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Chinese Cabbage Breeding 

Combining Ability Trial 

Summary 

Inbred lines previously developed irern the Hakuran backcross program crossed with heat-tolerant 
inbreds and the resulting combinations were tested in a summer trial. Eight hybrids were selected 
for their early maturity, perfect heading rate, high harvest rate and promising preference traits for 
further evaluation. 

Introduction 

Since a decision had been made to scale down the Chinese cabbage improvement program to 
a maintenance level, conventional crossbreeding to search for high-yielding F, hybrids was 
discontinued this year. Among the inbred lines developed from the Hakuran backcross program,
however, some appeared to possess characteristics such as round head shape, hairlessness and smooth 
dark leaves which are preferred by Taiwanese lbrmers. These were, therefore, crossed to selected 
heat-tolerant inbreds to test their value as parents of F, hybrids for the local market. 

Materials and Methods 

Forty-one Fi hybrids were made by crossing inbred lines developed from the Hakuran backcross 
program with a part or all of the nine old heat-tolerant inbreds during the 1986-87 cool season. They 
were sown together with the check cultivar, Hybrid 62, on 31 July and transplanted on 19 August
1987. A randomized complete block design with two replications was employed. Each plot consisted 
of a 4-in long, double-row raised bed. Plants were spaced 40 cm apart in two rows which were 50 
cii apart from each other. The distance between the centers of two adjacent beds was 150 cm. Data 
on yield and other horticultural traits were collected. Evaluation of preference traits was iiade at proper 
growth and development stages. 

Results and Discussion 

Contrary to the high expectation based on the performance of the inbred lines, none of the entries 
was very impressive. Although II entries were significantly higher in yield than the check, Hybrid
62, all were significantly later in maturity by 6 to 21 days. The majority of' the entries were also 
low in heading efficiency rate. 

Table I shows the yield and other traits of the most preferred entries. They were not significantly
different from Hybrid 62 in maturity, yield, soft rot incidence. heading efficiency rate, and harvest 
rate. All of the selected combinations showed perfect heading rate (= 100%) and generally
appeared to have smoother leaf texture than Hybrid 62. The selected entries had very little or no 
leaf hair. 

Based on the grand nean of the head size (553 g) which is much smaller than that usually obtained 
from summer trials, the environment of the trial is not considered very favorable for plant growth. 
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Table 1. Yield and other horticultural traitsz of the best performing Chinese cabbage 
F1 hybrids In the 1987 combining ability trial. 

Entry 
Maturity 
Maurity(DAF) 

Yield 
Yed(t/ha) 

Heading 
rate(%) 

Head 
weight(g) 

Heading 
efficiencyrate 

Head 
shapeindex 

Harvest 
rate(%) 

Soft 
rot(%) 

87111 
87151 
87152 
87162 
87181 
87182 
87164 
87186 
Hybrid 62 y 

36 ef 
33 f 
36 ef 
36 ef 
33 f 
35 ef 
35 ef 
33 f 
33 f 

17.8 h-rn 
18.4 g-m 
20.9 d-1 
20.4 d-I 
15.3 Imn 
14.8 mn 
18.6 g-m 
16.8 j-n 
16.3 k-n 

100 a 
100 a 
1GO a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 

567 i-o 
614 h-I 
644 g-k 
662 g-j 
474 m-o 
459 no 
598 h-rn 
505 1-o 
553 j-o 

1.13 b-h 
1.00 b-j 
0.89 h-k 
0.94 c-j 
1.05 b-j 
1.42 a 
1.24 ab 
1.02 b-j 
0.99 b-j 

1.20 j 
1.50 efg 
1.50 efg 
1.30 hij 
1.30 hij 
1.25 g-j 
1.30 hij 
1.45 e-h 
1.35 g-j 

97 abc 
95 a-e 
99 ab 
97 a-e 
98 ab 
98 ab 
91 a-e 

100 a 
93 a-e 

3 ab 
5 ab 
0 b 
3 ab 
2 ab 
2 ab 
7 ab 
0 ab 
7 ab 

ZMean sepdration within columns by DMRT at 5% probability level. YCheck cultivar. 

Therefore, it should be worthwhile to reevaluate the selected entries in the trials with seasonal 
replications in 1988. 

Advanced Yield Trials 

Summary 

Nine F, hybrid combinations selected from the 1986 combining ability trials were further 
evaluated in six advanced yield trials over the summer season. Two cornbinations, 86181 and 87187, 
were comparable in maturity and stability, and slightly better in yield to the standard check, Hybrid 62. 

Introduction 

Nine F, hybrid combinations selected from the 1986 combining ability trials were evaluated in 
six plantings over different growing environments to select entries which have stable yield and 
outperform the check, Hybrid 62. 

Materials and Methods 

Nine best F, hybrids were selected from the 1986 combining ability trials and included in the 
advanced trials scheduled as follows: 

Sowing date Transplanting date 

AYT' 1 22 May 12 June 
AYT II 8 June 30 June 
AYT III 22 June 13 July 
AYT IV 7 July 5 August 
AYT V 22 July 12 August 
AYT VI 6 August 28 August 

'AYT = advanced yield trials. 

Three cultivars, Hybrid 62, WW and SL4, were also included in each trial as checks. A randomized 
complete block design (RCBD) with four replicates was employed for the field layout. Each plot 
consisted of two 4-in long double-row raised beds. Spacing between hills was 40 cm and the two 
rows on each bed were 50 cm apart. Bed width was 1.5 m from one center to the next. Data on yield 
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and other horticultural traits were first analyzed for each trial and combined stability analyses were 
done for yield and maturity characters. 

Results and Discussion 

The majority of the entries had perfect or near perfect heading rates except for the heat-susceptible
check, WW, indicating that they are heat-tolerant. As shown in Figure 1, the yields of 86173 and
86153 were much higher than the standard check, Hybrid 62. However, both were quite late-maturing,especially 86173 (Table 2). Considering the yield, maturity and stability parameters together, 86181
and 86187 were the best performers, although they were not the highest yielders. These two
combinations, therefore, will be further evaluated in regional and international trials in the future. 

2.5 A8 6171 

861731.5 
-o 

gi" Hybrid 62 86186 
A 86187 86153 

P 8 0 8: 86 18 2 

86185 86181 
WW
 

0.5 - SL4 -Fig. 1. 

The relation of yield and 
stability of the entries entered 
Into advanced yield trials.0 I I I Estimates of s2 d were13 5 17 9 21 23 25 significant only for entries

Yield W/ho) indicated by A . 

Table 2. Means and stability parametersz for selected characters in the advanced yield
trials. 

Harvest rate y 
Days to maturity y 

(arcsine\/1o) Heat weight (g)Y (DAT) 
Mean b s2d Mean b s2d 2dMean b s


86153 80 0.34 
 19 752 0.87 6,105 40 .82 8*86158 80 -0.41 41 598 0.98 1,382 36 .99 286171 53 4.64* 118* 821 1.41 11,056* 47 .61 11*86173 77 1.84 10 825 1.10 4,279 41 .98 486181 80 2.03 68 678 0.67 1,555 37 1.02 186182 83 0.66 3 660 0.85 2,292 35 .82 3
86185 87 -0.19* 7 575 
 0.95 2,390 32 .74 386186 87 0.27 24 611 1.29 10,109* 33 .76 386187 80 1.07 30 689 1.18 4,755 36 1.33 1Hybrid 62 83 0.75 14 586 1.08 4,645 33 1.31 0S1 4 84 0.49 13 419 0.56 834 32 1.07 0WWCC 68 0.49 43 856 1.05 2,069 45 1.56 4 
7b = regre sion coefficient; s2d = deviation from regression. YTest for significance of regression coefficient 
(b) is against Ho:b = 1. 
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Cytosterility Backcross Program 

Summary 

To develop a simpler and more stable alternative io the sell-incompatibility system in F, hybrid 
seed production, two different sources of cytoplasmic male sterility (CMS), radish and leaf mustard 
(Brassicajuncea) had bei,' backcrossed to tropical Chinese cabbage. Radish-originated CMS lines 
in the BC--BC,, generati(m,,s were evaluated for their combining ability during the summer season. 
They performed much poorer than the corresponding male fertile lines as both parents and F1 hybrids. 
Backcrosses in BC4 -BC5 of B. juncea oigin showed less undesirable traits than in the previous 
generation. Twenty-four elite plants were selected from this group of CMS backcross materials to 
be used in further backcrosses. 

Introduction 

Cytoplasmic male sterility (CMS) would be a simpler and more easily applicable alternative to 
the self-incompatibility system which has been widely utilized and successfully employed for F, 
hybrid seed production of Chinese cabbage. A progran was initiated to transfer the CMS in radish 
and mustard into tropical Chinese cabbage. In 1987, further backcrosses were made for both CMS 
with intensive selection to remove the undesirable traits associated with male sterility. Radish-derived 
CMS was evaluated for its practical value in developing hybrid cultivars by comparing the Fi 
combinations produce', from CMS female lines with those from male fertile (MF) sister lines. 

Materials and Methods 

In the radish-CMS backcross program, a total of 1,811 seeds harvested from 14 backcross families 
which had been selected in a previous generation were sown on 24 October 1986. A total of 776 
seedlings of II families were transplanted in the field on 27 November 1987, after excluding those 
with undesirable traits. They were evaluated for vegetative traits to make 124 selections on 19 January 
1987. These selected plants were transplanted into clay pots with a diameter of 30 cm to induce 
flowering. At the flowering stage further selection was made for improved reproductive traits. Thirty
seven plants out of seven backcross families were finally selected and used (I) to produce F, hybrids 
by crossing with pollen of nonrelated heat-tolerant inbred lines; (2) to further backcross with recurrent 
parents by bee pollination in screen cages, and (3) to advance generation of one single plant whose 
nectary gland was much larger than other7 CMS lines by crossing it with mixed pollen source to obtain 
offsprings for the genetic stability of improved nectary. 

A total of 3.394 seeds in 21 mustard-originated CMS backcross families were also sown on 24 
October 1986. After discarding undesirable seedlings, 1.943 plants were transplanted on 27 Novembcr 
1986 to further select for vegetative and reproductive traits following a similar process to that which 
was applied to the radish-CMS families. Forty-two plants out of II families survived this selection 

process and were entered into screen cages for further backcrossing by bee pollination with recurrent 
pollen parents. Ten plants were finally selected to advance to the next backcross (BC) generation. 

During the above processes, recurrent parents were alwaiys grown together for comparison as 
well as for further backcrossing. 

For the combining ability test of CMS lines, entries shown bellow were sown on 30 June and 
transplanted on 5 August. 

Recurrentparent No. of F,'sproduced
from CMS 

No. of Fl's
producedfrom MF 

CMS 
parentp 

Recurrent 
parent 

Hybrid 62
(Check) 

CTI-27 4 5 1 I 1 
CT 1-32 10 5 1 I 1 
7252-1 8 4 - I I 

'MF = male fertile. 
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Field layout was RCBD with three replications in each recurrent parLnt group. A plot consisted 
of 20 plants. Plants were spaced 40 cim apart on two rows 50 cm apart from each other on raised 
beds. The distance between two adjacent beds was 150 cm Irom center !o center. Data were codected 
at maturity or at the termination of the experiment on 24 September 1987. 

Results 	and Discussion 

At the vegetative growth stage, much improvement had been noticed in CMS-associated undesirable 
traits, such as poor vigor and chlorosis, compared to the previous generations. In the selected families, 
chlorosis was not obvious and plants were very similar to and as vigorous as the recurrent parents 
in both CMS sources. 

However, nectary develcpment was still minimal or absent in the majority of the plants cf radish
derived CMS. It was more true in the inner nectaries, which are known to be active in honey production, 
except for one individual plant, 86W 13-17. After six backcrosses. pod shape and seed set were still 
apparently abnormal. Chlorotic symptoms in varying degrees also appeared during the reproductive 
stage in the majority of the plants. 

Table 3 shows the F values and their significance for single degree of freedon comparisons between 
male sterile vs. corresponding male fertile sister entry groups. All F values between these groups 
were highly significa r. The male sterile Fl's and parents had shorter leaf length later in maturity
and lower mean growth (Tables 2 and 3). In fact. no 1'I's produced from male sterile female parents
formed marketable heads by ?he termination of the field trial, 50 days from transplanting (Table 4).
Such a diflfeei cc, although not as great, was also observed between male sterile parents and their 
corresponding ni,!,- fertile recurrent parents. The poor performance must be basically due to the 
umdesirable traits assoc;mted with cyt,.plasni,: inale sterility or the serious incompatibility between 
Brassica nucleus and Raphanus cytoplasm. In the plantings in the autumn season which were grown
for selection and generation advancement, the dilfercw.,e: were not so obviou:s especially in the last 
two generations. Regardless of the underlying cause, it was deemed not worthwhile to carry out the 
program with the radish-derived CMS any further. 

Table 5 summarizes the degree of chlorosis, nectary devetp:, nectar secretion, flower size 
and pod set of the final selections from B. jutcea-originated backcross families. Chlorosis in the 
vegetative stage was already mininal, but it was, in general, a little more prominent in the reproductive 
stage. Two active inner nectary glands were obsL.-ved in most of the flowers, even if the size was smaller 
than that of the recurrent parents. The small nectary gland size may be partly due to the small flower 
size as seen in the petal size. The pod set rate was still generally much lower than the normal rate 
observed in the recurrent parents, while size and shape were rated almost normal in certain selections. 

Table 3. 	Comparison of male sterile (MS) and corresponding male fertile (MF) entries 
in three different backcross families of radish-derived male sterility! 

Variable Comparison Backcross family by recurrent parent
 
CT1-27 CT1-32 
 7252-1
 

Leaf length For all entries 29.4*** 29.3*** 55.5***
 
Parents vs. Fi's 50.4*** 1.2NS 16.5***
 
Hybrid 62 y vs. other Fl's 7.5* 16.4*** 39.6*** 
MS vs. MF in Fl's 188.7*** 329.6*** 474.7*** 
MS vs. MF in parents 44.7** 34.4*** 

Mean growth 	 For all entries 36.7*** 127.8*** 73.5***
 
Parents (Ps) vs. Fl's 58.8*** 16.1** 5.9*
 
Hybrid 62 vs. other FI's 20.8** 178.9*** 59.8i**
 
MS vs. MF 'n Fl's 268.5*** 1470.9*** 782.2***
 
MS -,s. MF in Ps 12.5* 58.8*** -x
 

ZF values 	 -ignificant at 5% (*). IV (', arid 0.1% (***) probability levels. YAn Fl check unrelated to the 
backcross families. XMS parent is missing, therefore no comparison with MF parent. 

-x 
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Although the selected families appeared almost similar to their recurrent parents in the vegetative 
stage at the present generation of BC4 - BCs, more backcrosses are required to improve the defects, 
such as flower and nectary size and pod set, observed during the reproductive stage. 

Table 4. Comparison of male sterile (MS) and male fertile (MF) parents and their Fj's 
in different entry groups. 

Leaf Mean Harvest 
Entry No. of length Maturity Mean ratRecurrent 


variety group entries (cm) (DAT) growth rate
 
(c)(g) 	 M% 

CT1-27 All entries 12 23.5 >41 740 50
 
Hybrid 62 (ck) 27.0 34 1,174 100
 
F1's 9 24.1 - 781 56
 

MS Fj's 4 19.0 >50 282 0
 
MF Fj's 5 28.2 35 1,179 100
 

Parents (Ps) 2 19.0 - 335 5C
 
MSP 1 14.2 >50 130 0
 
MFP 1 23.7 34 539 100
 

CT1-32 All entries 18 21.4 >45 563 39
 
Hybrid 62 (ck) 1 25.6 34 1,172 100
 
Fj's 15 20.9 - 539 33
 

MS Fj's 10 17.4 >50 179 0
 
MF Fj's 5 28.0 35 1,257 100
 

Parents 2 23.4 - 441 50
 
MSP 1 18.9 >50 204 0
 
MFP 1 27.8 >50 678 100
 

7252-1 All entries 14 22.5 >45 767 57
 
Hybrid 62 (ck) 1 27.3 34 1,229 100
 
F Is 12 21.9 - 716 50
 

MS Fj's 8 18.2 >50 341 25
 
MF Fj's 4 29.3 36 1,466 100
 

Parent (MF) 1 25.8 48 917 100
 

Table 5. 	Expressionz of traits associated with male sterility In different backcross 
groups of B. juncea-originated CMS. 

Backcross 	group by recurrent parent 

CT1-32 CT1-56 	 B-18 

No. of selections 10 5 	 9 
Chlorosis (degree)y
 

Vegetative stage + ( - - +) + +
 
Reproductive stage + +(+ - + + +) + +(+ - + +) + +(+ - + + +)
 

Petal size (% of recipients) 64 (50-70) 74 (60-80) 62 (60-70)
 
Nectary score (%)X 51 (32-75) 65(50-90) 52 (35-75)
 
Nectar secretion yes yes yes
 
Pod set ratew P (P- F) P (P- F) F(P- G)
 
Pod sizew G (F- E) G (F- G) G (P- E)
 
Pod shapew F (F-G) F (F-G) G (P- E)
 

ZMean figure or most frequent score outside parei theses and ranges within parentheses. Y- = no chlorosis, 
++ ++ + = very serious chlorosis. XScores taken from five random flowers inconsideration of the number 
and size of the nectary glands in reference to 100 in the recipients. Wp = poor, F = fair, G = good, 
E = excellent. 
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Salt Spray and C02 Treatment to Induce Temporary Breakdown 
of Self-Incompatibility 

Summary 

Inthe search for economical methods to multiply self-incompatible inbred lines of Chinese cabbage
and related crops, the efTcts of CO2 gas treatment and salt (NaCI) spray. combined with bee
pollination, were studied. The CO, treatment did not significantly increase pod and seed set. A daily
sP:ay of salt (1% to 2%). however, successfully broke self-incompatibility and produced as high seed 
yields as bud pollination. Observation of pollen germination on the stigma and pollen tube count in 
the style corresponded with the seed yield data. 

!,itroduction 

For Chinese cabbage parental lines to produce a high percentage ol hybrid seeds through open
pollination by insect pollinators, it isessential that they possess strong ajd stable sel f-incoinpatibi lity.
Since these self-incompatible parents produce little or no seeds if pollinated during tile open-flower 
stage, seed multiplication has conventionally rclied on laborious and expensive bud pollination. Among
the various alternative methods studied, only CO, treatment is known to have a potential for 
commercial scale application in certain selected crop varieties of Crucifi'ret'.Electric shock and stigmait
Mutilation using steel brush may be used on a small, non-commercial scale. Based on the positive
results obtained from the preliminary study of the previous year, the CO2 treatment was tried on a 
scmicommiercial scale. Spray of salt (NaC I) solution, combined with bee pollination, was also tried 
on Chinese cabbage and son'e related crops. 

Materials and Methods 

One or miore lines were selected from five tropical Chinese cabbage inbreds. B-18. E-7. E-9,
WW and FL-9. depending on their availability at tile time of treatments. For semiconiniercial trials. 
they were induced to flower and placed in screenhouses after removin,. all the previously opened flowers. 
After fasting two night and one day. honeybees, in cages, were placed in each screenhouse for the 
pollination during the day. CO, treatment was conducted from 1800 11to 0800 I the next morning
inside the sealing hood made of' plastic fin. Ai electric fan wxas used to secure an even CO2
concentration in the hood. The C(O, concentration was regulated by the flow speed meter and release 
time was based on the hood dimension, and then confirmed with a detection kit (Model 126 SH of 
Komyo Physicochemical Co.). Commercial grade salt was diluted in distilled water and sprayed at 
around I00 it0over tie infloresccice. Each trial had a daily treatment and lasted from one to two 
weeks. Fifteen to 20 plants were used for each replicate of each treatment. At the termination of the 
treatinent. all tile bud, were removed by pinching and tile plants were m1oved out of the s.rcenhouse 
after IMur to five dals. At maturity, pod and seed set of five branches each of six randomly chosen 
plants in each plot were counted. Ten randon flowers which opened on the previous day we\'re salmplhd
froni each plot during tile treatiient period, and pollen germination and pollen tube growth in the 
style were recorded. 

I-or experiments with artificial pollination, the flowers which bloomed on tb,: day of treatment 
were regarded its open flowcrs, while ready-to-open and too tiny buds were not used for bud pollination.
The remaining flowers and buds were renioved after pollination. Experimental plants were kept away
froni each other in the insect pollinator-free scrcenhouses. At ni1turity, pod and seed set data were 
collected froni healthy branches oi"the healthy plants. 

Results and Discussion 

Contrary to the expectation fr ,i, the artificial pollination data of last year, the CO2 treatriient 
did not increase seed set of the inbred, B-18. compared to the check under bee-pollinated conditions 
(Table 6). The pod set rate was only higher in the 2% C02 treatment. 
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Table 6. 	Effect of C0 2 treatmentz on pod and seed set of a self-incompatible Chinese 
cabbage Inbred, B-18, bee-pollinated In Isolation cage. 

No. of' No. of pods No. of Pod set y Seed no. Seed no. 
C02 Bee flowers seeds rate per per 
conc. pollination sampled w/seed wo seed set (B/A, %) flower pod set 

(A) (B) (C) (D) (D/A) (D/B)
 
0% (ck) No 674 120 95 215 17.8 b 0.53 2.84
 
0% (ck) Yes 694 269 44 754 38.6 an 1.10 2.84
 
2 % Yes 613 392 21 967 64.0 a 1.58 2.41
 
4 % Yes 622 254 30 679 41.6 ab 1.09 2.45
 

ZSingle replicate for each treatment. YMean separation within columns by Duncan's multiple range test at 5% 
probability level. 

Similar results were also obtained in tile other three inbreds as shown in Table 7. Such little or 
no effect of CO 2 treatment may have been partly caused by the interference of senile compatibility
which could bring about increased pod and seed set in nontreated check plots, especially those with 
bee pollination. But the absence of effect against the check without bee pollination over four different 
genotypes cannot be readily expla'ned. On the other hand, the 2% salt spray resulted in a significant 
increase in the number of seeds pcr flower in all three lines. Such increase was attained more by 
the increase in number of seeds/poi rather than tie increased pod set rate. 

Pod and seed set data with hand p. Ilination indicates that 1 7X or 2% salt spray results in as many 
seeds per pollinated flowers as by bud pollination (Table 8). The combined scores of pollen germination 
on the stigma and pollen tube growth into the style (Table 9) generally corresponded well with the 
seed set data presented above. However, tile significant increase in score resulting from bee pollination 
without CO2 and salt treatment strongly implies that senile compatibility could result in an increased 
seed set if bee-pollinated. 

From the small-scale simple treatments with salt sprays, it was possible to obtain positive results 
in broccoli. cauliflower and cabbage inbred lines. However. the effect was not obvious in radish. 
In the case of B. oleracea crops, damage on pods was frequently observed because of the petals which 
remained wet due to the moisture captured by the sprayed salt. This is related to the unique petal 
structure ,of those crops. T(, solve this problem, spraying with water sometime after the salt spray 
may b, tried to wash out the salt after breaking the self-incompatibility. 

Table 7. 	Effect of salt spray and CO2 treatment on pod and seed set of self-incompatible 
Chinese cabbage inbreds, FL-9, E-7 and WW, bee-pollinated In isolation cage. 

zNo. of No. of P Seed no. 
flowers seeds Pod set Seed no. 

Inbred Treatment polli- Fampled w/seed w/o seed set rate flower per pod 
nation (A) (B) (C) (D) (B/A, %) (D/A) (D/B) 

FL-9 	 Check No 527 3 6 3 1.4 b 0.10 b 0.50 b 
Check Yes 498 234 52 311 46.6 a 0.60 b 1.25 b 
2% C02 Yes 556 214 67 391 37.5 a 0.70 b 1.72 b 
4% C02 Yes 483 149 51 226 .30.l a 0.47 b 1.47 b 
2% salt Yes 484 327 43 3,935 68.6 a 6.24 a 9.03 a 

WW 	 Check No 525 8 356 2 0.4 c 0.01 b 0.13 c 
Check Yes 429 79 137 109 17.3 b 0.26 b 1.35 c 
2% C02 Yes 374 108 122 554 29.0 b 1.55 b 1.92 b 
4% C02 Yes 341 119 113 116 34.4 ab 0.34 b 1.07 c 
2% salt Yes 355 205 79 1,930 E7.6 a 5.39 a 9.34 a 

E-7 	 Check No 611 11 10 23 1.3 a 004 b 2.05 b 
Check Yes 598 187 65 461 31.1 a 0.80 b 2.26 b 
2% C02 Yes 585 173 77 419 25.9 a 0.68 b 2.24 b 
4% C02 Yes 518 140 40 298 24.9 a 0.60 b 1.80 b 
2% salt Yes 553 301 28 2,665 54.4 a 4.79 a 8.81 a 

'Mean separation within columns within inbreds by Duncan's multipl, range test at 5IV probabiity level. 
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Table 8. Pod and seed set of a Chinese cabbage inbred, WW, as affected by pollination 
type and salt treatments. 

Seeds per'Poll.' Flower no. Pod no. Seed no. Pod set y Seedsy 

Treatment pollinated set set rate per pod pollinationtype (A) (B) (C) (B/A, %) (C/A) (C/A) 

FS None 105 45 198 44.2 c 3.6 b 1.9 d
 
FS Water on stigma 118 54 203 46.1 c 3.3 b 1.8 d
 
FS 2% salt on stigma 112 77 1,193 70.3 ab 13.7 a 10.8 a
 
FS 1% salt on stigma 94 72 1.042 78.3 a 13.4 a 10.7 a
 
FS Water on pollen 125 66 445 53.7 bc 6.2 bc 3.7 cd
 
FS 2% salt on pollen 124 4 1 0.9 d 0.1 C 0.0 d
 
FC None 113 72 611 65.0 abc 9.3 a 6.6 bc
 
BS None 137 110 1,551 72.4 ab 12.4 a 10.1 ab 

IFS - self pollination at open-flower stage; FC cross-pollination at open-flower stage; BS - self-pollination 
at bud stage. Mean separation within columns within inbreds by Duncan's multiple range test at 5% probability 
level 

Table 9. Effectz of C02 and salt treatment on the combined scorey of on-stigma germi
nation of pollens and in-style tube count of Chinese cabbage inbreds, bee
pollinated in isolation cages.
 

Inbred
Treatment Bee pollination .-


B-18 E-9 FL-9 WW
 
None No 3c 4 c 0c 4 c
 
None Yes 16 b 37 b 30 b 36 b
 
2% C02 Yes 18 b 31 b 42 b 21 bc
 
4% C02 Yes 33 a 26 b 37 b 21 bc
 
2% salt Yes - 70 a o9 a 85 a
 

'Mean separation within columns by DMRT at 5% probability level. YScores summed from 10 observations 
giving 0. 2, 4, 8 and 10 to no germination, germination without penetration, few pollen tubes in the style. 10 
to 20 tubes in the style and numerous tubes in the style, respectively, 

International Cooperation 

In 1987. a total of' 1,085 packets or Chinese cabhage Seeds were distributed to 93 cooperators 
tn 39 countries. They were to be entered into trials under different growing evnvironments together 
with local checks and an AVRDC hcat-sensitivc check. This year, seed production of AVRDC Ft 
hybrids was attempted in a few cotintries sucII as the Phi lilllintes. Nepal and InidoinCsia. Reports froit 
tile t'ooperators are suttttmarized as lollows: 

China 

Repeated perfornat.'cc tests during the summer s asons since 1982 have proven that Hybrids
58 and 62 are outstanding: tlierel'rc. thev were released witI tile na nies SI n tilerume r Pearl anld Sumtmtn 
Abindance. respectively. in 1987 by the Vegetable Research htistilutc. Jiangsu Academy ol Agriculttire.
'he Inlistiitte provided Iftrmers witi lhe recomnlntlded cultItral praclt iccs lIr tile released cullivars tlr in.l1 
an article in the Jiangsu Nottyc Kcxuc (.iangsu Aricnltural Science) Journtal. Seed protltliin o " 
the hybrids has also heen studied y the Institute for the last lew years. 

Indonesia 

)r. TioItgchai TonuthaiSri. Residcnt Scientist of the Indoncsia-AVRl)C Bilateral Prograi, 
ctFIidICted several trials in cooperation with I)r. Atiggorto Hiadi Peritadi o'h IheLcnlbang IHorticultural 
Research Institute itt both the highlands and lowlIatids during 1986-87. Based ot the results obtlained 
frot these trials. l)r. Anggziro was able to narrow down the number of entries to be entered into 
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further trials (Table 10) which are now being conducted in live different selected locations of lowland 
and highland Java. Dr. Anggoro is also attempting to establish the techniques for hybrid seed production
with the parental seeds of Hybrid 62 provided by AVRDC. 

Di. Brian Hilton, University of Merdeka, filed a rep.rt on a replicated trial conducted on five 
AVRDC Chinese cabbage varieties and a check cultivar from Japan in the Duegus area of East Java 
during the 	 rainy season (Table 11). All AVRDC entries formed heads in 50 to 60 days from 
transplanting, whereas the check did not until the trial was terminated 82 days after transplanting.
Because of the I,,ge coefficient of variation (32% for yield), varietal difference was not statistically 
recognized in any investigated trait except for days to maturity. However. Hybrids 59 and 62 were 
preferred due to the earlier maturity and higher level of heat tolerance. AVRDC entries were well 
accepted because they were sweeter and tastier than the locally available Chinese cabbage.

Dr. Simon 	Field of NTT Integrated Area Dcvelopment Project conducted two trials to search 
for varieties that can outperform Sanguihe and Talaud, AVRI)C open-pollinated varieties previously
released in 	Indonesia. One was conducted in the lowlands mainly with open-pollinated entries, and 
the other in the highlands with Fi hybrids. Although varietal difference was not statistically recognized
in yield and most of the important traits. AVRDC entries matured earlier and yielded higher than 
the locally grown imported check. In the highland, Sanguihe and Talaud did not perform as well as 
the other entries. Sanguihe had the smallest head weight and Talaud the lowest harvest rate among 
the entries tested together. Securing a reasonable population size isessential in the course of regeneration
of any pen-lxllinatcd variety to avoid genetic drift. The reported deterioration of the previously released 
varieties may not have been properly handled in this respect. Dr. Field's future plan to study the 
seed production techniques should be accorded high priority. 

Table 10. AVRDC Chinese cabbage F1 hybrids that performed 
well in trials conducted by LEHRI. 

Hybrid nos. 
Hybrid 58z 82-157 
Hybrid 62 83-2 
82-46 

ZSeed production now being tried. 

Table 11. 	Performance of AVRDC Chinese cabbage entries in a trial at Daerah Dungus
kabupatan Madiurn, East Java.Z 

Entry Maturity Head wt. Heading rate Harvest rate Yield
 
(DAT) (g) (%) (%) (t/ha)
 

77M(3)-26 
 60 a 698 72 56 13.1 
77M(2/3)-43 56 ab 725 83 67 16.3 
Hybrid 58 57 ab 659 89 72 15.9 
Hybrid 59 51 b 771 91 74 18.9 
Hybrid 62 52 b 594 93 80 16.1 

ZSown on 17 December 1986 and transplanted on 6 January 1987 in three replications. 

Japan 

AVRDC's heat-tolerant Chinese cabbage was tested at Fukuoka Prefecture Horticultural Research 
Center. Two hybrids, 82-46 and 83-20, and one open-pollinated variety, 77M(3)-27, were sown on 
4 August 1987. They produced larger heads than the local check, Omi, and proved promising for 
late July and early August sowing when conventional varieties are difficult to grow. AVRDC entries, 
in general, had rounder heads, less leaf hair, darker leaf color and softer leaf texture than the locally 
popular commercial cultivars. 

Liberia 

Mr. Andrew Sayc. Sr. of Lowland-N.C.R.P.P. tiled a report on a trial with AVRDC Chinese 
cabbage at Nimba County, Liberia. Seven entrie, out of 10 included in the trial successfully formed 
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marketable heads of' 470 to 810 g by 51 to 55 days afler transplanting on 12 January 1987. Entry
77M(2/3)-46 was the hihest yielder. Soft rot and/or downy mildew were serious in the entries Hybrid
59, 77M(3)-27 and 77M(3)-35 Irom which dala could not he taken. 

Malaysia 

Mrs. Fadelah Abdul Aziz of tihe Malasia Agricultural Research and Development Institute 
(MARDI) reported on a trial with AVRDC Chinese cabbage at tihe Jalan Kebun Station, Malaysia.
Surprisingly, allthe entries, including tie healt-sensitive check B-40, showed very high or perfct
heading rates. As shown in Tahle 12, two hbvrids and two open-pollinated varieties had higher yields, 
ifnot significantly different froni the check, Saladeer. and Hybrid 62. 

Nepal 

In a trial conducted inKathmandu Iw )r. S. S. Rckhi of tileHMG/FAO Vegetable Production 
Proiect, Hybrids 58. 59 and 62 showed excellent performance ('able 13). Hlybrid 62 also performed 
very well inall tileother trials conducted elsewhere in tilecountry. Hybrid 62 received the highest
rating due to its early' 11aturit., compact head. bolting tolerance and I'01getting tie higlhest yield per 
Unit timic atid area among all tileentries in tiletrial. 

Regarding tie potential of IIhbrid 02. the Rescarch Coordinating Committee of H MG! Nepal has 
decided to colndlct mu1lti-locational trial,, in tie 1)87- scason and include it in the lisl of prerelease 
varieties. The conirnittec has alsd dcidCd to rUn a see l)Yrdulieton trial to ieer the ltlure seed 
reltrirement in tile AVRIX' ha,, pr ided seed iaterials Ior hoth pcrftollnance lest ald seedcountr,. 

produCtitO of' the Fr hvbrid.
 

Table 12. 	Yield and other traits z of some selected Chinese cabbage entries in a trial 
at MARDI 	at Jalan Kebun, Kang, Malaysia. 

Entryx Yield Maturity Harvest rate Head weight
(t/ha) (DAT) (%)
 

82-156 36.5 a 46 a 
 100 a 1.09 a
 
82-157 36.3 a 
 45 ab 100 a 1.09 a
 
77M(3)-27 33.3 l) 
 41 c 84 ab 1.00 abc 
77M(2/3)-46" 33.3 ah 43 abc 91 ab 1.04 ab 
Hybrid 62 26 7 bc 41 c 86 ab 0.83 cd
 
Saladeer (ck) 28.6 abc 40 
c 76 b 0.86 tcd 

/Mean separation vitirr Columwrns by DM8I it %', aroti)dlit levul 'Sown urn 6 JUiNO 1.98 7 tild tifiili1 IiltO(d
On 3 July 1987 Fntrie , naked vilh ireopen .ii, l( 11 1w Iisteriskc O)polin.iitrd vinre 	 - 1in d/iiiJn, 

Table 13. 	Yield and other traits of some selected Chinese cabbage entries in a trial' 
at Kathmandu, Nepal. 

Yield Maturity Bolting rate Head weight Soft rotEntry (t/ha) (DAS) (,) (9) (") 

Michilli 	 41 96 0 1,560 0
 
Hybrid 58 22 65 
 5 851 ()
Hybrid 59 21 65 5 816 0
 
Hybrid 62 26 61 
 0 981 0 

zPour-week old weh(linlgs wei, ilrawiplartted ,on23 October 1987 No ricani seoran~tion woa Irovided in tihe 
oUnorlriry table 

Nigeria 

Tlliokini silule for 
Chinese cabbage hybrids. ,,ge ill,icheck variet.. \%itlhot irrigation utiliirng only the residual 
soil moisture during the dr\ scason \ 

Mr. Y.S. ('hei Of tIe I - iAn 'ropical Agriculture I1TA) testel three AVRDC 

Iransplanting inhncdiately afer lh
rice crop at Ibadan. Niocria. 
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Chinese cabbage did not suffer from drought and reached maturity in 45 to 54 days from transplanting 
(Table 14). Hybrid 58 showed heat tolerance with no internal rot and had the highest yield among 
the entries. 

Philippines 

The Philippine Outreach Program (POP) conducted a feasibility study on hybrid seed production 
of Hybrid 62 in cooperation with the Eastwest Seed Company in the Baguio highland area during 
the 1986-87 dry season. The trial was reported to be successful. Mr. J. van Balen also found that 
14 days of cold treatment was long enough to induce flowering in the lemale parent, E-7. In the 1987-88 
dry season, the company will expand its trial to a limited commercial scale of 2,000 m2 under an 
agreement among the Bureau of Plant Industry, POP/AVRDC and the company. 

Dr. M. Yasuo, Team Leader of the APC-JICA Project, filed a report on two trials conducted 
on AVRDC Chinese cabbage at the Bohol Agricultural Promotion Center in Tagbilaran City, 
Philippines. All entries showed high levels of heat tolerance in both plantings (Table 15). Insect damage 
was the most serious problem, followed by soft rot and tipburn. In the second planting, yield was 
significantly difterent between entries. However, this was mainly due to differences in insect damage. 
These trials proved that it is possible to obtain economic yields using AVRDC varieties if good insect 
control is provided. 

Messrs. E.I. Castro and V.V. Alpuerto of the Mariano Marcos State University at Batac, Ilocos 
Norte conducted a Chinese cabbage trial which included five entries from AVRDC from February 
to April 1987. Hybrid 62 was the highest yielder followed by Soro 127 and Hybrid 58 (Table 16). 
All entries were damaged by diamondback mioth to a certain degree. However, most entries still 
produced an economic yield. 

South Africa 

At the University of Stellenbosch, Dr. P.C.J. Maree conducted trials in two different seasons. 
His spring planting was not successful because of high bolting rates caused by the cool night temperature. 
In the autumn trial (Table 17), however, AVRDC entries grew well and formed heads by the 41st 
to 67th day from transplanting without obvious problems. The mean head weight ranged from 590 
to 790 g,depending on the entries. 

Turkey
 

Two summer trials were conducted by Dr. A. Yazgan, Department of Horticulture, Cumhuriyet 
University in)Tokat. The trial site was located 858 in above sea level. The first trial was sown on 
I August and the second on 20 August 1986. Depending upon the entries, disease (not specified by 
the cooperator) and bolting were recognized as the major problems in the first and second plantings, 
respectively. However, most entries normally grew to forrm marketable heads. Some of the newly 
developed FI hybrids matured as early as or earlier than Hybrid 62 and yielded higher. Hybrid 83-20 
showed a perfect harvest rate, early maturity and high yield in both plantings. Among open-pollinated 
varieties. 77M(2/3)-46 performed best. 

Table 14. Yield and other traitsz of Chinese cabbage in a trial y at IITA, Ibadan, Nigeria. 

Marketable Head Heading Maturity Internal 
Entry weight weight rate (DAT) rot 

(t/ha) (kg) (%) (%) 
Hybrid 58 26.4 ab 1.53 95 a 48 0 b 
Hybrid 59 28.0 a 1.17 100 a 50 0 b 
Hybrid 62 23.9 ab 1.07 94 a 48 75 a 
Top Yield (ck) 14.6 b 1.29 50 b 54 75 a 

ZMean separation within columns by DMRT at 5% probability level. YTrial conducted from November 1986 
to February 1987. 
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Table 15. Performance of selected Chinese cabbage entriesz in a trial at Bohol Agri
cultural Promotion Center, Tagbilaran City, Philippines. 

Entry Yield (t/ha) Harvest rate (%) Head weight (kg)
 
77M(3)-33 14.7 75 0.59
 
77M(3)-35 16.9 84 0.61
 
77M(3)-40 16.5 87 0.57
 
77M(2/3)-41 17.9 81 0.66
 
77M(2/3)-43 14.7 67 0.68
 
CV (%) 26 20 16 

ZSown on 12 November 1985 and terminated on 5 February 1986. 

Table 16. Yield performancez of Chinese cabbage entries In a trial y at Mariano Marcos 
State University, Ilocos Norte, Philippines. 

Entryx Yield (t/ha) Heal weight (kg) Solidity
 
77M(3)-26" 13.4 b 0.60 b 0.88
 
77M(3)-27" 10.1 c 0.50 c 0.75
 
77M(3)-35* 13.6 b 0.60 b 0.83
 
Hybrid 58* 17.7 a 0.79 a 0.88
 
Hybrid 62* 18.7 a 0.84 a 0.93
 
Shagum 091 11.0 c 0.51 c 0.62
 
Soro 127 18.6 0.83 a 0.93
 
CV (%) 15.8 16.3 15.0 

2Mean separation within (;olumns by DMRT at 5% probability level. YConducted from 25 February to 13 April 
1987. XEntries with asterisks are AVRDC cultivars. 

Table 17. 	Mean head weightz of some selected AVRDC Chinese 
cabbage entries in an autumn trial y at the University of 
Stellenbosch, South Africa. 

Entry Head weight (g) 
Hybrid 62 680 
82-156 667 
83-2 590 
77M(2/3)-46 761 

ZMean from nonreplicated trial YSown on 2 February and transplanted on 4 March 
1987.
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Biological Control of Diamondback Moth on Farmers'
 
Fields in Luchu
 

Summary 

Attempts were made to control diamondback moth (DBM) (Pluitela .ivlostelh) on a commercial 
crucifer planting of !15-ha fields owned by 130 farmers in Luchu township in Kaohsiung county.
A total of 110,050 cocoons of two larval parasites, Diadiegna eucei'rophagaand Apanftles plutelhe, 
were released at intervals throughout the season. Total parasitism ranged from 10.2 %to 24.0%. This 
level of parasitism, coupled with use of Bacillus thuringiensis,gave adequate control of DBM. Despite
advice to the contrary, most 1armers used chemical insecticides which caused parasite mortality and 
reduced parasitism. An eflIective extension program is a necessity for the success of any biological 
control program with DBM. 

Introduction 

In Luchu township of Kaohsiung county, larmiers grow cruciferous vegetables mainly in the cool
dry season each year from October to May mainly for export. The maJor vegetables are cauliflower,
broccoli and common cabbage. Diamondback moth, Plutelh xvlostella L. (Lepidoptera: Yponomeu
tidae), is the major pest of crucifers in this area. The insect larvae feed on the foliage from seedling
stage up to harvest. As a result of insect feeding, the yield and, at times, quality of the produce is 
adversely affected. 

Farmers in Luchu use a large quantity of' insecticides to combat this pest. The insecticide use 
is intensive and, at times, several insecticides are mixed together and sprayed at an interval of less 
than one week. This intensive inseclicide use has lead to the development of insecticide resistance
in diamondback moth. which has forced farmers to apply even greater quantities of insecticides more 
frequently. Such use has intensified the insecticide resistance and increased the cost of production.
The residues left on the produce lve increased the potential for health hazards both to the consumers 
and the firmiers. The large quantity of insecticides that eventually end up in the soil poses the possibility
of soil contamination and subsequcn absorption of pesticide residues by f',od crops.

To overcome the above-mentioned hazards associated with intensive insecticide use, AVRDC 
attempted biological control to combat diamondback moth in Luchu by releasing two larval parasites. 

Materials and Methods 

Parasite mass rearing. Diadegpna euce-ophagaHorstm (Hymenoptera: lchneumonidae) was 
imported from Indonesia ill1984 and reared continuously in the laboratory on diamondback moth 
larvae. Almutels p4ttelwa Kurdj (Hymcnoptcra: Braconidae) was collected from the farmuers' fields 
in Luchu township in 1984, and similarly reared on diamondback moth larvae continuously in the 
laboratory. Diamondback moth larvae were reared on cabbage seedlings and exposed to parasite adults 
ot oviposition for 24 hours. The parasitized larvae were reared further on cabbage seedlings. 



18 AVRDC Progress Report 1987 

At pupation, the parasitized larvae died and the parasite larvae feeding inside formed its own cocoon. 
These cocoons were collected and placed at IOC until needed for release in the field. 

Parasite release in the field. The area of this experiment covered 115 ha owned by 130 
farmers. A total of 35 release stations were established throughout the area. A typical release station 
consisted of a quadrangular wooden box with slanted top and a door on one side that can be opened 
and closed. Except for the top and the bottom, all sides were perforated with three or four 1.5 cm 
diameter holes. The box was mounted on a I in high wooden pole. Parasite pupae were placed inside 
the box and the holes on its sides permitted the adult parasites to fly away easily. Starting on 20 August 
1986 when some farmers started raising the crucifer seedlings in the field, parasite pupae were placed 
in the release station at intervals. The parasite release continued until 5 March 1987 when most of 
the farmers began harvesting their second crucifer crop. 

Parasitism evaluation. At intervals throughout the season. 20 fields were selected at random 
and 20 plants were sampled in each field. The number of DBM larvae and pupae and parasite cocoons 
on each plant were recorded. DBM larvae were cut open and the number of parasite larvae found 
inside them was recorded. The percentage of parasitism was calculated by dividing file number of 
parasitized larvae + parasite cocoons by the total number of DBM larvae + pupae (parasitized + 
unparasitized) and multiplying the ratio by 100. 

Control of other pests. For the control of other pests. especially Spooptera litura. water 
trough traps baited with sex pheromone were established at regular intervals in the field. A total of 
477 traps were set. The pheromone was replaced once a month. All farmers were requested not to 
use any chemical insecticides and they were encouraged to spray Bacillus thuringiensis to control 
any lepidopterous pest that causes significant damage. 

Information exchange. At tile beginning of the experiment, a meeting with all farmers was 
held to explain the purpose and procedure of this experiment. At this meeting, various insect pests 
that might attack their crops during the season were also shown and measures to control then were 
identified. The parasites were shown to thcm and the process of parasitism explained. Once every 
two weeks, evening meetings were held with the farmers where they were encouraged to bring up 
pest problems they might have noticed during the preceding fortnight. At the same time, the farmers 
were informed of ncw developments in biological control of diamondback moth and the results of 
AVRDC's observations. 

Results and Discussion 

The schedule of parasite release and the number of parasite-: released in the field are summarized 
in Table I. From 20 August 1'-86 to 5 March 1987, parasites were released 23 times. A total of 51,700 
co loons of D. eucerophaga and 58,300 of A. pluhellae were released. Based on laboratory studies, 
80% of D. eucerophaga and 95% of A. plutelhie cocoons emerged into adults. 

The data on the diamondback moth infestation and parasitism are summarized in Table 2. The 
number of DBM larvae + pupae per plant which was 4.6 by 23 October was reduced to 1.34 on 
6 November 1986. During this period parasitisn went up from 10.2% to 22.1 % (Table 2). The 
parasitism rate ,a:yed high for the next two weeks but declined thereafter to 15.6% by 19 February 
1987. There was atendency for the diamondback moth larval population to decline with an increasing 
level of parasitism. The level of parasitism observed, however, was not adequate to control diamondback 
moth completely. In the intervening period, especially late December and early January, most farmers 
harvested their first crucifer crop and some planted the second. 

Limitations. Despite repeated requests not to use chemical insecticides, practically all farmers 
still resorted to spraying insecticide mixtures. This obviously resulted in the mortality of parasites 
which are highly susceptible to a variety of chemicals presently being used. Although the parasitism 
rate in the laboratory and under screen in the field was high, the frequent use of chemical insecticides 
killed the parasites which adversely affected the parasitism rate. An effective extension program of 
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discouraging farmers from indiscriminate use of chemical insecticides is essential for the success of 
any diamondback moth biological control program. At times secondary pests such as Spodopteraspp.
become a problem. To combat these pests, use of sex pheromone, coupled %vilhone or two sprays
of newly developed insect growth regulators which are not toxic to parasiLes, is necessary. 

Table 1. Schedule of parasite release in Luchu. 

Date No. parasites (x 1000) 
Diadegma Apanteles Total 

20 August 1986 1.7 3.4 5.1

28 August 1.9 3.8 5.7
 

4 September 3.3 3.3 6.6

11 September 2.1 2.1 4.2
24 September 4.8 7.2 12.0 
2 October 4.6 4.6 9.2
9 October 2.6 0 2.6 

20 October 3.8 0.6 4.3
23 October 0.4 0 0.4 
11 November 2.2 1.0 3.2

20 November 0.8 2.0 2.8
 
28 November 2.0 0.6 2.7


9 December 0.6 2.0 2.6
 
23 December 2.6 
 2.9 5.5 
31 December 2.6 2.0 4.0
 
14 January 1987 3.1 3.1 6.2

21 January 1.4 2.5 3.9

27 January 2.4 3.1 5.5
 

5 February 1.8 2.8 4.6
 
13 February 2.9 2.8 5.7

19 February 1.5 1.8 3.3
 
26 February 3.3 3.7 7.0
 
5 March 0 3.0 3.0 

Total 51.8 58.3 110.0 

Table 2. Parasitism of diamondback moth In Luchu.z 

No. of larvae + Parasitismpupae/plant (%) 

23 October 1986 4.05 10.2 
6 November 1986 1.35 22.1 

20 November 1986 3.30 24.0 
19 February 1987 5.12 15.6 

2lnsect survey data are based on 20 plant samples from each of the 20 ran
domly selected fields. 

Biological Control of Diamondback Moth on Farmers'
 
Fields in Yangminshan
 

Summary 

Attempts were made to control diamondback moth (DBM) by releasing two larval parasites,
Diadegmaeucerophaga and Apanteles plutelhke, on 10 ha of farmers' fields near Taipei. A total of
97,200 parasites were released during the scascn. Parasitism ranged from 20% to 80% and the DBM 
population was reduced from over 10 larvae/plant to 0.3/plant. Secondary pests were kept under 
control by sex pheromone and occasional sprays ofBacilluv thuringiensis. Spodopteralitura still caused 
sone damage. 
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Introduction 

Crucifers are important vegetahle crops cultivalted in tile "'Ii ci suburb of Yangmi nshan, especially
during the rainy-hot suriier w\hen they fetch a high price in tile Taipei market. As elsewhere in Iw'l wan. 
the d!anuondback iiith, Phttella xvlost'/h I. (l . pidptera:YP nieutidac ) is Ihe Most important
insect pest. In cooperltion with the i:oVualln District Agricultural Ilnliprovenient Station (DAIS), a 
project was lainchbed it control Itis pest b\ releasing two larv:,! parasites, i aoA'gnia e'ceioplgaga
Herslit (-I i iyc op tc ra: Iciicu 1mon idle) and .Ilpatmles phtwrc Ku rd.j (Hvivieti(i tcri:rBraconid;l). 

Materials and Methods 

\ViCn 1IrticiS starteLd Ira plantini in carly April, 18 iparaIsitc-rcleaSC stations \were erected 
thr llmoul tile I 0-ha area. Flach statiol consistCd of a quadr'angular wtcidCii box with slantCd tLl0aid 

anaiLoor tll icnilC which can he optIed ;ailI osed. Fxc t the top and the hbttoill. all sides were 
)crtoratCd \\ itl three to lOui I.5 ciii diatmCtCr holcs 1'0or asM\ Cscapc o1 the parasite alults. The box 

\%as lOtunitd aii aoI-in hih ,wo den pole Starting inid-April, at intervals of' 10 to 15 days. pZpa
tf tlh partasites \kcrc released ill each station. A total of 35.600 I)iode'm, and 9)7,200 .llanteles 
pliea werc released throughout the season. 

Startin in the Ibc,_inlinl of Nlia\ till iiid .htly, ohscrvations oillhe pirasliisill were illiidC by the 
Taovuan )AIS atl \weekl\ in'rvals. I)ianionhack nith larvac troni 15 iai'd0lnv\ selected plaitts were 
collected aid raised ill the lIa-arzitI until ipuzlioi. At iplation tihle iiiIbrs o1' ppiC t1 parasite
and diiimiidha1ck iiioth were re.cordCd and tei ra.tle of' par;sitiSli COlln iliid. 

E: riir %rev rcqluCted to Use.\lwhen nce.'ssary, tai/l. /i , otheronly iigien'six to Control 
caterpillar s ecies. Several traps baited \ith se\ pherolioi e to trap .Slodoptcr lura, aii occasional 
pest ofcrutcifers. %\crlcplaced ltI-ouolluilt th1e held. 

Results and Discussion 

'hieC results 01 tihe diaindhack itoti inltesalimit of cabbagc and rate of parasitism are shwn 
in Figure I . )iamondback inith larval piulation which was quite high initialy ( 122 to 1"54 larvae/ 15 
plants) decreased c!radultllv. The parasitism rate which was very low soon after parasite release increased 
to 52.4', liiur \ecks later. Froim hi.s title oTnwards, the pest poipulliiii rmind rilativ'ely low draplping
to 5 hrivae; I plaits and parasitisin stabili/ed htwecn 35"; and 4(0";. At this stage ilails had already
Iirliiet heads aItid iiost of til pests \%ere O tihle outer IheaI%which did n1ot ;aft.'t_ A weck. the yield.
beloie thle start ofl hal.-st. the larval pitpilaticii iiicrased to Qtt iiiSct.,, 15 IplaitS btl it was rCduCdto 5 larvac 15 plais the fllowing week \%hen prasitisn reached 8(', . A \vlical pallern btel 

thle pest ppUlptilatiiul id partsitisil rate was evident. thotluh it was not ,very distinct. 
NMost 0it thle vrasitiSia ,wa CaLuse .. psar;its 1h\ iit 'h.s. I)ialdc 'it itiis i was olbservCd only oil 

threC accasions ill Juie. hed atnd 7.0'; . Il a similar experiment in Luchu area.It ra betwCen -1.5' 

.E , -60 

01
 
-80 ;0 

2 40 -120 L 
-J 

o5 Fig. 1. 
0 

6 12 19 2c 2 
--- t,',a.....-...June 

9 16 23 
----

30 7 4 
Juty 

0 Infestation of crucifers by diamondback 
moth and rate of diamondback moth
larval parasitism in Yangmlnshan area. 



21 Chinese Cabbage Entomology 

no significant parasitism by Diadegma was observed. The reasons for such low parasitism by this 
parasite are not fully understood. 

All instars of diamondback moth larvae were parasitized by Apanteles. The average parasitism 
was 28.6% for the combined sample of the first and second instar, 41.7% for the third and 28.3% 
for the fourth instar diamondback moth larvae. 

None of the farmers used chemical in;ecticides and only Bacilhs thuringiensiswas used to control
caterpillar pests, such as Trichoplusia hi, Pieris rapae and Spodoptera spp. A large number of S.
litura adults were trapped in the sex pheromone traps. However, this pest still caused some damage
especially at the base of the cabbage head. This damage was visible only when the cabbages were 
harvested. 

Studies on Various Aspects of Diamondback Moth Parasitism 

by Diadegma eucerophaga and Apanteles plutellae 

Summary 

Biological studies were conducted on two larval parasites of'dianiondback moth (DBM), Diadegma
eucerophaga and Apanteles plut'llhC, to understand tile nature of their parasitism and facilitate their 
use for controlling diamondback moth. Diadegmta prefers lower temperatures (15' to 25°C) than
Apantelt's (2G0 to 35°C). The second and thid instar larvae were preferred over the first and fourth
instar for oviposition by Diadegntawith no parasitism at all of the fourth instar DBM larvae. ,.lpanteles
parasitized ill instars of its hosts. The second instar larvae were slightly preferred over the other instars.
Both parasites were able to parasitize equally the larvae of insecticide-resistant and susceptible strains
of DBM. Among the insecticides, all lormulations of Blacillts turingiensisand insect growth regulator,
CME-134, and a selecti ,e aphicide, pirimiphos, were not toxic to either parasites. A synthetic
pyrethroid, deltamncthrin. was highly toxic. 

Introduction 

Diamondback moth. Plutella . vlostella L. (Lepidoptera: Yponomeutidae), is the most destructive 
insect pest of economically important cruciferous vegetables in the tropical and subtropical regions
of the world. In Asia, the pest problem is aggravated by excessive and indiscriminate use of insecticides
which has led to the development of resislance in most strains of this pest to practically all commiercial 
insecticides presently being uti~ized for its control. As a result, despite the availability of chemicals, 
this pest cannot be controlled readily.

In 1981-85, therefore, AVRDC introduced a larval parasite, Diadegnmi euceropliata Horstm
(Hymenoptera: Ichneunionidac), from Indonesia. This parasite and Apanteh's plutellae Kurdj

(Hymenoptera: Braconidac), which is native to Taiwan, were mass-reared in the laboratory, and after

initial succe sful tests on AVRDC 
 fields are now being released on farmers' fields to combat 
diamondback moth. In addition to mass-rearing and release on farmers' fields, certain tests in the
laboratory were also conducted in 1987 to characterize the nature of parasitism. In particular the ef'fect 
of' temperature, diamondback moth larval instars and diurnal variation on parasitism, and the toxicity
of various types of insecticides to the parasites were studied. 

Materials and Methods 

Effects of temperature on parasitism. In this experiment, the parasitism of diamondback 
moth larvae by D. ewcerophaiga and A. plutelhac was studied. One hundred newly emerged adultsof both parasites were maintained at a particular temperature for 12 hours to acclimatize them at that 
temperature. A cabbage seedling with 200 second instar diamondback moth larvae on its foliage was
then placed in the cage containing adult parasites. The parasite and diamondback moth larvae were
maintained at a particular temperature for 36 hours. The DBM larvae were then removed and maintained 
at a rearing temperature of 25°C. When they all turned to pupae, their number and that of the parasites 
were recorded and the percentage of'parasitism was computed. This study was conducted at 10', 15', 
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200, 250 , 300 and 35°C. At each temperature, three cages were used; each cage represented one 
replicate. 

Effect of larval stage on parasitism. Inthis experiment, the parasitismn by both Diadegma 
and Apanteles of various instars oI'dianiond!'lack mioth larvae was studied. One iLindred dia:nondback 
moth larvae of each of the lour instars were transferred on one-month old cabbage seedlings. Larvae 
o'a particular instar were transferred on four seedlings, each seed!ing representing one replicate. 
The seedlings with larvae were then cxposed to two- to five-day old adults of Diadegnuor/Ipanteh'.. 
maintained in large cages. After 24 hours during which the parasites ovipositcd iinthe dianondback 
moth larvae, the calbage seedlings wit h larvae were transferred to other cages ill a rearing room to 
allow larvae to beconie papae. When all the larvias pu pittedsd, tle a inber olparasite and I)BM pu'pae 
were recorded, and the percentage 01 parirsit ism was calculated. 

Parasitism in two DBM strains. In this epcriment the inliluence of various larval strains 
of dianioldhack a ot on the parasitisii by was studied. Two stla ins. Olleih )ide,'gma and AlI teh,.v 
insecticide-sLsceptible and one insccticide-resistant, were compared. The susceptible strain was 
niaintai ned at AV RI)C an id roitinly aiass rcaring parasites for at least 40 generations.was tised folr 
Pupae of the highly-resistant strain wer collected from .Idiu township and rCared ill the laboratory 
along with the susceptible strain until adult,s Cierged and laid eggs. TwO ItMIrad secolld ilsta r larvae 
of each strain \were placed oil iwo polled cabbage seedlings illa ildividuil 1vh01ri net cage itld exposed 
to either parasite for ovipoisitioti. IEach cagCe. contailing 2010 larvae of each strain. iepresented one 
replicate, and there were three replicates for each strain. After one day expoisure to the parItsite alults, 
the larvae werc transferred to rearing cages and muaintailied in a rsarilig rooi until all becaiIe ppae. 
At this stage, the 1taiiber of 1)13M anad parasite pipae c recorled and the percentage oL pa rasitisili 
wits calculated. 

Insecticide toxicityto parasites. Four insecticides of diflerent itiodes Lit action %were used 
at twice the recoLiniendd rates These incItided I ttr Iiora lations olBacilhs tluringiesis at equivallent 
coicentration of I kg product/hia, CMF-134 15 .Cat 75 Ca.i./ha, dslttiethrin 2.81C at 1(0 g a../ha. 
and piriniicarb 50WP at 500 g a.i./hi. Twenty .,llanuh's or O)iih'e, ,na adlIts 'ere released inside 
an acrylic jar (I5 ci diaieter, 31) cilheight). TWo pIlffs of insecticide spray 'ront a pra\ gu lltoiiizer) 
were app'cd inside the.jar holding the piara Sits. This liquid voilutmie was CLal to the aillotllll ittypical 
fuil-grown cabbages eedling wouldIrcCeive when the liLluid starls dripping. It was also equal to aboIt 
I ,A)t liters/ha. Soon afler spraying, itplastic sheet sriieared vilh hoLncv ,,'isliing inside the.iar. This 
F,.rved as food to the parasites. The control treatinlents received 0luily water spra). Insect iiortaliI 
was recorded oi e and tihree days after the treatrlilt. 

Diurnal variation in parasitism. Thirty p)airs of ole- to two-day old atults of either parasite 
were conuiied in each of the two nyloni net cages. At 0500 Ii 100 second instar diaiondback nioth 
larvae placed oina full-grown potted ca bbagce ssetllini eweiL :1'uducCd in le parasite cage arid 
maintained inside tinlil 1700 Ii. One cage was coverCd with black cloth. At I /0 h !hecabbage seedling 
with old larvae was IrCaiiVed aad ttraisfeIcrred to a rearitiLC roin, an Y Ir Lit of 100 secLltn iiistar 
diaiiondback nioth larvae was introduced inside each parasite cage ill a siriilar Milarirer. O()e cagL 
was placed tinder ctOiltiiLiutLs light in the samtre roo1. The insects \were maintained inside the cage 
until 0500 Itthe next day. At this time. the cabbage sCCdliags with diaiondback iloth Ii:rvae were 
reantved and placed in a rearing roomi. This experilielit was repeated three days inl a row. The 
dianamondback ioth larvae were reared tintil they all pulpated. The nuniher of parasites and diarondback 
rilth pupae were recordLed and the rate of parasitisi was calcuated. 

Results and Discussion 

Effect of temperature on parasitism. The results of the rate of parasitisni by both Diadegima 
and lpanle/esat various teniperatures are suMinirized in Figurre 2. At 15", 20' a1Ld 25'C. parasitisli 
of the diailiondback inoth larvae by Diadegina wts very high, 85% to 96% . There wits 11osigni ficarit 
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Fig. 2. 	 Parasitism of diamondback moth larvae by D. eucerophaga and A. 
plutellae at various temperatures. 

difference amioneg the three tefnlrcratue,. The ipiasitism rate was moderate at 30'C, but at both
" extremes, 10' and 35 C. paraiitis ias adversel\y affected. Diadegna adult mortality was high at 

35°C and to some extent at 30'C. 
At present, in tie tropics. crucifers are rown in the relatively cool highlands where temperature

rarely exceeds 30"C. In such places tile teniperature is ideal lor establishment of Diadegina. In certain 
areas in the tropics. such as ' an. where relatively cooler winter temperatures make it possible 
to grow cruciferous vc,,ctales in tile lw lands. Diadc'ma has the potential to be established. nd1ccJ, 
three y'ears after its introduction, this parasitc now occurs regularly at tile AVR DC campus during
January. February and March. No infr.iiation isavailable on its summer habitat and alternate hosts 
in Taiwan. 

,,ittitt'l1/.S on the oilier hlid, \ils quite active it high teinperatures between 200 ind 35°C as
its parasitism of diamondback inoth larvae \was heblween this temperature range. This parasite,
therelbre, is suitable for establishment at the rel itively high temperatures of the lowland winter or 
sUliner where cruci fers can be gr wn. .- tlam+,1, is present lii Taiwan tl Lrtughot tie year when and 
where crucifers are grmn and insecticide use is limited. 

For successful control of dianondback moth where crucifers are gro %n tinder widely fluctuating 
tImpe)ratu11lres, release of both parasites setins to be ideal. 

Effect of larval stage on parasitism. The rates of parasitism by hoth Diatdegma and 
,paIi'll e of ftimr different iistars tf diamiondback tnoth larvae are su n i cd in Table 3. Dialegma
parasitism of the second and third instar larvae was significantly higher than those tf the first and 
lburth instar when these larvae were off:red for o\ ipsition. The )rcference Ior the second and third 
instar could be due to tile higher preference of the parasite for oviposition or larval development arid 
possibly easy [mpa ion. The period bet weei the seCO d atnd ihi irdl instari a1iit ptlpit)if I)BM a.hSO
coincided with the peritod required h\ I)iadV'gmo to deCelop Irthir cgg to pupa. This synchronization
helped perpetuate the parasite ptlulation. The first instar larvae seem to be too small for fcmale 
Diath'gnunstvipositor to puicture ar1d lay Ce1s in. On tile ter hand. the duratiniti between I)BM s 
fou rth instar and pupation is tt shot rt I'()r successflI ctmlpletion ol Diadegma development from egg
to pupa. Hencc, the parasite probably does not lay eggs in these larvae or the eggs perish when these 
larvae become pupac soon after oviposititi. Second instar dianiondback mothIlarvae are now used 
lbr parasite mass rearing. 
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Table 3. 	Parasitizatlon of various Instars of diamondback 
moth by Diadegma and Apanteles. 

Parasitism (%)zLarval instar 
Diadegma Apanteles 

1st 22.5 b 75.7 b 
2nd 70.0 a 94.1 a 
3rd 79.0 a 77.7 b 
4th 0.0 c 65.9 c 

zData are means of four replicates. Mean separation in each vertical column 
by DMRT. 

Apanteles parasitized all tour instars of diamondback moth larvae. The parasitism was highest 
during the second instar larvae stage (Table 3). The first and third instar larvae had a similar rate 
of parasitism. Unlike Diadegma, Apanteles parasitized the lburth instar diamondback noth larvae. 
Apparently, Apanteh's development is accelerated when the parasite lays eggs in the fourth instar host 
larvae so that it can pupate at the same time as the host larvae, since both parasite and parasitized 
larvae pupated simultaneously. The ability of Apanteles to parasitize all instars of diamondback moth 
probably makes it a better parasite over Diad'gnia, since in fields where both parasites were released, 
a greater percentage of diamondback moth larvae were always observed to be parasitized by the former 
rather than the latter. 

Parasitism in two DBM strains. No significant difference in parasitism by either Diadegma 
or Apanteles was observed when a diamondback moth strain from Luchu, which is highly resistant 
to insecticides, or from AVRDC, which issusceptible to insecticides, were exposed to the parasites. 
This implies that the development of insecticide resistance in the diamondback moth, which is a common 
phenomenon in tropical-subtropical Asia, will not hinder establishment of either parasite. 

Insecticide toxicity to parasites. The mortality of Diadegma adults exposed to various 
insecticides are summarized in Table 4. Dipel, a representative among several Bacillus thuringiensis 
formulations, was not toxic. This is because B. thuringiensis is a stomach poison and needs to be 
eaten to be effective. B. thuringiensis has no contact toxicity. In nature, adults of Diadegma feed 
on honeydew secreted by flowe,'s, an6 thus are not exposed to B. thuringiensis. Hence it is not tide 
to the adults. Similarly CME- 134, typical among the newly developed groups of insect growth regulars 
(IGRs), does not show any contact toxicity ,oDiadegma adults. These IGRs are also stomach poisons 
and need to be ingested. IGRs are effectike only against larvae which are actively molting from stage 
to stage. Hence, these chemicals, which are becoming increasingly popular in diamondback moth 
control, arc not toxic to adults. Pirimicarb, a relatively selective chemical against aphids which is 
frequently used to control them in crucifers is not harmful to Diadegma despite its contact action. 
However, deltamethrin, a commonly used nonselective synthetic pyrethroid, is extremely toxic to 
the prasite %,henused in diamondback moth control. Identical results were obtained when Apanteles 
was exposed to these insecticides in similar manner (Table 5). In this test, four 3. thuringiensis 
formulations were used instead of one. All were nontoxic to Apanteles. 

Table 4. 	 Toxicity of certain insecticides to Diadegma 
eucerophaga adults. 

Mortality (%)ZTreatments 
1 day 3 days
 

Dipel 1.2 b 32.5 b 
CME-134 1.2 b 17.5 b 
Pirimicarb 2.5 b 11.3 bc 
Deltamethrin 100.0 a 100.0 a 
Control (water) 1.2 b 3.7 c 

ZData are means of four replicates. Mean separation in each vertical column 
by DMRT. 
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For successful biological control of diamondback moth, chemicals with nonselective contact toxicity 
should not be used. For the control of caterpillar pests, B. thuringiensis or IGRs like CME- 134 can 
be safely used. Tl'cse insecticides will also help control diamondback moth without harming the 
parasites. For the control of aphids, occasional sprays of pirimicarb will not harm the parasites. 

Diurnal variation in parasitism. Both parasites laid eggs in the host larvae only during the 
light period and were unable to do so during the dark period (Table 6). Light, rather than the diurnal 
rhythm, was thus important in the oviposition by the parasites. Parasites apparently locate their hosts 
visually, hence parasitism is greater during the daytime and when there is light. 

Table 5. Toxicity of certain insecticides to Apanteles plutellae adults. 

Treatments 
1 day 

Mortality (%)z 
3 days 

Dipel 0.0 b 2.5 c 
Bactospelne 0.0 b 6.2 c 
Thuricide 0.0 b 16.2 b 
Local Bt 0.0 b 16.2 b 
CME-134 0.0 b 2.5 c 
Pirimicarb 1.2 b 2.5 c 
Control (water) 0.0 b 0.0 c 

ZData are means of four replicates. Mean separation in each vertical column by DMRT. 

Table 6. Effect of light/darkness on parasitism by D. eucerophaga and A. plutellae!z 

Parasitism (%)Time Light
condition D. eucerophaga A. plutellae 

Day Normal 97 a 80 a 
Dark 4 b 8 b 

Night Normal 8 b 9 b 
Lighted r,3 a 73 a 

ZData are means of three replicates. Mean separation in each vertical column by DMR1. 

Effect of Neem Extract on Diamondback Moth 

Summary 

Necem (Azadirachta indica) seed and China berry (Melia azedahrac) seed and bark extracts sprayed 
on cabbage leaves caused considerable mortality in diamondback moth, Pluel/a x vlostella. larvae. 
These treatments also adversely affected emergcnce of diamondback moth adults from treated pupae. 
Both plant materials showed a similar effect as the commercially used insect growth regulators. 

Introduction 

The extract of seeds of neem (Azadirachia indicah.a tree native to India, shows a strong feeding 
deterrent activity to a A'ide variety of insects, including species of locusts. The active principle, 
azadirachtin (CisH 44OI), is a linmonoid which occurs only in ncem and China berry (Melia 
az'darach). Azadirachtin causes metamorphic disorders in a wide variety of insects, yet it is 
nonmutagenic and has no apparent mammalian toxicity. This compound has generated wide academic 
and industrial interest because of its potential in insect control and is,therefore, an ideal candidate 
for vegetable pest control. The effect of extracts of necem and Melia seeds and hark on diamondback 
moth (Phtte/a xvloste/a L.), which is probably the most dcstructive pest of a wide variety of 
economically important vegetables such as Chinese cbbage, common cabbage, cauliflower, radish, 
etc., was studied. 
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Materials and Methods 

A sample of neenl seed kernel extract (NSKE) olundeternmined azadirachlint content was obtained 
from the Internaitonal Rice Research Inst itte IIRRI). A solilion of 1,00(ppm NSKF was imade in 
water and 0. 1S Citowett was added to act is it sticker. With tie help of an atormi/er, the solution 
was sprayed on cabbage leaves until they began dripping. The leaves were air-dried and second instar 
diamondback moth lar'vae were released On the detached lea\ves a i ntained at room ter peratu ire. Lar al 
development was recorded daiiI Until pu patii or- niortalitv. When the cabbage lea es becaile too 
dry or instfficient, they \were replaced ,Vsirmilarly treated :'liage. Several tests involvine utilization 
of 'ariots NSKIF concentrations. difflelrenl insect ,erowth stapes and riode of NSKIF application Were 
perlo rmed to understand ile NSK E mode of action. 

Powders of Melia seced s and bark were obtained froin Ire "laiwan Forestry Research Irstitu te, 
Taipei. These pow ders were suspenrded and stirred ifriot wa,.ter arid the water Clr.,'rct wais used lr 
treatments in a similar fashion as NSKIF. 

Results 	and Discussion 

The effect of applying two NSKtI concentrations a.rd different post-treatirent feeding riodes oi 
I)BM are suiiiarized in Table 7. An NSKIF at I .00(0 pprt caused significant larval mortality over 
the tirtreatcd check. It also sigrnificartl,, reduced pupation. Insects that failed to pupate also died after 
normal pupation tin. An NSKI- conceritration of 50(1 ppn \%,as riuch less active. Fletween two tests 
with 1.000 ppn NSKIi. the greater the ainotint to which insects w\ere C\posed throughoul the grm\ tl. 
the greater \was the niortalit\ ard the lesser v'as the pupation. Tlne node of diariuoudback rioth iiortality 
was riot in\vestiga1ted, but several past studies indicated that NSKI interfelres wvith tlie proccss oflloltirig 
in insect larvae. 

The effect of spra ilg diamondback 111o1th uLtpac w\ith NSKIi ard Aclaabark ard seed extracts 
onl the Cliergellce of dialli indback 1i1otti adults was studied in t separate e\pcirliettts. Theiitamiicals 
\were spraye\i on diarmititdback miio01i pupat pi.ced on cabbage leaves until tle slpra liquidIlstlrtCd 
dripping. ll' trelled pupaii \%ere iinriinied on the same elaes ill the labloratolr\ until adtlt ertierg,.uie'. 
The results are sutiimaried iiTable 8. 

An NSKF cortccrntration atI .)001ppm arid above ad\ersely aficCted the eCegence Oi [)BNM adults 
from pupae. Aflia hark extractllt 10,00(0 ppni \as notleffective, but Melia seed extlract at Ihlat 
concentratior wasi re effectik e than neetii up to 2.000 pptl in the first test. The adull ernergence
in the Alelia seed extract treaitlllent \\.st sigmmficatl. less than inl the bark ,reatnilrrt aind it equalled 
neern at Ip1.00()1 it tlisecond test. 

In additti the oviposniittl otdiatiiiitdback moth ofn NSK li-treated cabblage and topicll tox icit\ 
ofl these extracts to tie ,eeonil irina t dianionllback iothit lara\e \\ere ct1liIed. bu the results wkere 
Ilt corsistent. 

Table 7. 	Effect of two concentrations of NSKE and post-treatment feeding on diamond
back moth larval mortality and pupation. 

Test NSKE concentratiorn Mortalityw Pupation"
(ppm) (%) 	 (%) 
500 17 a 76 b
 

check' 0 b 99 a
 
IIF 1000 81 a 0 b
 

check 2 b 97 a 
illy 1000 67 a 12 1) 

check 2 b 97 a 
zConsurned foliage was rep~laced everyday by treated leaves "Treated fola e was utfered only on iite first 
days, untreated foliage was offered as replacement dail thereafter. Wter spra;y contained 0.1 
Citowett. WMean separation ineach vert:cal column by DMRT Second instai diamondbtck moth larvae were 
used in all tests. 
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Table 8. 	Effect of spraying DBM botanicals on the rate of emergence of diamondback 
moth adults. 

Concentration Adult emergence
 
Botanicals (ppm) (%)
 

I test I test I test" IItest z
 

A* 80 abcNeern 	 500 
1.000 1.000 63 c 58 bc 
1,500 	 73 bc * 
2.000 70 bc *
 

Melia bark 10,000 10,000 85 ab 75 ab
 
Melia seed 10,000 10,000 45 d 28 c
 
Control (water) - 85 ab 100 a
 
Control 93u 1GOd 

'Not tested /Mean separation ineach vertical column by DMRT. 

Testing of Bacillus thuringiensisFormulations and Insect Growth 

Regulators for Diamondback Moth Control 

Summary 

Certain oi,ly dcvclOpcd insect grmoth regulators and ftirmulations of Baillus hurim,'ien.sis were 
tested tor the contril oftIiil'tid hack itoti. Phiella *vlio.sl, and imiported cabbagew( r (Pieiris 
rapac), in t%( ficld tests. Insect ar wth regulators HAS 166801 at 60 a.i./ha. PI170-23 at 75 g 
a.i./ha, WI.1151 Ia)at 5o i ai;ha. IKI7,99 at 50 e a.i. 'ha and CMIF-134 al 37.5 g a.i./ha g:tve 
good clntrol ohi itlipests. Aliong BaItiU thu rin'iu'nsi. firmulat i(s,ThUricide gave Iie best control 
over bath pests, resulting ingreater yield comp)ared to four other lornulatiations. 

Introduction 

especially vegetablcs where quantityInsecticide,, play an imtortant role inthe protection of tcrps,
and quality it the pirdtic determine the net incotme. Insecticides are widely used by vegetable fariiers 

in Asia, especially ti contrtl tiallitndlack t01ith1. Ilit('ha 'v/Oxle/a L. dC1idoptera: Ypoo utieltidac), 
which is the nISt dsCtruclivC pest if' crucilers thlrlOughLtut trtpical-subtripical Asia. As a result of' 
indiscriminate use o1 insecticide, diationdlack nioth las becone resistanlt to practically all classes 
l1i iIS cticidsC prcsettly being Used. '[le indiScriiltinatC use at" iscticilC als( kills parasites and 
predators of diitiu~mdhck illoth,as ,,cllas Ihose li other crucifer pests, which tend to be llore sensitive 
thlln the hoist insec t Illhese clietic-aLs As a result. the diamondhack Illli has becottme an even lltlre 
serioLus pCst thain it beforethahe w dcspread tise of cliett'ical insecticides. Rectily a new class 
of chCnicalS clllCd itisM erow th regllatitrs tI(R). which are specilically toxic tot caterpillar pests 
and safer to natural eiceitics. have been synthesiied and are being registered in diTcrent countries. 
Thesc chittica, 11a, c the potential to ievery utsell in interated control if \,ariois caterpillar pests. 
Itt 1987 tmo experiticnts which tested sme of, these chemicals along with a f'or1nultion of a wcll
ktown bacterial insecticidC. Bacil/ax thutringiesis. were cotductcd to cittrol dianionlback moth 
itls tl 1o1i claball'lii, C0111111011 C. 

Materials and Methods 

The pracedu rcs were identical to the ones described in the AVRDC publication titled "Vegetable 
Pest Control: Insecticide Evaluation Tests'. In brief, each test included nine insecticide treatments 
and one untrCatcd c'hcck. Each chcitical was sprayed using an air-pressurited sprayer tce a week 
t0 lCsignatcd plilts itt 3.3 in x 4.5 in sitc. Each treatment had four replicates arranged ina randotnized 
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complete block design. Insecticide spraying was initiated from about two weeks after transplanting
and discontinued a week before harvesting.

Insecticide efficacy was evaluated at intervals, usually a day before the next weekly insecticide
application. At each interval, the number of diamondback moth larvae and pupae found in 10 plantsrandomly selected froni each plot was recorded. When imported cabbageworm, Pieris rapac L.
(Lepidoptera: Pieridac), infestation became serious during the experimental period, the insecticide 
treatments were also evaluated for P. rapaecontrol in a similar manner as DBM. At harvest, all cabbages
were harvested arid the weight of marketable heads in each plot was recorded. From this data the
weight of each head in every plot was also computed. The insect count and yield data were analyzed
by analysis of variance and means were separated by Duncan's multiple range test. 

Results and Discussion 

The results of an experiment with insect growth regulators are summarized ini Table 9. All insect
growth regulators gave satisfactory control of dianiondback moth and Pieris rapae. There was no
significant difference between 60 and 90 g a.i./ha BAS 166801 treatments. Aniong three PH70-23 
dosages, the 37.5 g a.i./ha rate did not give as good control as the higher rates. WLI 15110 at 50 
g a.i./ha was as effective as CME-134 at 37.5 g a.i./ha. Although Diaract-M at 75 g a.i./ha gave
as good diamondback moth and Pieris apae control as CME-134 at :7.5 g a.i.lha. Diaract-M is
totally unsuitable for integrated control of any pest because it contains a syithetic pyrethroid, fluvalinate,
which is highly toxic to parasites. Karate, a synthetic pyrethroid, was unsuitable for dianmondback 
moth control. The insect populatio iand yield in this treatment were similar to those of the untreated
check. All effective insecticides significantlv increased cabbage head size and marketable yield.

The results of tests with Bacilltus tlttringnisisformulations are sunimarized in Table 10. All B.
thurintgiensisformulations gave excellent control of P. ra 'e but they were slightly less effective against
diamondback moth. Among these formulations, ABG162 was distinctly less effective against bothinsect species, resulting in lower yield in this treatment than in others. Two organophosphorous
conpounds. salithion and proflnofos, did not satisfactorily control diamondback moth but were very
effective against P. rapae. Both insect growth regulators, IK17899 and CME- 134, gave excellent insect 
control and these treatnients gave the best cabbage yields. 

Table 9. Evaluation of Insect growth regulators for the control of DBM and imported 
cabbageworm (ICW) on common cabbage.z 

Number of insect larvae + pupae/10 plants Market. Market-
Insecticides 87/1/26Y 87/2/23 87/3/9 87/3/23 ads yilda.l./ha)  heads yieldDBM DBM 1CW DBM ICW DBM (kg/head) (t/ha) 

BAS 166801 5OSC 60 22.2 a 7.2 c 4.2 b 2.0 c 2.7 b 2.2 c 2.58 ab 81 aBAS 166801 50SC 90 21.7 a 6.2 c 6 2 b 1.5 c 1.5 b 2.0 c 2.44 ab it) auPH70-23 10EC 37.5 29.5 a 13.7 c 2.0 b 16.2 c 1.7 b 13.5 bc 2.31 b 71 b
PH70-23 IOEC 75 35.0 a 10.0 c 1.5 b 6.0 c 0.2 b 5.2 c 2.46 ab 75 abPH70-23 1OEC 112.5 30.7 a 5.7 c 2.2 b 3.5 c 1.0 b 6.0 c 2.52 ab 78 ab
WL 115110 5EC 50 34,7 a 4.5 c 2.2 b 1.7 c 1.0 b 3.2 c 2.51 cb 79 ab
Karate 2.5EC 50 32.5 a 37.0 b 1.7 b 159.7 a 3.5 b 57.5 a 2.04 c 62 cDiaract-M' 15EC 75 38.0 a 2.7 (; 3.2 b 1.0 c 0.5 b 0.0 c 2.69 a 85 aCME-134 15EC 37.5 21.7 a 3.7 c 3.7 b 0.7 c 1.2 b 1.2 c 2.66 a 84 aControl 30.2 a 51.5 a 45.5 a 100.0 b 44.2 a 26.7 b 1.81 c 56 c 

lCultivar KY, Cross. Transplanted 6 January. 1987 and harvested 31 March 1987: lns cticides applied 27 January, 3. 10, 17.24 February and 3. 10, 17 March 1987 Data shown are means of four replicates; Means in each vertical colUmnr followed byth5 same letter are not significantly different at the 5% level according to Duncan's multipie range test Pot size: 15II . Observation made one day prior to the initiation of insecticide spraying A commercial mixture of 5% CME-134 and 
10% fluvalinate. 
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Table 10. 	Evaluation of Insecticides for the control of diamondback moth (DBM) and 
imported cabbageworm (ICW) on common cabbage.' 

Number of insect larvae + pupae/10 plnts Market. Market. 
Insecticides Rate (g 87/1/26' 87/2/23 87/3/9 87/3/23 able able 

a ONba) heads yield
DBM DBM ICW DBM ICW DBM (kg/head) (t/ha) 

Bactospeine5 500 12 7 a 23.2 cd 5.0 c 28.7 b 3.2 c ',9.0bc 2.25 bcd 70 bcThuricide x 500 12.7 a 16.7 cde 2.5 c 16.2 c 1.0 c 21.7 d 2.40 abc 76 ab
 
Dipel" 
 500 15.5 a 25.2 cd 3.2 c 31.0 b 1.7 c 66.5 ab 2.09 de 64 cd
ABG 162' 500 23,2 a 28.5 c 18.5 b 45.0 b 15.5 b 52.2 abc 1.94 ef 58 de
Local Bt" 530 19 0 a 31.7 bc 5.0 c 28.7 bc 3.0 c 43.0 c 2.24 bcd 70 bc
Sallthion 25EC 500 16.5 a 54.5 a 3.7 c 71.7 a 4.0 c 70.2 a 2 17 cde 66 cd
 
Profenofos 5OEC 
 500 152 a 11 7de 0.7 c 23.7 bc 1.0 c 38.2 cd 230 abcd 70 bc

IK17899 5EC 50 112a 2.2 e 35 c 17 c 1.5 c 
 0.7 e 2.48 ab 77 ab
 
CME 134 15EC 375 20.2 a 3.5 de 2.5 c 
 0.5 c 1.0 c 1.2 e 2.54 a 81 a
Control 	 182a 48.0ab 365a 757a 372a 2)l9c 1.71f 52e 

.Cultivar 8 Y Cross Transplanted 8 Jariury 1987 and harvested 3 Apri 1987. Insecticiuo applied 27 January. tO, 17. 23.
24 February. 3. 10. 17 1987. Data sthomn nla tour replicates Means in each vertical column follo,.ed by tiheMarch are eri ot 

'
 same letter are not signlficarntk (ifferent In 5 . leel accor( ing to Domcan's Multiple Range rest, Plot size 15at 
ri1 Observation iade one day prior to tie initiation o inseCtlicide spraying Iacilus thurngiensis 

http:follo,.ed


Mungbean Breeding 

Hybridization 

Summary 

TO cotlibine high yield, early and tnilbrinriraturity, and diseawe resistance, single plants were 
selected Iro iii the se. regat ing populit ion derived fron the 1986 Iactorial design hybridization and 
intercross.d to flirther generate recombinations and hreaking of linkage blocks. In the fIal season.
lhe single plants selected from the first segregating generations wvre advanced 1v selling and crossed 
with 'our clite iunlbean lines, VC 3890A, VC 2755A. VC 2768,\ and V 3720, to introduce more 
tlarahl alleics in tile gene pool. The perlormace of*each pIopulalion will be evaluated in the advanced 
ocnrat on I*Or desirable traits. 

Hybridization and Selective Mating 

'Io colline hich yield. early and unilorm nialtiril. and disease resistance. 20 hreeding lines 
and accession , wee seleed and crossed systematically based on a factorial design II in 1986. This 

Car, bo(h in ,pring (32nd cros,,ing block) and in suinier (33rd crossing block). single plants with 
desirahle characters were selected in the first segregating genieration. They were ,Iso sell'ed and 
mntercrossd to furiher 2cn.rate recorubinatious and break Ihe linl~age hlocks in all directions toward 
the chosen objectives. In the Ifall seasonl, single plants were selecled 1lron thle segregating generation 
and advanced h\ sell ine as well as crossed with Iir inn ngihnall ClIlivars, VC 3890A, VC 2755A. 
VC 2768A and V 3726. to inmtroduce iore I'avorable allcles into the gene pool. The perlornance of 
each population cvhcl, I - inrerhaling once: cycle 2 - intermatin twice: and cycle 3 -- inlorilnting 
thrice, tc.) ill be valated in ad\anced cneralions for desirahle characlteristics. 

Implications of Genotype x Environmental Interactions 

in AVRDC Mungbean Yield Trials 

Summary 

Because yield trials conducted over Vears arid Seasons IeCtlire Considerable expenditure of resources. 
estimation of' geno!vpes × enviroruental components will he uselil to ohbtain informaition on the 
optimumiuti hCr and allocation of' replicates, seasons and year. Data fron two years ( 1984 and 1986)
and lhrce seasons (spring. sumrirer and Iall) irvolving 10 elite mnngbear lines wvere used in this analysis 
to estimalc genllopc x environmental comllponents. Based ott the results, it was concluded that yield
trials CordtRicd over three years. three seasons and three replicates woUld tlihe most cOst-effective 
and realistic Ior ritnghean yield trial evaluation at AVRID'. 

Introduction 

Yield trials conducted to conipare elite lines with standard chec.ks are iimporlant ilt crop inmproverient 
programs. Selected nurght'an breeding lines are conselumentl ) evaluated at AVRDC in replicated yield 

~~Y 0-u i, ' 
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trials for at least five years in three seasons, namely, spring (March-May), summer (July-September) 
and fall The existevce of X environmental interactions and their(September-Noveniber). genotype 
limitations on progress from selection are widely recognized, and has been extensively reviewed in 
the literature. Knowledge ot the type and extent of genotype X envirounenlal effects of a particular 
crop improves the efficient use of available resources, more appropriate use 01' selection inetnods, 
and r!ore genetic gain over time. 'he yield trials conducted over years and seasons require considerable 
expenditure of resources. Accord ingly. it .;eemed desirable to obtain the magnitude of genotype x 
year. genotype x season and ),e notx.pe x year X season inte ract ions in the yield trials. Using these 
estimates, it is possible to obtain inferiation oi the optimum ntuniber aind allocation of replicates. 
seasons and year tIiat shILld be usLLd in vield trials. '[ere li.e. tilepurpose olthis study was to estimate 
the genotype X eivironnental interaction components and discuss their implications il iungbean 
inliprovenent. 

Materials and Methods 

Data fbr two years (1984 and 1986) and three seasons (spring, summer and fall) I0involving 
elite lines were used. The experimental details of the,_se trials were: randomized comlplete block design 
with three replications: 3 plots of16 x I in-per plot as the experimental unit; two rows per plot with 
50 cii between rows and 10 ci within row spacing: aid two seeds per hill. Standard AVRDC cultural 
practices were adopted. ThI'e l1tklhlwing Variales measured for each plot were used in this analysis: 

" 'otal seed yield adjusted for 12,"' nioistuIre level.
 
First harvest yield


" First harvest p1ercentage - .. - X 100
 
Total yield
 

" Mean number of pods counted oilfive randonl'ly selected plants.
 
* 1000-seed weight = (weieht of I(Xt randomly selected seeds x 10).
 
" Mean inaturity index (dass M)ays froml planting to each harvest x
= - --I'----.. yield at each harvest) 

"l'otl yield 

Statistical analysis. Data Wsere subjected to a co nhined analysis of variance. Years and 
genotypes were considered raniLdoni and Seasons were considered as fixed. 

The form of the analysis of variance and tie imlean square expectations are givei in Table I 
Significance of the \ariancc components was determined using tie appropriate I' test dictated by tile 
nean square expectations. Pseudho F test, approxiniating degrees of freedhil (d') for the denominator 
was used whCI two ()rmore iean SLuare wkere conilineLl. 

2'uV $ gs o-gys 6 
Expected variance of genotypic ii:an (ix . --- '- ±+ - + +-y s y's rys 

where y. s. r are the numbers of years, seasons and replications, respectively. 
The Gx for different coibinations ranging Ir ,nu one to six years, two to five replicates and three 

seasons were COilpuLlC for each variable and the optilLuil allocation of) and r tinder constant number 
of three seasons were: eStiniaeLl. 

Table 1. Expected values for mean squares. 

Source of variations' Degrees of freedom Expected mean squares 
Genotype (g) (g-1) h2 + rs 2 gy + rsy h g 
Genotype x years (y) (g-1) (y-1) 52 + rs 2gy 
Genotype x seasons (s) (g-1) (s-i) 62 + r6 2gys + rg 6gc 
g x y x s (g-1) (y-1) (s-1) 62 + r6 2gys
Error y x s x (g-1) (r-1) 62 

ZGenotype (g) random effect = 10; years (y)raidom = 2; seasons (s) fixed = 3; replicates (r) random = 3. 



33 Mungbean Breeding 

Results and Discussion 

Summaries of seed yield and its related variables averaged over genot,.prs, years and seasons 
are presented in Table 2. All variables were significantly different for genotyces, years and seasons.
The differences between two years were significant for all variables except first harvest percentage.
The significant first order and second order interaction effects involving year might be caused by 
severe yield loss due to typhoon during the 1986 summer season. 

Estimates of pertinent variance components are presented in Table 3. The relative importance
of tie source of variation was indicated by tie magnitude of the corresponding component. The
genotypic Component of the variance was srcater than the interaction components for seed weight
and vice-versa for seed yield, first harvest percentage, pods/plant and mean maturity. The second
order interactions of &62gvswere of considerable magnitude and greater than those of the first order
interaction IfOr seed yield. This indicated one or more aspects of environnients for which the pattern 

Table 2. Effects of year, season and genotype on seed yield of mungbean and its related 
variablesz in mungbean. 

Environment (t/ha)YLD FHP PN SW MM(%) (no.) (g) (days) 

Year 
1984 1.49 75.6 	 57.512.4 	 80.61986 1.32 72.5 	 56.38.4 	 72.9
Significance levels NS * * * 

Season
 
Spring 	 1.89 69.7 10.4 55.1 82.0
Summer 	 1.23 75.4 13.1 55.9 78.2
Fall 	 1.11 77.3 7.8 59.6 76.4 
Waller Duncan's 
MSD (KRATIO 100) 0.64 3.4 0.70 1.02 0.65 

Genotype
V 2010 	 1.20 66.9 7 .4 61.8 78.9V 2984 	 1.31 77.4 12.4 40.5 75.6
V 3476 1.32 73.0 	 47.811.9 	 76.5
V 3726 	 1.38 82.5 9.5 64.0 74.3
VC 1628A 	 1.42 75.3 10.4 56.7
VC 1973A 	 1.46 78.6 10.5 62.2 

76.1 
76.3VC 2750A 1.47 /2.7 	 51.811.0 	 77.9

VC 2755A 	 1.45 72.5 9.6 66.6 77.2
VC 2764A 	 1.45 68.1 11.2 56.1
VC 2768A 1.63 73.9 	 61.3 

78.2 
10.4 	 77.7 

Waller Duncan's 
MSD (KRATIO = 100) 0.28 6.9 1.37 1.85 1.36 

ZYLD = seed yield/ha; FHP = first harvest percentage; PN no. of pods/plant: SW = 1000-seed weight; MM 
= mean maturity: 	 and I*' significant at P = 5% and 0.1%, respectively. 

Table 3. 	Estimates of variance components for seed yield and related variables In 
mungbean. 

Va ria b le s .. . . . . . . . Estimate of variance component. . . . . ., -	 . . . . . ., . . . . . . .  -o__g 6gy 6'gs 5-gys 6
 
Total seed yield 4.82 12.92 0' 36.10 40.10
First harvest % 1.2,. 29.00 4.0 20.10 101.50
Pods/plant 	 1.20 0.90 0.9 2.70 4.80
Seed weight 65.50 0.10 0 1.00 10.00
Mean maturity 0.92 1.38 0 1.09 4.67 

ZNegative values for which the most reasonable estimate was assumed to be zero, 
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ot variation amnong seasons differs fronm year to year. The genotypic elfeet on the first harvest percentage 
was negligible and the first and second order interactions arid tlie error conponenlt of variance hlad 
sizable effect on this trait. This clearly indicated that the first harvest percenitage is hiighly influenced 
by season within a year and, therefoire. managment practices which enhance the first harvest percen tage 
in a given su:ason sho uldIIbe stuLdied. 

EnvironitmeritalI Iuclt niis d Ir'i ig the oroilh periid liay [lot be cons'stenIt over vears or seasioIs, 
Observation of' environmental condrioni suglgcstcd that the a'crac diurnal IcmpCrature. rairilall 
distribution, seasonal diversity of, pest aid diseases. coupled with dail1e of planting and date f'Iaturily 
were tie important I'ctors dCellIllillg tile relative prH1irlrrlan1ce of illrtieba1 Clllivars. 

The expected error variance ftor 'criot\pic ileani ()xI folm. a series of replicated Irials over sCveral 
Years in three seasons f r seed yield ard its related variables with varviri \.Cars aid replicales in 
three seasons are shovn iII Fi'ur'es I and 2. When the numbers of ,easons are kept constant, the (Gx 
dlCcrCases as tile iinuinikr tf yars and replicates increase., Ilbougb showing a decrease in ilicrlriiIs wilh 

CvCry Mditioral year and replicate. [ I, a criticall pOiiit is richeid is tbe clrVc slarts to level til 
beyInd thialt poill ;111incr'aseW in Ihe nuil er of' repfslicales or Vears, Ii'VidCS only I sirall in [aini.-Cisior. 

'reinds in decreases of (l. were" irillr for all five \aia siicluiline seleU and 2i.d \ icld ( Fi'Ures"I 
Alrhoueb tine reduction ill (i\. ile' 1t aill ilciclC ill replicates tromllt o ithiree, is rlot \cry 

siiZrifICarit tie USt wer Ihai three rleplicate inleach trial is riot sug., estcod because 1 tie rClaivelyICof 
large error component, less cost per replicate, and the possiblc but UlipredictablC "'rc'olSwhich 1iiav 
ruil tirle or inC I thC replicates. Iicralsiri heyond threC y'r llso did nor1 appear to be Ctost-Cllective. 

•y(0Se dO(.~10~ tt Me,anCf%+ki 
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Fig. 2. The expected error variance for genotypic mean (Gx) from a series of replicated
trials over several years in three seasons for number of pods/plant, seed weight 
and mean maturity In mungbean yield trials. 

ihceore, based On these esuIts, itcall he concluded thai three ycars, three seasons and three replicates
probably would be cost-cffecti\sc and realistic in decreasing lhe Gx for AVRDC mnumgbean yield trials. 

The 14th International Mungbean Nursery (IMN) 

Summary 

The 14th International Mungbean Nursery (IMN) trials, consisting of four national cultivars and 
16 AVRDC elite lines, were evaluated in many di\e,'se locations to obtain inl'ormation on adaptability
and on the magnitude of genotype x environmental interactions. The location was the major source 
of variation and attrihuted 76 ; of the total variation. Eight lines, V 3426, VC 2750A. VC 2754A,
VC 2768A, VC 2802A, VC 3004A, VC 301213 and VC 3061 A were considered moderately stable. 
Three accesion., V 2)10. V 2984 and V 3726. and two AVRDC lines. VC 1628A and VC 3012A, 
were highly sensitiye to environinental changes and were. thcrefOrc, less stable culhivars. 

Introduction 

'To l)rfOlidc inf'ormation on the range of adaptability and genotype X environimental (G X E)
interactions, IM N trials are conducted annually in many diverse locations worldwide. TheI 14th IMN 
consisted of four selected national cultivars and 16 AVRDC elite lines. A total of 92 sets were distributed 
to 53 cooperators in 32 countries during 1986. At the time of evaluation. IMN data had heen received 
froill 17 cooperators. 15 of which with replicated data were included in this analysis. The objectives 
of this analysis were to e\ aluate the performaice of both national and AVRI)C elite cultivars for yield
and stability and to determine the inactors responsible for Io\% Niclhl in ,onIc locations. 

Materials and Methods 

The suggested experimental procedures recommended for the ININ trials were: randomized 
complete blocK design with three replicates: three plots of 6 x I m2 per plot as the experimental
unit, two rows per plot with 50 cnn between rows and two seeds per hill. Cooperators wcre encouraged 
to add one or two of the best available local cultivars as control or checks. 
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Statistical analysis. A combined analysis of variance assuming fixed genotypic effects and 
a random model for both sites and environImental effects was performed. Based on the principle of 
structural relationship analysis (Tai 1971)I, the genotype X environmental interaction effect of a 
cultivar was partitioned into two components. They are the linear response to environmental effects 
which is measured by a statistic &, and the deviation from the linear response X. A genotype of (&, 
X) = (0, 1) is dcfined as an average stablc cultivar and approximate tests tbr & = 0. X = I were 
carried out according to Tai (1971). The critical valucs when testing & = 0 for diffcrent A values 
were computed by Tai's (1971) method. The region:. corresponding to nonrejectable values ((Y,X) were 
defined in a plot with axis representing linear respe.se and deviation from linear response (Fig. 3). 
The hyperbola in Figure 3 delineates nonreject.,ble &'s (P = 0.95) if the true a is zero. The two 
vertical lines are the confidence intervals when testing X= 1. Genotypes which fall into the region 
enclosed by the parabola and the vertical lines do not differ significantly from iiverage stability. The 
environmental index was computed as the mean of three popular cultivars, V 3476. VC 1973A and 
VC 2768A, minus the grand mean. 

Results and Discussion 

Partitioning the total variability (sums of squares) attributed to diffcrent sources, namely, location, 
line and their interaction revealed that location was the major source of variation which attributed 

=Average stability region P =0.95 
(a,X)= 1 1)0.3 

95%C.l.for 

- OA= V2010 K= VC 2764B 

K B=V2984 L=VC2768 A
 

-"0.- R 0 C=V3426 M=VC2771A
 
L S a=V3726 N= VC 2802A
 

in " 
 E= VC 1628A O=VC3004A
 
oL0 G 09'' 9•T F=VC 1973 A P: VC 3012 A
V)0 M
 
CU G=VC2750A O=VC 3012 B
 

OIC •H=VC 2754A R= VC 3061A
Or:1 

-0. I -VC 2755A S: VC 3178 A 
J VC 2764A T= VC 3301A 

OD0 1 2 3 

-0.4, 

Deviation from Linear Response (' ) 

Fig. 3.Distribution of estimates of genotypic stability parameters for seed yield of mung
bean lines evaluated in the 14th IMN.
 

Tai, G.C.C. 1971. Genotypic stability analysis and its application to potato regional trials. Crop Sci. 11:184-1901. 

http:respe.se
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76.6% of the total variability (Table 4). Although the effects of line and the location x line interactions 
were significant, the percentage of variation attributed to then were 2.2% and 10.6%, respectively.
This clearly indicated that the yield potential of e.te mungbean genotypes was mostly influenced by 
environmental factors. 

Fourteen sites in seven countries covering a wide range of climatic and edaphic conditions were 
included in this analysis (Table 5). Latitudes ranged from 24'34'S to 370 16'N with a majority in 
the northern latitude. Mean diurnal temperature during the cultivation period ranged from 22.20 to 
28.8'C. The planting time ranged front March to November. Most of the yield variation was due 
to the environment a- indicated by the site means that ranged between 0.3 1and 1.77 t/ ha. The major
factors which reduced seed yield in a particular site were: drought in College Station (USA); cold 
temperature in Shanhua (fall), Suwon (Korea), Kwangju (Korea) and Botswana; typhoon in Shanhua 
(summer): insect pests such as thrips and pod borer in Tanzania. Pentatomidae bug (Zanzibar): and 
virus in Botswana. 

The cultivar mcans varied from 0.74 (V 2010) to I. 13 (VC 1973A). The widely adaptable, high
yielding cultivar. VC 1973A, produced the highest yield in three locations, Phitsanulok (Thailand),
College Station (USA) and Suwon (Korea) (Table 6). The early flowering and uniformly maturing
accession, V 3726, also produced the highest yield in Shanhua (::pring), Sebcle (Botswana) and Kwangju
(Korea). However, it also produced the lowest yield in Flat Yai (Thailand). In live locations. V 2010 
produced the lowest yield. The late-maturing, phtrtoperiod-sensitive line, VC 3012A, produced the 
lowest yield in three locations. VC 3012B produced the highest yield in Shanhua (spring) and lowest 
in Zanzibar. A moderately low incidence of Cercospora leaf spot was reported.

The stability statistics of the muungbean lines are presented in Table 7 and illustrated in Figure 3. 
The stability of eight lines, V 3426. VC 2750A. VC 2754A, VC 2768A, VC 2802A, VC 3004A. 
VC 301213 and VC 30I61 A. was considered average. Surprisingly, the stability of widely adaptable 

Table 4. Combined analysis of variance for seed yield (t/ha) of the 14th IMN. 
Source df' Sums of squares Mean squares
 

Locations 13 191.35 (7 6 .6 )y 14.72 *
 
Replicates (Location) 28 4.63 (1.9) 0.17
 
Line 19 5.45 ( 2.2) 0.29 * 
Location x Line 247 26.55 (10.6) 0.11 *
 
Error 530 21.93 0.04
 
Total 837 249.90
 

ZDegrees of freedom. YPercentage attributed to the total variation. * Significant at 0. 1%levels.
 

Table 5. Environmental attributes and mean yield of the sites of the 14th IMN. 

Location Country Planting season Latitude Mean diurnal Site mean 
temperature yield (t/ha)'
 

Shanlia 
 Taiwan 4 March 12 June 23007'N 24.48 1.49
 
Shanhua Taiwan 23 July 22 October 230 07'N 27.26 0.81

Shanhua Taiwan 11 September 8 December 230 07'N 22.26 0.90

Hat Yai Thailand 29 April 15 July 60 59'N 28.86 1.62

Ilonga Tanzania 15 March 23 June 60 41'S 25.64 1.41
 
Chainat Thailand 5 September 20 November 150 15'N 28.29 1.47

Phisanulok Thailand 20 September 11 December 16050'N 26.87 0.71
 
Kwangju Korea 2 July 8 October 350 07'N 23.00 0.59
 
Vezln Burma 14 September 20 November 190 51'N 26.16 
 1.08 
College U.S A. 22 May 15 August 310 N 28.08 0.34 

Station
 
Nan Thailand 31 July 30 September 180 46'N 27.99 1.77

Sebele Botswana 12 November 19 January 24034'S 24.93 0.31
 
Suwon Korea 20 JunCe 
 370 16'N 22.40 0.80
 
Zanzibar Tanzania 
 - 0.40 

ZMean of three AVRDC checks (V 3476. VC 1973A aid VC 2768A). 
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Table 6. Highlights of the 14th IMN results. 

Mean Yield (t/ha) Yield Mean of disease 
Location yield - -- of check rating 

(t/ha)" Highest Lowest (, a) CLS y 
pM 

y 

Shanhua 1.49 VC 3012B (1.81) V 2010 (1.19) - -
Shanhua 0.81 V 3726 (1.16) V 2010 (0.31) - -

Shanhua 0.90 VC 2754A (1.06) VC 2764B (0.77) - - 2.8 
Hat Yi 162 VC 2764A (2.13) V 3726 (0.96) 1.42 0.6 -
Ilonga 141 VC 2755A (1.76) V 2984 (0.96) 1.48 - -

Chainat 1.47 VC 2764B (1.98) V 2010 (0.90) 1.27 1.2 -


Phisanutlok 0.71 VC 1973A (1.08) VC 3061A (0.48) 0.68 -


Kwangju 0.59 V 3726 (1.13) V 2010 (0.33) 0.45 2.1 -

Yezin 1.08 VC 3178A (1.36) V 2984 (0.53) 0.93 MR -


College 0.34 VC 1973A (0.1) VC 3012A (0.04) 0.34 -


Station
 
Nan 1.77 VC 1628A (2.19) V 2010 (1.10) 1.13 1.5 -


Sebele 0.31 V 3726 (0.50) VC 3012A (0.10) - -

Suwon 0.80 VC 1973A (1.24) VC 3012A (0.33) 1.8 -


Zanzibar 0.40 VC 3178A (0.61) VC 3012B (0.18) 

/Mean of three AV1RDC checks (V 3476. VC 1973A and VC 2768A). YCLS . Cercospora leaf spot; PM 
powdery mildew. 

Table 7. 	 Mean seed yield and estimates of stability 
parameters in the 14th IMN. 

XLine 	 t/haX 

V 2010 0.74 -.36 1.76 
V 2984 0.87 -.35 3.36 
V 3426 0.92 -.06 0.84 
V 3726 1.00 -.29 6.65 
VC 1628A 0.97 .14 3.06 
VC 1973A 1.13 -.07 2.52 
VC 2750A 0.96 .01 1.38 
VC 2754A 0.96 .02 1.22 
VC 2755A 0.99 .01 1 91 
VC 2764A 0.97 .18 2.06 
VC 2764B 0.96 .16 1.91 
VC 2768A 1.05 .06 0.99 
VC 2771A 0.97 .01 2.06 
VC 2802A 1.03 .05 0.99 
VC 3004A 0.97 .00 1.30 
VC 3012A 0.90 .21 2.75 
VC 3012B 1.06 .16 1.52 
VC 3061A 1.06 .09 1.61 
VC 3178A 1.04 .10 2.68 
VC 3301A 0.99 .01 2.29 

cultivar, VC 1973A, was considered below average due to its large X value. On checking its 
performance, it was found that VC 1973A produced a higher yield than the expected values in four 
localions, i.e., Phitsanulok (Thailand). Kwangiu (Korea), College Station (USA) and Su won (Korea). 
However, in Zanzibar the yield of VC 1973A was lower than the expected yield. Three accessions, 
V 2110, V 2984 and V 3726, and two AVRI)C lines, VC 1628A and VC 3012A. were found to 
hc highly sensitive to cnvironntcial changes and, therefore, grouped as IbClow stable. 
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Levels of Cercospora Leaf Spot Resistance in High Yielding 
and Early Maturing Elite Mungbean Lines 

Summary 

The high yielding early and synchronously maLuring niunghean lines, V 3726. VC 1628A and 
VC 1973A, are susceptible to moderately susceptible to Cercospora leaf spot (CLS). The levels of 
CLS resistance ini 13 newly developed, early' maturing rnungbean lilies were evaluated under fungicide
protected arid nonprotcccted colditi Is al0rig with bothIresistanl alild sLtsceptible cliecks. New liies 
with high levels of synchronous mnaturity, large seed and high yield with moderate levels of resistance 
to CILS, such as VC 3737A, VC 3890A and VC 4050)A, were identified. Four other I ies. VC 299 1A, 
VC 3664A. VC 3853A and VC 3766-3B-2-1 were very Iligh yielding adil showved high levels OftCLS 
resistance. I ltoever. iatllt was olV Illoderately "nlchlrOIIOuS. 

Introduction 

Potential yield loss caused by CLS is higl duri g hot and lhui mid weather conditions. 'hereflore, 
incorporatirg a high level of CLS resistance into high yielding lines was one of the Ilia or .ibecti-es 
of the AVRI)C riIuriebea ri High vield aid disease resistance have been corribintediiimrvement progran. 
ahready iu i b reed inrig lines" howv, er. these liites have so ri defects suIch as late arid ririsvnchronus 

ntltritv. Thus, initlrc lt few years. thelMaini objectiVe of the tnunrribeart breedinge prgraill was to 
comlhinC (IS resitNance anid early arid urrilori raturiLt. The lih Vielditg. early arId urniforrirly 
mauririg litnes VC 1628A arid \ 197:A are susceptible to CIS. Thereflore. tis sLud\ aiited to esmirliale 
the level of,C.S resistancc in the nCVlV developed early allurlillg aid high yielding ,rrlnrgbcani linies. 

Materials and Methods 

'lirtceri earl Cngbear were fironi 1987 spring yield trials aridi1au,1ririg lines selected the 
Cvaluated flr CLS resislancc and or agrotromic characlers. :i\e check cultivars., VC 15601). VC 
2719A Ihighly resiaisa). V 2272, VC 2750A (nitodcratcl\ resistantlarid VC 1628A (sursceptible check) 
were also included. This experirient \wats corducLed ill SrtiirIerI" 1987. (3 Jul\' to 15 SepterUrbCr) U Ader 
fIrrigicide-protected aidLnotrprotcctcd conditions, ill a,splil-plot design with three replications. The 
expicrimerital lrOedtlrcs used arc sumiaried as I'olhows: three plors of* 5 , I ill- P" plot as the 
experimental unit, a spacing of tmo rows per plot at 50 ciii betwCen row, aLnd X Cir, within rows: 
,id Ihre seeds:hiil. 

Fungicide-plotectcd plolts \%,etc .p itaydilih 75'' I)acoil w p. (500x) at least omce a \cck to 
reduce the incidence ofl ('LS. The unprotected plots wrcie imoculaLd r\ icc on 5 arid I I Augurst. The 
pathog2en v,as cltIIUred onl dlied rIrI Iotlaf ext.ract oat IllCal acarlrlld the sC\ er-dav oId culiure was 
LCd to prepare a sporee .uspnersioru at ia coticctitlalioti of I.000-2.0(0( spoes, fil. 

Results and Discussion 

The ('I.S resistance levels. yield tri other agroinoruic characters of the flew elile liimes are presetited 
il Table 8. :01u1r elite lires. VC 2";IA. VC 3064A. VC 3853A arid VC 376-313-2-B., sh\ed high 
levels of ('IS resisl:ncc arid produced hiliher .icld than 'le to lighl-resistart check cultivars. 
lhowevecr. synchrnous maturity %%as niroderatel\' low arid lIre seed si/e %,as nicditil. ,,\ liglh level 
,f'.vchrlIoos illatlrit, . larie seed si/c. IcIer yield id niroderate le'Ces Of resistancc verc observed 
i three other lines. VC 1737. Vt' .S,\ I andl V(' -)OXO\. The Cield of \(C 37;7A \a, increased 
trerMentdously \\ ilh lugiciidl, protcCliri: hwMver. yiell LillctnceCC, \\ crc not siriit icant ill VC 38l)A 
anid V" II08A bectweentI I i C-lCilcdIItltOtCLtCd In1tIre IruseptibWer1icidc-pro tected ari treatriretits (Fig. 4). 
litre. VC 46-.1t) B-. 1I I- I - ,, icld Irc(luctim was si " ifl att: It ,C\ C. withtout fungicide pIlOteclit 
it prolu.ed at 1102'1r vici I if. , 71-A_ V(' 18t).\ aid VC 408(0, The level of sxtieChIrorious 
I i tt[ a .. r . t... t It\ .Iis bIo IIese . t i dica.eI hat high cvCS of resiStIce anid high yield poteIttial 
lhave been mIbined . I-ow)1vr. ti I,, el of s\nchroouis iraIurity in these litres needs to be impre,cd. 

http:prolu.ed
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Table 8. Levels of CLS resistance In high yielding ncw elite breeding lines. 
Line 	 Parentage CLS (%)z YLD (t/ha)z 

VC 2991A VC 1131A/VC 1163B 3.0 2.60 
VC 3664A Vu 1482CTVC 2528B 3.7 2.27 

VC 3737A VC 1168B/VC 1973A 17.3 2.13 

VC 3746A VC 1482C/V 3726 8.0 2.27 

VC 3766-38-2-B VC 2719A/VC 2527A 5.7 1.88 

VC 3849A VC 3746/VC 3749 10.0 2.04 

VC 3853A VC 3746/VC 3773 3.3 2.40 

VC 3890A VC 2750A/VC 2768A 18.0 1.98 

VC 3902A VC 2768A/VC 2755A 15.3 2.15 

VC 4049-B-3-1-1-1-B V 6083/VC 2768A 31.3 2.19 

VC 4058-2B-4-B-1-B VC 1560D/VC 2802A 24.0 1.93 

VC 4080A VC 2778A/VC 2802A 14.7 1.93 

VC 4096-2-4-8-2-B V 6017/VC 1628A 8.7 1.84 

VC 1560D 2.7 1.36 

VC 2719A 4.7 1.76 

V 2272 10.7 1.36 

VC 2750A 	 10.7 1.93 
VC 1628A 	 32.7 1.93 

Waller Duncan's - 0.23 

MSD (KRATIO = 100) 
zCLS = Cercospora leaf spot; YLD seed yield: FHP = first harvest percentage; SW 

2.5 VC3849A MS 	 VC3853A R 

VC3737A 	MS "VC4o9-B
\ 3-1-1-1-B3 Sl,, 

VC4058-2B-4- \ VC3746A R-,'-. 

VC3902A MR 
VC3664A R"- 3 

VC2991AR2.0 	 VC2750A MR 
VC1628A S-- -------- vc8A 

\-) VC4O96-2B3- VC2719A R 	 4-B-2-B MR

VC3766-3B-2-B R 

V 2272 MR 

VC 1560 DR 

1.0 _-__I 

iF 
I 

-F 
I_ 

iF 
Fungicide- Fungicide -

Protected Unprotected Protected 

FHP (%)z SW (g)Z 

50 53 
52 56 
73 55
 
56 53 
52 56 
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= 1000-seed weight. 
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Fig. 4. The level of CLS resistance and yield potentials of early-maturing elite mungbean lines 

evaluated under both fungicide-protected and unprotected conditions Insummer 1987. 
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Performance of New AVRDC Elite Breeding Lines 

Summary 

A nultivariate technique known as principal coIponlent (PC) analysis was used as a means of 
assessing progress towards achieving the multiple breeding targets o1 the nmunghean breeding progran. 
A hypothetical ideal mtngbean cultivar with desirable characteristics was included in the PC analysisalong with the new elite lines and check cultivars. [he frst two principal components accounted for 

53% of the inlormation on tile desirable traits. The position of the new breeding lines, compared to 
the check cultivars on the two-dimensional plane. indicated the aloLnt of progress achieved towards 
meeting the ideal cultivar. The potential mtlngbean lines which could serve as better parents for future 
lybridization were also identified. 

Introduction 

The current goal of AVRDC's nungbean improvement program is to combine high yield, early 
and uLInilorin maturity, large seed size and resistance to Cercospora lealspot (CLS) and powdery mildew 
(PM). Promising breeding lines selected from F7 generations were evaluated at several yield trials 
in three successi\e seasons fOr these mltiple obcctives. The characteristics of the new elite breeding 
lines along with the checks, VC 1973A - widely adaptable. early and uniform maturing line: VC 
2768A - high yielding and moderately resistant to CI.S and PM: VC 2719A -- resistant to CI.S 
and PM: VC 1628A -- unif(Ornfly inaturing but susceptible to ClS and PM. are presented in 'able 9. 

Assessment of'progress towards goals is an important activity in hreeding programs. However, 
since many 0bjcclivcs ii lust be considered cofIcClively in tie overall assessment of thc breeding program, 
this generally limits the evaluation of the breeding inerit to a sub jective assessment. 'ThIIs. a itetrical 
approach would be useful in providing an objective means of assessing breeding programs in terms 
of the likelihood of meeting the breeding goals. This study summarizes a statistical technique which 

Table 9. Characteristics of new AVRDC mungbean cultivars. 

YLD' FHP' DF1 SW' Disease rating(t/ha) (%) (days) (g) CLS' PM' 

VC 2991A VC 1131A/VC 1163B 2.0 57 39 53 1.8 1.5
 
VC 3853A VC 3746/VC 3773 2.1 56 39 52 1.3 3.3
 
VC 3746A VC 1482C/V 3726 2.3 60 38 59 2.0 2.7
 
VC 3664A VC 1482C/VC 2528B 2.2 54 40 55 2.0 3.3
 
VC 3849A VC 3746/VC 3749 2.0 68 38 58 2.3 2.0
 
VC 3902A VC 2768A/VC 2755A 2.0 62 39 68 2.7 1.7
 
VC 3737A VC 1168B/VC 1973A 2.5 62 39 58 3.0 3.0
 
VC 3890A VC 2750A/VC 2768A 2.0 75 39 55 2.1 1.3
 
VC 4080A VC 2778A/VC 2802A 2.0 80 38 60 3.0 3.0
 
VC 2719A Shanhua 1/VC 1163A 1.7 52 40 48 1.0 1.0
 
VC 1628A CES-1D-21/PHLV 18 1.9 67 38 58 5.0 5.0
 
VC 1973A Pag-asa 1/EG-MG-16 2.0 75 38 60 2.5 5.0
 
VC 2768A VC 1482A/VC 1628A 2.2 65 38 55 2.3 3.0
 
VC 3901A VC 2764A/VC 3836 2.2 70 39 60 3.0 3.3
 
VC 3885A VC 2719A/VC 3836 2.1 75 40 59 2.7 2.7
 
VC 3944A VC IO00oC/VC 1628C 2.2 72 39 52 3.0 2.0
 
VC 4111A VC 3957/VC 3984 2.4 55 41 54 3.3 3.7
 
VC 3907A VC 2770B/VC 2750A 2.3 74 41 59 2.4 3.3
 
VC 3928A V 6017/VC 2750A 2.2 66 40 54 2.4 2.5
 
VC 4066A VC 2572A/VC 3974 2.3 60 42 58 3.0 3.0
 
Ideal Cultivar 2.5 75 38 60 1.0 1.0 

'YLD seed yield/ha, FHP - first harvest percentage: DF . days to flowering: SW - lO00-seed weight: CLS 
= Cercospora leaf spot and PM = powdery mildew disease resistance score - 1. highly resistant. 5: highly 
susceptible. 
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could be effectively utilized in assessing breeding progress and in selecting potential parents lr friture 
hybridization prograns. 

Materials and Methods 

A niultivariate technique known as principal component PC) analysis was used as the means 
ol'assessing the progress toward, achieving the breeding targets. A hvpithetical ideal nintghean cutivar 
was defined with the following characteristics: yield potential of' 2.5 t/ha: 75",, synchlrontous maturity.
early flowering at 38 days. seed weight of 00 g/ 1000 seeds: hi-,hilv resistant to CLS alld PNI alld 
was included along with the new breeding lines ind check cultivars in principal compotent analysis.
The inlirmation derived fi'oll this analysis is condensed il the lfornl of a lew coordinates, and illustrated 
on a two-dintIensional platIe: the data points of the elite lines, check cultivars atd the idCeal cUltivar 
are snprim tpo ed on that plane Fig. 5. [he first ComipolICIt which htad larer cofficients on)
sVnchrolous llaturit\. sCed \\ cielht. ('I .S rcsistnlle altlM rCistlnCC cotained 34 7 of' the overall 
ilfornatiot. The second tlllponcnt v,hich had lare coelficienls ol sced viMd C\plained all additional
I .,; of' the inflormation ill the overall six-variable model. il'huis. tile first two coordinatCs cOltainled 
53, of the inforinat ion, and cotntained iareer coefficientls timaior variablcs. 

Ideal cultivar2.5- 2.5 /d / 6g10se
HR:CLS aPM- -60g/lOOOseed 

Ist. harvest :75% total yield
2.0 

1.5 

1.0- U11VC 3737A- 1.VC4066A 

, 0.5 VC 3746A© 
"-o OQ 009 

Cdj 
Z 0.0 0 p
 

0-" VC3890A ®VC2768A
 
n -0.5 VC2991A® OB E VC40
 

© 
1.0 vc 1973 A 

-1.5
 

Q VC 2719A
-2.0-

VC 1628A 

-20 I I 1 I 1 I 1 1 1 Q 
-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 
Resistance -- Disease(CLS,P ) ratIng - _---. Susceptibility 
Small Seed wl. - Large 
Nonsynchronous Maturity - Synchronous 

PRIN I 
Fig. 5. The positions of elite mungbean lines and the ideal cultivar on the two

dimensional plane between first and second principal components. 
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Results and Disussion 

T'he fI rst Mo pt'rincipall comllponnit" 'scpll itcd tile d~isca,,c jistanit check. VC' 2719A and tilec 
VC( dti VC VC a""nsceptilfl line. I 028MA net] IIC ' 2091IA anti 3S53 A call he cttrpid~ered 

imlpit-twentil tit Witi y~. l Wav l o~i-mir. '40MIer VC 27?NA hlighi O hn resistance cotinii'i;..' \VC 

andt~ W' 3STV).. Iiric hati highlt.eI's of Nynciitiitils niuditiri andl~ iil'Jltl\d level ill rc~iltailce than 
VC1028A. %Lunv lint>, ,och &, VC( 377AVC\( 4000'WA andi VC( 3740tA. COttlIlhe tOINltlCICtLI laliii 

vn tc l c It tnlt.'nItIC itCktil'0llloelc ,lhIC\tiha The h l ilqu\ line,,rn il 1 dL t\ a itCi'. 1itactor f[l~ll" t l-.11. 

ato li r llctt llp ct line~. tilt harc II~tIhnte0AIInJILicr a11iTldall I'ollton[ m i tt in rvc th 
tkicid ~theli Ao\l innnehcaiiI l11in lookIIIt. Vlta Iprei V(' 460A. tnuc inpuct. -tai llitllt, \'( 
and~uct~ C746A ct11111 1catt HCV lc. ill 111tiilAOS )~C I cr. 11t1Cctilt.' ci d l IIC (ct) JCci ti let~ihkxlt' a 

IMlt.l tliltlitall i~iva~ htii cd\il~ iaI iilclcih i ttkpdiil 

InliinrtEaloductfMugba Cltvonled 
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compare the perfornance otlhonlogeneous populations and the heterogeneous populations (blends of 
pure lines) for yield, yield components and disease resistance in two diverse seasons. Based on these 
results, the basis of formulating cultivar blends for increasing yield stability will be defined and tie 
cultivar blends will be evaluated for yield stability in forthcoming IMN trials. 

Materials and Methods 

Two nmngbean cultivar blends, each comprising three munghean cultivars in equal proportion 
were tormulated. The characteristics of the component lines are listed in Table I0. In selecting the 
component lines for the cultivar blends, iuch attention has been given to the phenotypic appearance
of the seeds, where all component lines had moderate to large-sized, green and shiny seeds. However,
other agronomfic traits, such as flowering dates, disease resistance and plant types difTcred significantly 
among tie component lines (Tahle 1I)). 

These two inungbean cultivar blends (IBCB I aid MIICB2) and their component lines were 
evaluated at AVRI)C in two seasons, summler (July-September) and fIall (Septenlier-No\enbher). The 
experimental details of these trials were: randomized complete block design with two replications:
two plots of' 2 x I In per ptt as the experimental unit: two rows per plot with 50 cm between rows 
and 10 cm within row spacing. With one seed and two seeds per hill and using this spacing. 200,000
and 400,000 plants \were established in summer and fall seasons, respectiv'elN. The standard AVRDC 
cultural practices were ,dopted in conduoct ing these trials. Because the population density varied between 
the season, the fl lowing yield conmponents were meaisured and estimated fir I in" area: 

2" Total seed yield adjusted fIr 12'/' moisture level/i 
* Plant populatiIiii,or at harvesting 
* Total nullibher of nodes/n 
* Total nltulniber of I)eduincles/ Or
 
" Total number of' pods/1i
 
* Weight oif 100 seeds 

From these variables the ftollowing variables were estimated: 

Peduncle: Node ratio Peduncles/m
 
Nodes ! in2
 

Pods per cluster - --

Pedunclesi in2
 

Seed yield/nY'2 
Seeds per pod S
 

(Pods/ n- x weight/seed)
 

Table 10. Characteristics of component lines in mungbean cultivar blends. 
Component SynchronvILs Days to Seed size Disease resistancez
 

lines maturity flowering (g/1000 seeds) CLS PM
 

MBCBI
 
VC 2768A Moderate Moderate 60 MR MR

VC 1973A High Early 62 M1, MS

V 3476 Moderate Moderate 50 MS S 
MBCB2 
V 3726 High Early 65 S S
VC 2719A Low Moderate 50 HR HR 
VC 2755A Moderate Moderate 67 MR MR 

ZCLS = Cercospora leaf spot: PM - powdery mildew. Disease ,,,ing: MR = moderately resistant- MS = moderately 
susceptible: HR h S susceptible.highly suscepible: = 

Statistical Analysis. A conbined analysis of variance was perftbrnied and the significance
of season, cultivar and their interactions on seed yield and its components were tested. 
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To measure the contribution to seed yield by its yield components and to assess the effects ofcultivar blends and seasonal effects on those contributions, a sequential yield component analysis(SYCA) was performed. SYCA partitions the total yield variation among orthogonal yield componentsand is suitable to crops wbere yield is the product of the sequence of developrnental processes. The
yield components were calculated as ratios of the observed variables: 

Y, = Number of nodes/i-r 
Y2 = Peduncles/node 
Y3 = Pods/peduncle 
Y4 = Seeds/pod 
Y5 = Weight/sced 

2
YLD = Seed yield/ in

and transformed to natural logarithm so that an additive model could be constructed with its variables 
ordered according to their presumed dev'lopmental sequence; 

In YLD = In Y, + In Y2 + In Y3 + In Y4 + In Ys. 
In yield component analysis using a multiple regression model, the estimates of regressioncoefficients are often biased when the yield components are correlated and not independent. In thisanalysis, niulticollinearity was assumred to result from the sequential formation ofcomponents during

development and the dependency of each new component on earlier ones.With these assumptions, the yield components were first standardized or scaled (muean = 0, S1)
S1)and were orthogonalized in the order presented by the Inodel. The first component remainedthe same and each of the others was calculated as the residual from a multiple regression vith no

intercept on developmentally earlier ones as follows: 
Log transformed, scaled and orthogonalized variables 

- Nodes/n12 X, = Yl
 
- Peduncles/node X2 = Y2 - [3'iXi]
 
- Pods/peduncle Xi = Y3 - [13 + Xil
2X2 
- Sceds/pJ' X4 = Y4 -[/X3 + / 5X2 + /OeXl]
 
- Weight/seed X5 = Y5 - [/37X.1 + [39X. + /3,X2 
 + /loXi] 

Regression Coefficients. Yield couh. then be expressed without residual error from theorthogonal independent variables in a multiple regression model. The magnitude of the standardized 
partial regression coefficients will reflect the contribution of individual components on seed yield. 

Results and Discussion 

The significance of treatment effects on seed yield and its components are presented in Table11. The results clearly indicated that the seasonal elfects were significant for total yield, podS/ i 2 ,
pods/peduncle, seeds/pod and seed weight; however, the nUniber of vegetative nodes and peduncles
per unit area was not different between summer and fall
seasons. The high yield obtained in summer season wts not attributed to mlore nodes or more peduncles per uni area but was due to More seed
sel/pod and more pod set (pods/peduncles) resulting in more pods per unit area (Table 12). Theseresults showed that to increase seed yield, especially inthe fallseason, both pod and seed set needto be improved. The cultural practices which improve these aspects need to be invesligated to enhance 
rnungbean yield during tie fallseason. 

The genotypic effects were significant for all yield conipocrints except I'r the number ofnodes/i 2 and !he pedunIcles/nodes (Table 12). The highest seed yield was produced by nrungheancultivar VC 2768A and the lowest yield was produced by cultivar V 3726. an early Ilowering line.However. the yield differences between tiletwo cultivar blends or ariong the other four component
lines were not significanl. Allhough tilecultivar blends did not produce the highest seed yield, theyield performances were cmnpil able with the high-yielding compornent lines. In addition to high seedyield, the MBCB lines had a bCUC level of resistance than some of their component lines (Table 12).Because of their heterogcneous nature, the cultivar blends may produce more stable yield under stress 
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Table 11. Significance of treatment effectsz on seed yield and Its components. 

Variables Season Line Seasons x Line 

Total yield xxx xxx NS 
Nodes/rn 2 NS NS NS 
Peduncles/n12 NS xx NS 
Peduncles/node NS NS NS 
Pods/rn 2 xxx xxx x 
Pods/peduncle xxx xxx x 
Seeds/pod NS xxx NS 
Weight/100 seed xxx xxx xx 

x, xx, xxx significant at P - 5%. 1% and 0. 1", respectively; NS - ot sipnificant. 

Table 12. Effects of genotype and season on mungbcan yield and its components. 

YLD NOD PED PED/ POD POD/ Seed 100-SW CLS PM 
(tina) (no. /n )(no./n2) NOD (no./in) PED (no./pod) (g) 

Line: 
VC 2768A 1.82 345 121 0.37 356 2.91 9.5 5.5 2.3"' 3 
VC 1973A 1.34 353 109 0.31 266 2.48 9.0 5.6 2.5 5 
VC 3476 1.18 293 107 0.37 275 2.58 9.4 4.7 3.5 5 
MBCB1' 1.27 319 106 0.34 272 2.59 8.6 5.5 2.5 3 
V 3726 0.97 318 100 0.33 220 2.17 7.5 5.8 4.0 5 
VC 2719A 1.37 361 125 0.36 371 3.03 8.1 4.6 1.0 1 
VC 2755A 1.25 320 117 0.37 260 2.21 8.1 5.0 2.5 3 
MBCB2 y 1.31 301 112 0.38 277 2.49 8.4 5.6 2.0 3 
MSD × 1.78 NS 12.1 NS 34 0.33 0.7 0.19 - 

(KRATIO = 100) 
Season: 

--Surnmer 1.53 324 113 .358 344 3.06 8.84 5.1 
Fall 1.09 330 112 .349 230 2.05 8.30 5.7 - 

7MBCB1 Mungbean cultivar blend! composed of VC 2768A. VC 1973A and V 3476 at equal proportion. 
YMBCB2. Mungbean cultivar blends composed of V 3726. VC 2719A and VC 2755A at equal propqrtion.
XWatler Duncans ,lnilnlmnin significance difference.YLD - seed yield/ha: NOD : total number of nodes/r'-; PE P 

= number of pedt icles producedi . PEDNOD - the proportion of flowering nodes. POD pods produced/il-

Seed - seed/pod, SW - weight of 100 seeds; CLS - Cercospora leaf spot; and PM -- powdery mildew resistance 

ratings tI ilghly resistant. 5 -- hih1l1y susceptible. 

conditions. Under AVRI)C conditions, tile Iwo NIIB'13 lines did not differ ituclh; holwever, their perfor
iilnitiCes llii ihtldiffer itn other I0catit ils L r stieS' Ci)idititMIs. Th e r iinar idin-s wereic nei rrgin iig 
and these two Colmtivar nilixtures will he included il tlie I rticuilintit! INMN It0r iltn ational evialuation. 

Yield component analysis. The results tl' the sequential yieId CItnplleillt analysis are 
presented inl Table 13. A signitlicant inverse relatitnship was observed between tile numbler of nodes 
and the proportitn ofllowering nodes. This indicated that increasing in0re vegetative nodes in these 
irprov-d inttigheat lines suay not necessarilly result in nIt re peditleIes. Tlihe nunber tif I dS/lped itnIcl 

appearet Ito be a ycry imnptortant determinanit o seed yield. The numbtter ofltvegetative nodes or 

pedun eCles/node did not intluence 1i.'l) etL c le. The envilil!tentlI and cituI tti ill aspects which increaseii 

pods/lpedunelC will alio increaise ',Cd eld1 significantly. No negative relationship between seeds/ptid 
and the previusly occurrcd ove't, itdS,'dltitecles. IeduiIs/n10dC and lodesill was observed. 
However, all tther \ ield Colplonents had a necgative effect oin seed size. especially the ptids/pedunele. 
Since pods Itrit tile samle peduncle tlllpete for pholoy ivliite Itom tie saite stnrece. syntiehlonott s 

pod developmnt and m te pods/lCeduntlc light reduce seed size. "lIis.yieIt1 ci ipt llet tillpt11satiti 
is clearly evidetit between seed size and the oither etmponents. (verall, the seed yieltd was gready 
influenel b ,oxs/peduncle and pednLIiches/node. Both breeding anid crt I )iianiagenien LpraCtiies sIould 
e(itcentrate oil increasing these twil Comptonents tti Chatice the yield I1ttCitiil t0t tltunrigbeaiil while 

maintaining the seed size. 
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Table 13. Interrelationships among mungbean seed yield and Its yield components. 

Log transformed, standardized & orthogonalized yield components 
R2
 X2 X:l Xr X5 

In Y2 ' -0.82" - - 0.67 
IrIY3 -0.08 0.08 - - 0.01 
In Y4 0.01 0.32 0.38 - - 0.17 
II Y5 -0.02 -0.13 -0.63 -0.18 - 0.42 
In YLD 0.12 0.45 0.76 0.24 0.27 0.99 

/Log transtormed andstaida(fized but not orthogonalized yield components. XI = nodes/rn 2
: Y2 or X2
pedunctes/node, Y3 Or X3 - iodS/l)edunlce Y.1 or X, :: seeds/pod: Y5 or X5 weight/seed; and YLD 
 = seed 

yield/m 2 . YStaiiar dized partial regression coefficients. 

Evaluation of Moving Mean Covariance Analysis 

for Error Control in Yield Trials 

Summary 

Nunghean is verv sensiti%e to Iticrtosoil variation in the e.xperiltenlal sites within tite sante location 
anod season. A largLe fecrtility gradient or iicrosoil variatiot in the exprinrircntal sites is an impediment 
to reliable estimation of cultivar eflects. 'herelfre, ie e llctiyeness of ino\ine rilean (ComIputed fron 
1\\o to five adjacent pils) covariance analvsis coMiIpared with randomized complete block design 
IR('1I)) for error control in irtunbean yiel triakS was investigatCd. 'h1e results clearly indicated thait 
co\aria',ncc adjustllenll lsil I ll" l. c-lllptlted froi i'ive adj acenit plots gave better coltrolrtl 
ifl the e\perirrclital eroIr arid is. lterfli're. Iitierl11ld'ed in situations where a large nttlliller of' lines 
arC Cvalualed irta site \ ili a lar.e fertility gradientt. 

Introduction 

Almost all fiilds Ill \\iih agricultural experinients are carried out have fertility gradients to a 
greater or les,,er degrcr. lit the presence of a large fertility gradient there is a likely possibility that 
the treatment cflects in large block experitents (e.,-. yicd trials with nanv entries) may he biased. 
Muighcat is ver sensiitv ,' It-ierosoil variation in eperiitetal sites \itlhin the sante location and 
seisrto. At ,\VRI)" lareC id dlff,'erertes are c0ionrlk' observedAI IOr the saute cultivar ill differenit 
trials \,,hcnnt gre r il tie saiie season. Iherelore. lare.r fertiliOy gradieits oriticrosoil variation ill 
(the c\pcririeital N'ites are tolrpcdilrtelltsIi relialc csilriatioll of clilti\ ar cfl'ct,, xpeririental errors 
arc usuallk inflated uinder thes ','clRrstarIces aridItLlhigh ( \ alteCs ar'e Irsuall,, asici~ited \\ith riturighean 
'ichl Ili',ll. Tile olbictlik e fils sttdt ,"as to evalratc tie efl'cli% ess of using lltolllri icall covarialice 

anal',,si, frrorCit-'i itrol in itrir:heai yield trials. 

Materials and Methods 

Valio:, e'perirretl desis \kl,crc crirrsirIerd lIr controlling local trend elflctls in tire experinieilal
sies.le cursL. Lid i, to use a rarrMO iid coItiplCe blck design tR(_'BI)or allcnal,'ely, 
rows aniodcolui,,(I.atit ,quarst.',. in error control. The RCIBI) is generally su,ifthle for a srtall numitber 
OiiIrircltl s and t e I.atit Slalilies requires a rectangular array of plots whicli can restrict the choice 
01 ilcs arid solrellllltcs lor:cs rte e\pcririeilal are'ml into Unlitabl. lad to .Irrarlrge for1 all treatients 
I Otcu. , I. atllicc d.sie21, a r c eilllilriled d liii trials cOllsistligf 1 Illrils tr'atlticlls: ho\eVel. tihe 
ari:tlysis i, usuall\ cr lrpli,' cd Midii alo ,has resurict1i ,isin rrtt-aallac ieril.i , tllrrlll 

h, ,[ phil des I i l i1A ',, steiiatic 'rra te'rIicnl of'che-ks are stiperirriposed un alt R('131), 
rave-Lbcn frp,,r ,, iite thiod Of cIrror control ill espeltIA 1s \'ith i lan,.-c I1turiber of 
tiratilrlit. Th- crhni in .,.II rt I', '."prcsst-ed ,s tile differences h1tvcen it aid the adjacent 
ctrtir l i i r aa, ,i p ar,," Itu ,:t plot a'sstliinr n Iihat a righ- corrclaiot kelween tie control 
IrIs rind Ill" rr plol C'il, IICItiL.. pnopriite admusrriettn could rcsull frun tie conlrol plots provided 
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with inadequate representation of the soil variation. Furthermore, the check plot method has the 
disadvantage of requiring additional area. 

To preclude such error in check plot design, analysis of covariance was suggested in which the 
moving nmean, i.e. the mean of the neighboring plots excluding the test plot in question, is used as 
the concomitant variable or covariable which provides a measure of fertility of the test plot. When 
there is no linear association between the moving mean and the test plot yield, the regression coefficient 
of the covariable will be zero and over adjustment will then be avoided. 

The statistical model of the moving mean covariance analysis is: 

Yij = + Bi + GJ + [31 (Xij) + Eij 

where: 

Yij = Yield of the Jth genotype in ith block. 
I= Grand mean. 
Bi = The effect of ith block. 
Gj The effect of jth genotype. 
[f = The measure of linear trend between test plot yield and the covariance. 
Xij = The nean yield of neighboring plots of the ijth test plot. 
ci- Random error. 

The number of adjacent plots included in the moving mean computation varied from two to five. 
The moving mean was calculated using an equal number of plots on each side of the plot in question 
except at the end of the blocks where the appropriate number of plots nearest the end was used. 

The data fromt the 15th IMN. conducted during the spring season at AVRDC, was used to illustrate 
this analysis. The experimental details are summarized as ibllows: randomized complete block design 
with three replications: three plots of 6 x I in2 per plot as the experimental unit; spacing of two 
rows per plot at 50 cm between rows and 6 cm within rows: and two seeds per hill at a population 
density of 400,000 plants/ha. The AVRDC recommended cultural practices were adopted. 

Results and Discussion 

Tile results of the ANOVA for the RC13D are presented in Table 14. Nonsignificant block and 
genotypic effects, high CV and low R2 clearly indicated tile presence of a local trend - microsoil 
variation in the experimental sites. In Figure 6, the field plot design is presented in which the entry 
number, the yield, and the yield rank within each row are given. From the yield rank, it was very 
clear that higher yield was observed in region A while lower yield was observed in region B. The 
genotypes, under region A produced higher yield, not because they are high yielders, but probably 
because they occupicd tie better spot in tie field. As a result of the microsoil variation in the 
experimental site. the magnitude of the error was inflated resulting in nonsignificant genotypic effect 
(Table 14). 

Table 14. Comparison of moving mean covariance analysis with RCBD in error control. 

Moving nean covariance analysisSource RCBD 
COVWl COV2 COV3 COV4 

Covariance - 28 .6*** y 32.9 **x 34.4 *** 36.6*** 
Blocks 5.8 NS 0.3 NS 5.3* 7.3** 7.8** 
Lines 36.7 NS 38.1* 37.1 ** 36.3** 35.7*** 
Error 57.5 30.2 24.F 22.0 19.8 
CV % 19.9 14.6 13.2 12.5 11.9 
R2 0.42 0.70 0.75 0.78 0.80 

zCOVI - COV4, moving means computed from 2, 3 4 and 5 adjacent plots, respectively. YThe percentage 
of total sums of square attributed to the effect. Significance levels of the effects, * * * * * significant at 
0.1%. 1% and 5% levels, respectively. 
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3 8 4 12 9 20 5 10 19 2 
1.8 1.5 1.2 1.7 1.4 2.1 2.3 2.4 2.5 1.7 
5 8 10 7 9 4 3 2 1 6 

18 15 11 13 16 1 17 14 7 6 Rep 3 
3.0 2.3 2.2 1.8 2.2 2.3 3.3 3.2 2.8 2.8 
3 6 9 10 8 7 1 2 4 5 

17 10 14 8 19 12 11 15 13 4 EntryNo. 
3.0 2.2 2.2 2.1 2.4 2.4 3.1 3.1 2.7 2.3 -Yield,t/ha 

3.8 .9-10 _ 6_ 5 2 1 4 _ - Yield rank 

16 5 6 1  7 3 2--18 9 2 0 Rep 2 
2.5 2.4 2.0 1.9 2.0 2.5 2.6 3.6 2.4 2.7 
5 7 i8 10 9 4 3 1 6__ 2 

20 19 18 17 16 15 14 13 12 11 
2.2 2.5 1.9 2.2 2.0 2.4 2.9 2.9 2.7 2.7 
7.1 5 10 .2 -----3- .... 84 95 66 2

7 8..- .. 
4
9 

.13 
i10 Rep 

2.1 I 1.5 1.8 1.8 2.3 2.5 2.8 3.0 2.0 2.6 
6 10 8 9 5 4 2 1 7 3 

Fig. 6. Mlcrosoll fertility variations in mungbean yield trials at AVRDC. 

The effect of the moving mean covariance analysis on error control is illustrated in Table 14. 
Without exception, covariance adjustment (COVI to COV4) reduced the CV and increased the R2. 
Both block and genotypic elfects became highly significant. The SE of the mean was reduced 
substantially and the mean yield adjusted for the covariate also differcd very much (Table 15). After 
the covariance adjustment, the yield ranks differed in 15 genotypes out of 20. 

This experiment clearly indicated that mungbean yield is very sensitive to inicrosoil variation 
and under these circumstances, the observed genotypic means are biased by local trend in the field 
sites. This study clearly demonstrated that covariance adjustnent using moving means of' adlacent 
plots gave better control of the experimental error. The optimuml number of adjacent plots to be included 
in the moving mean would logically vary depending on the variability of the experimental area. 
However, too large a number should be discouraged because the size ot the block would be increased 
accordingly, making the estimate less sensitive to rapid changes in the microplot environtments. In 
this study. the moving mean cormputed from live neighboring plots gave the most effective error control. 

International Cooperation 

Summary 

A total of 4,371 seed packets were distributed to 97 cooperators in 41 countries and three AVRDC 
lines were officially released, one each in Australia, Somalia and Thailand. AVRDC breeding lines 
perfoned well in the Baj.arnas, China, France, Cameroon, Liberia and Korea, and poorly in Bangladesh 
due to mungbean yellow mosaic virus (MYMV) infection and in Kenya due to PM damages. 
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Table 15. Comparison of mean yield and the rank between RCBD and moving mean 
covariance analysis. 

Mean yield (t/ha) Mean adjusted yield
Line in RCBD Rank (t/ha) in moving Rank 

mean analysis" 
V 2984 2.08 16 2.16 15
 
V 3476 1.95 
 18 1.78 20
V 3726 2.02 17 2.09 17 
VC 1973A 1.76 20 1.93 18 
VC 2768A 2.31 12 2.35 
 12
 
VC 2802A 2.42 9 2.55 6
 
VC 2917A 2.51 6 2.43 8 
VC 3004A 2.18 
 15 2.16 16
 
VC 3012A 1.91 19 1.83 
 19

VC 3012B 2.39 10 2.21 14 
VC 3061A 2.66 
 4 2.68 3
 
VC 3l17A 2.28 13 2.39 10

VC 3178A 2.45 8 2.33 9 
VC 3300A 2.75 3 2.58 
 5
 
VC 3301A 2.61 5 
 2.51 7
 
VC 3664A 2.19 
 14 2.35 11
 
VC 3737A 2.83 
 1 2.88 1
 
VC 3738A 2.82 2 2.80 
 2
 
VC 3746A 2.45 7 
 2.63 4
 
VC 3888A 2.32 
 11 2.24 13
 
Genotypic effect NSv * * *Y
 
Standard error .38 .16
 

zCovariance computed from five adjacent plots - COV 4. YNS = not significant; *** = significant at 0.1%. 

Seed Distribution 

Distribution of' germplasni including advanced breeding lines to international cooperators is 
emphasized in the nungbean breeding program. A total of 4,371 seed packets were distributed in 
1987 to 97 cooperators in 41 countries including 34 sets of thle IMN. 

Cultivar Releases 

In Australia 'Satin' (AVRDC parent V 2013) was registered by the CSIRO Division ol Tropical
Crops and Pastures because of its high yield, and resistance to lodging and CLS. The Legumes and 
Oil Crops Section of the Bonka Research Station. Somalia released 'Filsan' (AVRDC cultivar VC 
1168B) because of its early maturity and nonshattering quality. The Chai Nat Crops Research Center,
Thailand released "Chai Nat 6(" tAVRDC's VC 1178) for its early and uniform maturity, high yield
and suitability for rict-based cropping systems. 

Country Reports 

Bangladesh. Matiur Rahman fromn the Pulse Improvement Program. Bangladesh Agricultural
Research Institute communicated that many AVRDC lines were heavily affected by mungbean yellow 
mosaic virus (MYMNIV). The infection was as high as 8(7 in both VC 2973A and VC 3061A, and 
50% in VC 2768A. Hovever. one of the local lines produced the highest yield (798 kg/ha) during 
the fll season and was less infected by MYMV. Among the AVRI)(' lines. VC 1482F, VC 2523A 
and VC 2771A were less affected by this devastating disease. 

Bahamas. Leon S. Smith from the Department of Agriculture. Nassau reported that AVRDC 
breeding lines, VC 1628A. VC 2768A and VC 2768B produced higher yield (> 1.5 t/ha) during
the fall season. The soil type was dolitic limestone and th pH was 7.89. However, the widely adaptable 
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line VC 1973A performed poorly a;id produced i: yield less dhan 300 kg/Iha. The effect of high pH 
on this Ikne needs further ilves!igation. 

Cameroon. X:vi,,r Laumit from comite diOccsain Lie d6veIopperrrenrt, LARA, KAFI.IE reported 
that two local U!,av:t s. GN I GN 11. and three AVRDC breeding lines. VC I629A. VC 2755A 
and VC 2764A. prduced higi, i elds of about 1.5 1/ha in acidic soils. 

China. L.ii lilen from the Istitule of Crop Germplasm Resources. Chinese Academy of 
Agricultural Sciences (CAAS. Bei.iing reported that tile a rCa uode r i1u ngbca n prod uct6 in has increased 
from 470.00(0 to 530.00 ha in 1987. AVRI)C niunehean lines, such as VC 1973A. VC 2778A and 
V 1.381 and nianv others %crc well received 1v the farmers in Cihna. VC 1973A was flound to be 
the best as it has carl\ and unitorm ttillirit\. resistanHce to disease, lodging and pod slhatlering, is 
widely adaptable. stabI.le and high iicldine. (enerally. its yield was 20W" to I 0)0'll higher hill the 
native cultivars. Tihe e\pansion of thie planting areas ofl' V 1 which less thanI973A, was started witlh 
100 - of Sceds in It)3,. is cpccCA to reach 20,),0) ha hb 1987 in Nanvang region, I lenan Provinice 
alone. The total cultivated area in -enan Province is estimated to be 160.00(1 ha. Furtlernorc. 
inoculation with rhiobial strain No. 008 isolated hy III Jishene of the Soil Microbiology Research 
lnstilute. (AAS has increeSCd tile seed \iCld of VC 1973A by 9,/,' to W(' . It is expected that the 
aireaiunder cullivationl 11d nitlnglhentl prIIduCtiO continue to incrCase in China. AVRI)C has,rwill 
contributed sulbsantiall\ to this achievement. 

Yilu line ftoln tire Institute oi Industrial Crops., .iargsu AcaclnlV Of Agricultural Sciences also 
reported tiat fiorn 1984 t) 1986. I1)AVRlC nitnir ;ut1uanr rtie ,ies e\'c in troduced and tes, ted inl Jial;isu 
Provintce. Most olf thels lines naltred earlier tlan ile chec[ \arieties v, iti VC 271 9A. VC 1973A, 
V 1562A. V( I10C and V 3726 among thie c'arlic.t. All AVRI)C varieties Ihave larger seeds than 
the local cultivars. witlr VC 2755A producing the largest at 76 g/ 1(10 sced. The average yields 
over three \'ears of the liirest v'ielders, VC 276813 ard VC 2768A were 1.520 ald 1411 kg/i. 
respectively. A total of' 1.520 kg of seeds if these two varieties,., had been prLitced and shall be used 
Ior further exteisior. Tie vield of whreat after irrungbean 'its fjnulld tol be ereater than corin. 

France. IE. Fl aimicrot frour the irstilut NaCional Le lh Reciercltc ArorotiOriquc INRA), 
Versailles reported tiat tlhe AVRI)C cultivar VC I973A (locally kiomi its AVR ,) producCd tle 
hirihrest yield of 1.7 t/lIa irr a single harvest after diqluat dcloliatioti. Amonig the orer iew entries. 
VC 3738A and VC_3984-213-2-1-3-I produced conrparable ' iclds. 

Kenya. G. Njtraln;.t fi rin Sinlaw Seeds, Nairlbi reported that AVRI)C breedinir liies VC 
1628A. VC 1973A arid VC' 2768A performed poorly aid flowered late (67 da's after plaitingl), aid 
\%ere serrithlv affcctCd bx PM wlichr led to ,Clr2' poor grai n yield. 

Korea. Yemorr-iIo [.ee from tile Crop Experierit Station. Rural I)evelrpnctrt Adinitistratiorn 
(RIA). Sirseon evalu.,tcd observational anid preliminary yield trials of two breedirg lines. VC 3738A 
aid VC 3117A wichl produced comliparable ,ilds (1.2 t/l) as the local cultivar. Sconhlwa-niogdtt 
(AVRDC lIinc VC I1973A). However, more 01' 'ihe srall-seeded breedirgIi lines produced its higlh a 
yield Is the local check. I)urirng suLmIN., tire Ilow,6erir dates of AVRI)C hreedirrU liies rairged from 
47 to 67 days. 

Lao, PDR. Iii I985, 2.422 t (f nunigbc;r, were produced in 3.671 ia. Niurrgbearn is coinsidered 
a cash crop. and is nrorrmrally growi al tire Cld of tile raililr ,ettj oll owing upland rice. mllaize omr 
other early crops. The new price policy and tile itrroductiorr of hiIr-Vieldin \ ariCties MV cted 
to illcretase irrurgbearr pr)du1:tirr. A total of 11111(A VRDC nritlbean lhr,.III _,Ve hecil introduced sinice 
1983 and are being evaluated at the I-laddokkeo Research Sailioiri. Tl-rec AVRI)(' lines, VC I 1681. 
VC 2750A and V(' 15601) were selected becaise of ireir high yield anrd resistaice to PM, aird are 
to be released irr Ore nlear Itlllre. 

Liberia. Sayc Di.Igor, Jr.. Lowlantd Trial aid I)enrtunstratiorn. Nirniba evaluated AVRI)C 
accessioris. Two liles. V 3726 aid V 3484. perforted \,ell. 
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Nepal. A.K. Deo, Agricultural Development Officer Dang reported that a mungbean yieldtrial was damaged by continuous rainfall at pod maturity. However, the following AVRDC breedinglines appeared to be promising based on vegetative and reproductive growth and resistance to disease:
VC 2755A, VC 1973A, VC 3061A and VC 3301A. 

Tanzania. I.A. Asenga from the Agricultural Research Institute, Ilonga noted that the localcultivar 'Imara' (AVRDC accession V 1380 released in 1983) produced the highest yield of 1.41t/ha during the rain), season in the March planting. AVRDC breeding lines which produced comparableyield to the local cultivars were: VC 1628A, VC 2768A, VC 2768B and VC 2778A. He also indicatedthat the characters which need to be improved in AVRDC lines were drought tolerance, bruchid 
resistance and early) maturity. 

Vietnam. Duong Minh. Faculty of Agriculture, University of Cantho, Haugiarg reported thatof the mungbean area under cultivation60% in the Mekong Delta is planted with three AVRDCvarieties. DX91 (VC 1560D). DX 102A (VC 2768A), DXI 13 (VC 2763A), which are recommendedin alluvial soils. Furthermore, VC 2763A tolerant to aluminum (120 ppm) and VC 1482C, VCwas 
21628A and VC 2763A produced good yields under salinity. AVRDC accession V 1080 was also 
tolerant to water logging. 
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Selection for Beanfly Resistance in High Yield Potential 
and Beanfly-Resistant Breeding Progeny 

Summary 

Three agroniyzid species, Ophiimnyia phaseoli, ). centrosenatisand Melanagronmyza sojae, are 
important pests of mungbean fron tropical to subtropical Asia, Africa and the Pacific. In 1979 AVRDC 
identified a mungbean accession, V 4281. which had a moderate level of beanfly resistance. This 
accession which has poor agronomic characters and is susceptible to Cercospora leaf spot is being
utilized at AVRDC to breed lines with beanfly resistance. In 1987 two sets of progenies which were 
bulked through seven generations and selected in Fg on a single plant basis were screened for high
yield potential. In the screening of the first set of progeny comprising 144 entries, 17 entries had 
low beanfly infestation similar to the resistant check, in two observations. In the second set comprising 
50 progenies, eight entries had low beanfly infestation similar to the resistant check. These 25 entries 
already carry disease resistance and high yield potential. Their actual yields under high beantly 
population pressure will be evaluated in 1988 befbOre they are made available to the national programs. 

Introduction 

Three species of agromyzid flies, Ophiom via phaseoli (Tryon), 0. centrosematis (De Meijere) 
and Melanagronvza sojae (Zehntner) (Diptera: Agromyzidae), are important pesits of mungbean and 
other legumes from tropical to subtropical Asia, Africa and the Pacific. The insect larvae bore inside 
the stems of young seedlings, thereby weakening the damaged plant and reducing the seed yield
significantly. In Indonesia, where the pest population is especially high, beanily infestation, at times. 
kills the plants which necessitates resowing.

In 1979-80 one mungbean accession, V 4281, which consistently showed a moderate level of 
resistance to beanllies was found. This accession is being used in AVRDC's mungbean breeding 
program which aims at incorporating beanfly resistance in mnungbean breeding lines which are disease
resistant and have high yield potential. 

Materials and Methods 

Two ,;eries of progenies, for which the original crosses were made in 1982 and 1983, were screened. 
Each entry was planted as a single row in 5-ni long and 0.75-ni wide beds. Each entry was replicated
in three plots arranged in randomized complete block design. Starting soon after germination, a large 
number of laboratory-reared beanflies (0. phaseoli) was released unifoirmly over the entire planted 
area, to augment ambient population and ensure high infestation. At three and five weeks after 
germination, 20 plants from each plot were uprooted and the stems were cut open: the number of 
beanfly larvae and pupae found inside each stem were recorded. The number of plants within the 
sampled plants with visible beanfly damage was also recorded. The insect count and percentage of 
plant damage data were subjected to analysis of variance, and means were compared by Duncan's 
multiple range test. 
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Results and Discussion 

First series. The progenies included in this screening were bulked through F7. In F8, with 
the help of the plant breeders, single plant selecions were made based on vigorous growth, disease 
resistance, desirable yield components and higher seed yield. One hit ndred and forty -IOur progenies 
were evaluated with one resistant and two susceplible pairents. The perl'ortinanice of selected entries 
under beanlly infestation is sumniarized in Table I . The 17 entries had similar beanlly inf'estaition 
as the resistant check These entries have higIer VieId po tent ial a1d disease resistance than Itle resistant 
parent which has neither. In selecting resistant p'ogen\ . greater emiphasis was placed on fewer numiber 
of larvae ind pupae per plant thln plant damage. This is because in resistant plants. al tinies. the 
insct larva dies afler causing initial damage to tile plant: blt slchl damage duIC to preriature death 
of the larva is of no consequence. 

Second series. In this series. 50 progenies selected l'r disease resistance and high yield 
potential were evalut.ed \wilh nine susccptible parents or checks and one resistant piuent in .1sitilar 
malner as the first series. The results are suIinari'Cd in Table 2. SiX breeding lines had IOW beanflly 
infestation similar to the resistant parent. These lines also have disease resistantiL and high yield pOteIItial.
Also in this selection. major emphasis ,'as placed oin tie presence of beanllv larvae + pupae in a 
plant saiple rather than in the percentage (it daiinlaged plants.

The 17 entries selected frolm1tile first sCries aiind si\ entries from the sectond series \%ill be given 
tt) the plant breeder for evaluation ol icld potential and other desirable agronomnic characters, such 
as seed co!.wiand teture during 198F. 

Evaluation of Insect Growth Regulators 

for Beanfly Control 

Summary 

Among the three selective insect gtowzl regulators tested f'or the eontrol of beanliies (Opdhm.nvia
pisoli. 0. mentrosciltIi.%and i1lela,,agronl\'va sejac) oil nituig beaii, cvronia/.ine it Iates between 
75 and 150 e a.iha gave control comparable it oinethiioate. at staidard brold-spectruin 
organiophosphorous insecticide which gives exelletit control of beanflies. 

Introduction 

A new cliss ot peslicide cheimicals, conimmonl\ knowm as insect grom,.h regulators (IGRs). ire 
now increasingly used in insect pest control. These chemicals interfere in chitin synthesis il insect 
larvac and are specific to the larval stape olf various insect species. They are relatively safe to predators
and parasites. and arlC thus ideal fOr integrated pest mnagement. One of these cheiic:ils. cvroinazine 
(trade namne Trigard )L.gave good cmntrol of beanilies in sotbeaii during 1980 testing. In 1987 this 
chiciical was tested flr tlie clntro l af bainl 's ( Olhimmia pha.,v'oli ('lrii) I. (1. m Neniro.+1atis(e)e 
Mei.ere) anrid MI/amon om ca vola, Izehnner') in Illtunebtan. 

Materials and Methods 

A parcel of land was rototilled and worked into I-in wi.lt raised beds. The beds were further 
divided into 3 iii x 3.3 i plhts. Seeds of cultivar Tainan No. 3 w%ere soiwin in two parallel rows set 
40 cm aipart oil ea.ch bed and al aIdisLanIce of 10 C11i bCtVeen hills :i1 the rate of four to five seeds 
per hill in each plot. Fertilizer. wedinl, thinning, irritaion and other necessary cultural prat,ices 
were folhliwed t0 0btain high yield. 

There were 10 treatments including i control, replicated iur limes, aild arrai ed ill a ralndotlied 
conplete block design. lPrcdclernminCd quinLities 0f inisecticide fornnlltiiins \t cre diluted iii wIter 
arind sprayed on each li with a 1(1-liter air-pressure sprayer chirged tl 2.7 kg/cin2 (40 psi). A 

http:evalut.ed
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Table 1. Beanfly Infestation of selected beanfly resistance breeding progeny, first series, 
AVRDC, autumn 1987. 

Progeny No. beanfly larvae + Beanfly damaged
designation pJpae/20 plants" plants (%)" 

3 WAE1' 5 WAE1 3 WAE 5 WAE 
VC 3785F3-B3-B-B3B-B .... . 1.3 hi 2.7 b-l 40 e-k 38 b-h 
VC 3785F3-37B-B-B-B-2B.B-B 1.3 hii 1.0 f-h 37 g-k 33 e-h 
VC 3785F3-60B-B-B-B-2B B-B 1.7 g-i 0.7 gh 32 jk 53 a-h 
VC 3786F3-2B-B-B-B-3B-B-B 1.0 I 2.3 b-h 37 g-k 42 b-h
VC 3786F3-13B-B-B-2B-B-B 1.7 g-i 2.7 b-h 38 f-k 57 a-h 
VC 3786F3-32B-B-B-B-1B-B-B 1.3 hi 2.3 b-h 48 b-k 48 b-h 
VC 3797F3-2B-B-B-B-IB-B-B 1.3 hi 1.7 d-h 47 c-k 48 b-h
 
VC 3797F3-213-B-B-1-23B-BB 
 1.3 ti 2.7 b-li 57 a-k 50 a-h 
VC 3797F3-2B-B-B-B-3B-B-B 1.7 g-i 2.7 b-h 48 b-k 58 a-g
VC 3797F3 2B-13-B-B-5B-B-B 1.7 g-i 2.0 c-h 73 a-d 40 b-h 
VC 3797F3 2B-B-B-B-10B-B-6 1.01 1.7 (1-li 43 d-k 52 a-li 
VC 3797F3-42B-BB--B-1-B-B 1.0 1 2.0 c-h 35 h-k 40 b-h 
VC 3797F3-45B-B-B-B-2B-B-B 1.0 1 2.7 l-h 42 d-k 45 b-h 
VC 3797F3-45B-B-B-3B--B 1.0 i 2.0 c-h 45 c-k 45 b-h 
VC 3797F3-50B-B-B-B-IB-B-B 1.7 g-i 2 7 b-h 33 i-k 45 b-h 
VC 3798F3-3 IB-B-B-B-1B-B-B 0.7 i 20 clI 45 c-k 47 b-h 
VC 3798F3-87B-B B-B-IB-B-B 1,7 g-i 2.0 c-i 53 a-k 43 h-h 
VC 3799F3-69BB-B-B -B-B-B' 7.3 ab 5.0 a-I 77 abc 80 a
 
V 4281 
 1.0 1 1.3 e-h 38 f-k 38 b-h 

"Data a- .	 . i filli' riw()ivilii8 ileMii in ticli vtrc,fl (-riic '-inie lIttr ,ireIILIHI f h+nw.(M( ihi not sigrnificanliy
ifferent 5." leiel 'if:iording' hi Utricirl nmilttpil- inige- ti-, '3 VAA[- tIllee ks a,',dfter emnergenrice: 
!SWAE fiv- v.tfk, iltter -rergeri'o '-tisciitiht flthrh fm ,tt"Pt-	 i:htck 

Table 2. 	Beanfly infestation of selected beanfly resistance breeding progeny, second 
series, AVRDC, autumn 1987. 

No of beanfly larvae + Beanfly damagedProgeny pupae/20 plants" plants (C%)
 
designalion
 

3nWAF' 5 WAE' 3 WAE 5 WAE
 
FH. VC 4035YY-B-B 
 2.7 d 1.3 bc 62 a-u 35 f-i 
Fs VC 4038ZX-2B-B 2 3 d 1 0 bc 52 a-e 60 a-g

F8 : C 4039VY-IBX-B 3.0 d 
 03 c 55 a-c 35 e-i
 
Ft, VC 404 1W-3BX.B 2 7 d 0 7 h~c 
 47 cde 18 I 
F,: VC 4041XX-1B-B 2.7 d 0.7 bc 43 de 38 c-i
 
F8 : VC 404 1XX-2B-B 2.3 d 0 7 hc 48 b-e 47 b-i
 
VC 16,178' 6.3 a-d 3.3 a c 67 a-e 58 a-g

V 428 1' 2.3 d 13 bc 35 
e 37 d-i 

/Data are means of three replicates Means in nach vertiiei cilininri foillowed by t same letter are not significantly
different at 5". Ievel according to Duncan multiplu ran,,s test '3 WAL thiree wefe.ks after emergence:
5 WAE - five weeks after emergence. One of tile r;,epihi; parentS P"Resistanit parenti 

o'lhc deignaled quanlity 
during the firs( fIur apIlications aiid I liter' plot I 1.)1 liters. hat at die succeedino IhrCC appl ications. 
Each sprayer was indi\iduall\ calihrated wilth 

).5-liter spray wlui (50()-; 	 of tle aclive inrC(licill va applied per plot 

a itopwatch and Specific volun es of'pra\ solution could 
lie accuratly and unihiriilh dCli\rCd 1o eachilii toCI ure that a specifiCd aMoun o1 aclivc ingredient 
was applied. Sprayings ,.re done at 3. 7. 1().14. 21. 2X and 35 days alter enicrig'nc (I)Al. 

Insecticide effc'ieness v--,s, CvaluatL at 21 and 35 11.,\t..Thirly pl swere uproolted at randon 
frtm each plot. Each plant was cut open and the nuniher of larvae and iupaC Iund within the StCtIS 
was recorded. [.ikCkisC. tie numehr i1fplants,, ,,ilhvisiile heart ll\dantage. includigi those without 
larvac or 	pupae. was also recorded. 
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Results and Discussion 

The efficacy of several chenicals in controlling beanlly infestation is sumiriarized in Table 3. 
Cyrotnazine at all four rates of application controlled beantlies as well as the check insecticide, 
omethoate, a nonspecific broad-spectrum chemical. Two other IGRs, BAS206 and BAS 166 alone and 
BAS206 with additive BAS09. failed to control the pest. 1AS166 and adJuvant BAS09, gave as good 
control as omnethoate or cyromazine but this treatment caused phytotoxicity. The treated mungbean 
Ibliage had chlorotic vellow spots. The plants recovcred after the treatment was discontinued. 

Table 3. Efficacy of insect growth regulators in controlling beanflies on rnungbean.z 

No.of beanfly larvae Damaged plants
Insecticides Rate + pupae/30 plants (,) 

(kg) 87/10/16 87/11/6 87/10/16 87/11/6 

Cyromazine 10EL 0.075 4.2 bcd 0.5 c 40.8 bcd 37.5 abcd
 
Cyromazine IOSL 0.100 6.0 abcd 2.2 bc 35.0 cd 25.8 bcde
 
Cyromazine 10SL 0.125 3.2 cd 0.7 c 32.5 cde 22.5 de
 
Cyrornazine 1OSL 0.150 4.0 bcd 1.5 bc 30.8 de 30.8 bcde
 
BAS206 lOSC 0.06 9.7 ab 3.0 abc 55.0 ab 40.0 abc
 
BAS206 + BAS091 0.06 + 1.0 8.0 abc 3.0 abc 46.6 b 34.1 abcd
 
BAS166 10SC 0.06 9.2 abc 3.7 ab 44.2 bc 40.8 ab
 
BAS166 + BAS09 0.06 + 1.0 3.0 cd 1.5 abc 24.1 ef 25.0 cde
 
Omethoate 50EC 0.50 0.7 d 0.7 c 8.3 f 18.3 e
 
Control 11.7 a 5.2 a 67.5 a 46.7 a
 

lCultivar = Tainan No. 3. Planted 23 September 1987 Insecticide sprayed 30 Septeniber: 2. 6. 13. 20 and 27 
October; and 3 November 1987. Data shown are means of tour replicates Means in each vertical column followed 
by the same letter are not significantly different at 5' level according to DUncan's multiple range test. Plot size 

10 m 2 . Design = RCBD. YAn adjuvant. 

Characteristics of Asiatic Cornborer 

Damage in Mungbean 

Summary 

Studies were conducted to understand the characteristics of the Asiatic cornborer (ACB), Ostrinia 
fitrnacalis.damage in inungbean and to breed t(ultivars resistant to this pest or develop alternate control 
measures if resistance isnot available. There was a significant positive correlation between plant stem 
diameter and insect infestation. Similarly, accessions with short internodes wcrc signifticantly less 
damaged than those w% had no bearing on ACB damnage.ith hng interntdes. Trichuic dcnity Oin the steI 
Vigna subloata ,', generally lc,,s dalllagcd than r.ighca .I1ndalllO)ng I0(01. ;,Wdb1t accessions, 
25 were free of AC13 damagce. The narrow stcnis of .'V. tuhlohata could be responsible for less AC13 
datiage in this species. In acorn and uinuigbean intecrorp. ACHoverwhelmingly preferrcd corn initially 
hut eventually moved ht iu rgbean after nonst ctrn plants had been damaged. 

Introduction 

In recent years. Asiatic cornbhorer (ACH I, (.trinialrtnacalis (Gn) (ILepidoptera:Pyral idae), a 
serious pest of cotrn. has beconc at important pest of' itungbean in Southeast Asia. In Taiwan this 
insect attacks mtghean in the summer, but is practicallyv absent from autuin through late spring. 
The insect larva bores into the stetis. branches anid green pods. As a consequence of larval feeding 
inside the niungbean tctit, the plant is w,,.akcncd which at tities results in wilting of the entire shoot 
above the insect feeding rpoint. In 1985 2.XX) iungbean accessions and 159 breeding lines were screened 
for resistance to this pest. Since all entries were datiagcl, the least datnagcd oies wyere tested 
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in 1986, and nine entries were selected for further screening and studies on the characteristics of ACB 
damage. 

In the second test, 100 Vig'na subloibtta accessions were screened for resistance to stern 
damage by the ACB, while in the third test, the preference of the pest for corn and rnungbean was 
studied. 

Materials and Methods 

ACB damage characteristics. Nine least damaged mungbean accessions from the 1986 test 
were planted with two known susceptible checks. Each entry was planted in four randomly selected 
single 5-rn long i-ws, with a distance of 0.75 iii maintained between two adjacent rows. The planted 
area was surrounded by three rows of' corn, planted one month before the planting of mungbean, 
on all sides. Laboratory-reared ACB pupae %,erereleased on each corn plant to increase the insect 
population which first attacked corn until it was totally infested and then moved to the mungbean 
crop khen the plants reached the proper stage for infestation (six to seven weeks after germination).
Eight to nine weeks after germination, t! • stems and branches of each plant were o served for ACB 
damage. At this time, stei diameter at several points, number of nodes, length of each internode 
and trichome density at five points oil the main stem with 5-uran wide circumnirence were recorded. 

ACB resistance in Vigna sublobata. Seeds of each of the 100 V.. silobata and four 
mungbean accessions were planted as single 5-rn long rows with a distance of' (.75 in maintained 
between two adjacent rows. F:ch entrv was planted in two randoinly selected plots. The planted area 
was surrounded by three rows of corn. At intervals, starting a nlonth after germination, h.boratory
reared ACB pupae were released on the corn to increase insect population and chances of insect
infestation of, V. sublolma1. Ten weeks after germination. each V. sublobata plant was observed for 
ACB damage on tie inain stein and branches. The percentage of plants damaged in each accession 
was calculated. 

Preference of ACB between mungbean and corn. A parcel of land was worked into 
0.75-in wide beds. The field was divided into 12 6 m2 plots arranged in two rows of six plots each,
with a distance of 0.75 in between two adjacent plots. Mungbean (cv. VC 1973A) was planted in 
six selected plots, three in either row, and a local cultivar of colrn in the renaining six. Both crops 
were cultivated using standard cultural practices except that no insecticide was used. In the center 
of the (.75 in empty area between two rows of plots, seven insect-release stations (a perforated wooden 
box mounted oi a I -ill high pole) were erected at even distances fron one end to the other. Starting
two weeks after germination, an equal number (If laboratory-reared ACB pupae were released in each 
station. The adults flew out ofthe wooden box and infested tile crops. Three weeks after tile initiation 
of insect release, insect damage to both corn and mungbe'n was surveyed by observing each plant
in each plot. The number of damaged plant'i was converted to th"l percentage of damaged plants per
plot. Observations were carried out three tines at two-week ii: -vals before nlungbean pods were 
ready for harvest. 

Results and Discussion 

ACB damage characteristics. The extent of ACB damage to 1liuingbe:-u plants is summarized 
in Table 4. The insect population was, clatively lower than in the past years. Two accessions, V 1006 
and V 2166, which were least damaged in previous tests also reimained least damaged in this test. 
There was a significant positive correlation between steni diameter and ACB damage (Fig. 1).
Plants with bigger stei diameters can accommodate more ACB larvae boring inside than 
those with smaller diameters. However, for high yield a vigorous pii'nt with big stemi diameter is 
required. Thus. the resistance associated with narrow steii diameter can not be of niuch practical 
value. 

Similarly. there kkas significant positive correlatioi between the iength ofinternodes onl the imain 
stein and ACB daiage (Fig. 2). Although the influcnce oIf this plant character on ACB inlestation 
If lungbean cannot be explained at this stage. the length of interi(des can serve as a useful criterion 
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Table 4. ACB damage to selected mungbean entries, AVRDC, 
summer 1987.' 

Entry designation Plants damaged (%)_ 

V 2762 9.L a 
V 2719 7.9 ab 
V 2555 7.8 ab 
V 2433 5.8 b 
V 2167 5.8 b 
V 2136 5.4 b 
VC 1000C 5.4 b 
V 2739 5.1 b 
VC 1973A 5.1 b 
V 1006 4.9 b 
V 2116 4.7 b 

ZData are means of four replicates. Means followed by the same letter are not 
significantly different at 5% level according to Duncan's multiple range test. 
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Fig. 1. Correlation between mungbean stem Fig. 2. Correlation between internode length on 
diameter and ACB damage. the main stem and ACB damage. 

('Or selection of plant, with less susceptibility to ACB and possihly other stem-horing pests. There 
was no correlation bctween trichome density on plant stenm and AC3 damage. 

ACB resistance in V. sublobata. Aniong the ". .bobuhata ACB danageIt)(0 plants, the 
ronged froi (0t i14. I 1 t ttbe plant,,. T e nt \ e accessiOn, had tndan gce uhh)bata\v-Ii at all. Two 1.. 
accessions w\ere more daniacd than the susct.Cihle nlltlllgbCatn checks,. ,, 111hr Of -"A 1.ge 
with no danlage indicated Ihat I'. suhilobaa is probablv less prele'rcd than 1'. I didth. This Ctnld 
very well be duc to. in gceneral. the snall sitcn diameter ol. slvbloaa specics This might make 
11..Nuhlohata less uScrul in breedigilininnebCan cullivar-S (or O.sirinia resistance. 'Ihis aspect will be 
investigated bCfore judging the utlilily of .V.udlohuta inhrceding AClI-resistant mungbean. 

Preference of ACB between corn and mungbean. Between plants of similar age. ACB 
overwhelmingly prelerred to fced On corn rather than on ninriglean (Table 5). However. with time. 
as more and more corn) palts becallc infested, the illect moved to the nItliihean plants. K-,en when 
almost 1009'- tif the corn platts were inl'sted. inl'cstatitm in tnung.bgean was otnly 38'/ . This indicated 
that corn is the primary host and that the insect inl'ess iltigb l01tnly iliIuingtean is in the vicinity 
or the damaged corn gets hi.rvested helore Inurgbean is ready for harvcst. Avoiding planting of 
mungbean in the imnediatC vicinity of corn will thus rcdtcc ACI3 datiage 1t inunghean. 
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Table 5. 	Asiatic cornborer Infestation of simultaneously plarted mungbean and corn, 
AVRDC, summer 1987.z 

Crop 	 Date Damaged plants (%)Y 
Mungbean 12 July 1987 	 4.2 b 
Corn 	 31.5 a 
Mungbean 11 August 1987 	 25.7 b 
Corn 	 56.8 a 
Mungbean 19 August 1987 	 38.2 b 
Corn 96.0 a 

ZPlanting date: 16 June 1987. YData are means of six replicates. Means in vertical columns for each 
observation interval followed by the same letter are not significantly different at 5%level according to Duncan's 
multiple range test. 

Screening for Bruchid Resistance 

Summary 

A bruehid. Callrsohnlrchus chimn..i.. causes considerable damage to stored niungbean practically 
throughout the world. AVRI)C identified one black gram accession. VM 2 164, which is highly resistant 
to the pest and initiated a breeding program to dcvelop agronomic nitinghcan with hruchid resistance.In 1987 two hackcross popullations. I 1 O and BC1 FV. were screened fI re:;istance to hrtchid in 
storage. Certain BI1 F, popilhlons that showed less bruchid dtmnage were as susceptible in the next 
generation. B 1 :,. ,ts check. was that althloutlh the hybrids ot,C the ",luccpliblC muntlllbehCan l fhtdllt 
Iunlgheal and VNI Il1 were2164 \kcrc rcinitalt. advanced progcniestiat carry iore Iutng1hean traits 

suscepihle to hruchid inCstat ion.
 

Introduction 

A bruchid. (,lloohruchus chinensis IL.(Coleoptera: BruchidaC). Asa serious pest ofl" mungban
and several other Iood legumes in storage. The primary infestation hegins in (lte field where adults 
lay eggs on green pods and the newly emerged larvae hore through tihe pod cover into the developing 
seeds. The larva feeds concealed inside the seed. When such seeds are harvested ard stored, the hruchid 
aduls emerge and lay eggs on the neighboring seeds and infestatiom spreads throughout the container. 

Since slored rillngean sCCs are frCqlently uSCd for hulall CnSlliuptiol. the use of illSecticides 
to prOItct such seeds po ses health hazards. To conlbat this pest . [lie ptissi hiliIiv df e\Cloiltg 1uinrig bcani 
cultivars resistant to it is being examined. Inthis connection, piart of"the AVRI)C mungtiean germplasin 
was screened and one black grain accession. VNI 2164. which is very highly resistant to C'. rhinensis 
was identified. The \AVRDC mungbean breeder crossed this accession with a high-. ielding agronomic 
munghcan line and ill 1987. one BC, and BC, :1,population each was screened ndanselections lr 
further ilmprovemienlls %\ereiiade. 

Materials and Methods 

The screening e ,perirnet invo eld exposing murghcan seeds in the lahoratory to bruchids; 
multiplying least daintaged entries in the field: harvesting individual plants for further screening; and 
identifying resistant genes in high-yielding agronormic ilurngeban lines. 

BCjFs. The 389 eutries intcluded in this test were harvested from IIl plamts. Seeds front 
individual plants were confined illnindi\ idual llasks. and 20 to 50 one- to three-day old bruchid adults 
were confini.d with the seeds liit onc week during which they laid eggs on tie seeds. 'lhe brttchid 
o,.'posited ,.eeds were maintaited at 310 C for three more xxecks. The number o"first elerationi adults 
that emerged from thie infested seeds \%as recorded, and tile riuribcr of insects per grai of seeds was 
computed for comparisol. 
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BCiF 6 . Two least damaged BCIF 5 entries from the above test were sown in the field and 
grown 	using customary cultural practices except that no insecticides were utilized. At harvest seeds 
from each of the 48 plants were bulked. In the laboratory the seeds of each of the 48 plants were 
individually confined in 50 ml Erlenmeyer flasks, and 50 adult insects were held over them for one 
week for ovipiition. Tile bruchid oviposited seeds were held for an additional three weeks, and the 
number of first generation adults that emerged from the infested seeds was recorded. At this stage, 
the total number of seeds and the bruchid damaged seeds were alm counted. The number of insects 
that emerged and the percentage of damaged seeds were analyzed by linear regression to study the 
correlation between insect emergence and actual damaged seeds. Seeds from two least damaged entries 
were maintained for a further three weeks to observe the second generation before deciding upon 
their suitability for further improvement or release. 

Results and Discussion 

In the first test amiong the 389 entries, only four had a minimum number of first as well as second 
generation insects which emerged. These entries were planted in the field to increase seeds and make 
further 	selections. Hovever. two entries failed to germinate. 

In the second screening of the 48 BCI F6 populations, the number of first generation insects which 
emerged varied from 1.8 to 34.7/g of seeds and the percentage ofdamagcd seeds from 8.8% to 92.7%. 
Two entries. Ft,: IVBC I- I- I - 16-20 and F(,: IVBC I- I-1-20-22. had the least number of irst generation 
insects 	which emerged - 1.8 and 3.4/g - seeds and percent seed damage of' 8.8% and 12.6%, 
respectively. However, these entries were destroyed by the second generation of bruchids. 

There was a highly significant positive correlation. r = 0.9384 * :, oetween the number of adults 
which emerged and the percentage of danmaged seeds (iig. 3). In most case s,only one adult insect 
emerged from one seed. 

100 

0 

, ) -0 :' 	 r : 0.9384 
0D 	 V 
E 
0 25 

0 	 fI I I 

0 5 10 15 20 25 30 )5
No. Adults Emerged /g Seed 

Fig. 3. 	Corr,.-lation between the number of Callosobruchuschinensis adults 
which emerged fron; seads and percentage of damaged seeds. 

New 	Sources of Resistance to Callosobruchus chinensis 

in Mungbean 

Summary 

All 100 V. sublohata accessions studied in the search for new sources of'resistance to a bruchid 
storage pest. Callosohricluschiiensis,within munghean or cross-compatible Vigna species were found 
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resistant to it. The insect laid eggs on some accessions but the larvae Iailed to bore into the seeds. 
The rough and hard seed coat appeared to be responsible flor this. One beanlly-resistant V. glabrescens 
accession, V 1160, also showed a high level of resistance to C. chinensis. Among additional mungbean 
germplasm screened recently, one mungbean accession showed a high level of resistance. The 
mechanism of bruchid resistance in this accession will be studied in 1988. 

Introduction 

('allosobruchuschine is L. (Coleoptera: Bruchidae) isan important pest of utngblgean and several 
other food legunes practically throughout the tropics and subtropics. Although the insect damage is 
serious in storage its preliminary source of infestation conies from the lieli where adults lay eggs 
on developing pods and the newly hatched larvae bore into the seeds. The harvest of such seeds at 
maturity shifts the intfestation to the storage where the newly emerged adults lay eggs on neighboring 
seeds, thus, spreading the infestation. To control this pest inexpensively without the use of toxic 
insecticides, AVRDC has been working on developing niungbean cultivars resistant to C. chinensis. 
One black gram accession. VM 2164 which is very highly resistant to this pest. has already been 
identilied. This accession has been used in AVRDIC's resistance breeding program but unusual 
difficulties have ben encuntered during the breeding process. In addition, screening of progenies 
has revealed dil'ficu!ties ingetting resistance into seeds which are more of the iungban type. Therelore, 
efforts have been renewed to search for newer sources of resistance, if possible il niungbean gerinplasln
itself. Thus ill 1986-87, seeds of certain elite niungbean accessiollS and V. sublo aut gerniplasi were 
screened for hruchid resistance. 

Materials and Methods 

All tests on nnnghealn seeds and related species were placed il) the laboratory. Seed samples were 
placed in 60 ml lirlenmeyer flasks and two- to three-day old brachid adults were confined with the 
seeds for one week. In that time, the insects laid eggs or, the seeds and iosti of them died. Thie insects 
were discarded and the seeds maintained at 30'C for an additional three weeks to permit emergence 
of the first generation adults. In sonic cases, in addition to adult eniergence, the nuiiiber of seeds 
vith bruchid daniage, as revealed by the presence of holes in the seeds, was also recorded and the 
percentage of seeds showing such damage was coiputed to compare their resistance level. 

Alter observations on the first generation were completed, the seeds, in some cases, were maintained 
in a similar manner for an additional three weeks, and the second generation insects which emerged 
and the seeds they damaged were recorded. The insect count and the percentage of damaged seeds 
were analyzed by ANOVA, and ineans were separated by Duncan's multiple range test. 

Results and Discussion 

Screening of V. sublobata. In this screening, I00 V.suhlohata accessions were tested, along 
with one susceptible entry. Tainan No. 3, and the resistant black gram accession, VM 2164. All V. 
sublohala entries were resistant since none of the first generation bruchids emerged from the seed 
samples. In the susceptible check. on the average. 46 bruchid adults cmcrged. It was found that in 
V. sublobata, 10/( to 2( seeds had bruchid eggs. Microscopic observation revealed that all V. 
sublohata seeds are rough textured and have hard testa. Practically none of the eggs had hatched. 
Inquiries revealed that it isdifficult tm,germinate V. subhkbata accessions, and in iost cases scarifying 
of the hard seed coat is required. This hard coat seems to be the major reason for the resistance of 
these accessions to bruchids. 

Screening of VC lines. In this test. 128 high-yielding agrononic inulighean breeding lilies 
were screened f'or resistance to bruchids. The preliminary tiest was done with a single replicate and 
the least danaged entries were screened for the second time in three-replicate tests. All of the 128 
breeding lines were found is susceptible as the standard susceptible check, V 2184. 

Screening of beanfly-resistant accessions. In this test, seven new nmungbean entries 
four accessions and three purified selections of another accession were included. All entries had 
shown moderate to high levels of resistance to the beanflies, mainly Ophiomyvia phaseoli (Tryon). 
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The study aimed to see whether beanily-resistant accessions are also resistant to bruchids. An accession 
with resistance to two major pests will hasten AVRDC's insect pest resistance breeding program.
The methodology used was similar to tie one described earlier. Adult emergence is sumnmarized in 
Table 6. 

Except for V 1160, all beanlly-resistant mungbean accessions were as susceptible to bruchid as 
the bruchid-susceptible check. Accession V 1160, a Vigna glabrescens material which ishighly resistant 
to beanfly was also highly resistant to bruchid. This accession is also resistant to several other insects 
and even diseases. The resistance characters of thi, accession need to be incorporated into agronomic 
mungbean lines. 

Bruchids lay eggs on the seeds of V 1160 and the larvae bore inside the seed. However, after 
boring short tunnels, the bruchid larvae died inside the tunnels. In the case of VM 2164. the larvae 
failed to burrow inside the seed. 

Rescreening of sAlected accessions. In late 1986, in a study on the influence of seed 
coat color on the oviposition and infestation of mungbean by the bruchid, it was Ibund that one mungbean
accession, V 2802, was the least damaged in one nonreplicatcd and one replicated test. In spring 1987, 
this accession was planted in an insecticide-free field and soon after harvest it was tested, along with 
one resistant (VM 2164) and one susceptible (VC 1973A) check for bruchid resistance. The results 
of the first and second generation adult emergence and seed damaged are summarized in Table 7. 

As expected bruchid-resistant check accession, VM 2164. was free of insect damage and no insects 
emerged from the seeds. In the case of V 2802. very few first and second generation insects emerged
from the seeds. Their damage to the seed was minimal. In fact, there was statistically no signilicant
difference in bruchid number and the damaged seeds between VM 2164 and V 2802. VM 2164 is 
a black gram and its utility in breeding bruchid-resistant mungbean cultivars is limited. V 2802. on 
the other hand, is a in uingbcan and its uitilization in the breeding program will not have any limitation. 

In autumn 1987. V 2802 was planted again ina pesticide-free area, and after harvest the mechanism 
of bruchid rcsistan,',, in this accessionl will be studied before utilizing it in the bruchid resistance breeding 
program in 1988. 

Table 6. Emergence of first generation bruchid adults from selected beanfly-resistant 

mungbean accessions. 

Accession no. No. of bruchid adults per 10 g seeds 
V 1160 z 

9 d 
V 4920 z (brown seeds) 151 ab 
V 4920' (green seeds) 173 a 
V 4920 z (yellow seeds) 119 bc 
V 4947 z 134 bc 
V 5784' 169 a 
V 5973 z 115 c 
VM 2164" 0 d 
VC 1973A' 147 abc 

ZBeanfly-resistant accession. YBruchid-resistant check. XSusceptible check. Data are means of three 
replicates. Means followed by the same letter are not significantly different at 50/. level according to Duncan's 
multiple range test. 

Table 7. Infestation of selected mungbean accessions by Callosobruchus chinensis. 

Accession no. 
No. of insectsl10 seed' 

1st generation 2nd generation 
Damaged seeds (%)' 

1st generation 2nd generation 
V 2802 7.2 b 3.3 b 2.9 b 0.9 b 
VN 2164 0.0 b 0.0 b 0.0 b 0.0 b 
VC 1973A 156.5 a 92.0 a 78.4 a 12.6 a 

ZData are means of four replicates. Means in each vertical column followed by the same letter are not signifi
cantly different according to Duncan's multiple range test. 
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Strategies in Pepper Improvement 

Summary 

Based on literature, aqu,'stionnaire survey and AVRDC's own observations, problem areas which 
deserve high priority in thi pepper varietal improvement program are resistance to: (I ) viruses (TMV, 
CMV, PVY and CVMV), Phytophthora rot, bacterial leaf spot for both hot and sweet pepper; (2) 
bacterial wilt (sweet pepper); and (3) anthracnose (hot pepper). Sunscald-tolerance (sweet pepper) 
and increased pungency (hot pepper) also require atention. Early maturity is essential to make the 
crop more easily adaptable to various tarming systems. More basic studies are needed on fruit 
development under heat- and virus-ste,;s conditions and on root reaction to excessive soil moisture. 
Green bell-type sweet peppers of about 100 g were found to hc the most widely accepted while 
consumers' preference f'or hot peppers ,aried greatly. 

To adapt sweet pepper to the tropics, concurrent backcross programs for each one or two traits, 
followed by a pyramiding process in one ,cnotype arc proposed. In hot pepper, provision of raw 
and enhanced breeding materials should receive the highc, prority to help national programs tackle 
area-specific problems and hence, will be the major activity of AVRDC. The desired breeding nature 
of improved genotypes and the desirable type of cooperation with national programs, as well as subject 
areas which need urgent attention from other disciplines, are discussed. 

Introduction 

During the first year after selecting pepper as a new principal research crop, the most urgent 
and essential tasks of' the crop improvement program became the establishment of a sound breeding
goal, setting of practical objectives based on the crop situatirn and problems in the major target areas, 
and definition of working priorit;-s based on available resources and given environriental factors. 
The information collected from various sources summarized here should lead to asound prioritization 
of the pepper crop improvement program in the coming years. 

Methodology 

Information was collected mainly from four different sources: (I) reports from the previous pepper 
trials under AVRDC's new vegetable project: (2) questionnaire survey inputs from 58 respondents 
from 29 different territories/countries specializing in pepper research: (3) :iterature including
monographs, survey reports and review papers on related subjects; and (4) results obtained from the 
experiments done under various disciplines in 1987. 

The AVRDC Progress Reports for 1983-85 have se "tions for the new vegetable projects and, 
therefore, were used as an informatioi; source of the fi. ' :ategory. Questionnaire forms covering 
a wide range of questions were distributed to 2.0 professional workers and institutes involved in pepper 
research, and 57 completed copies were returned, often with answers only to selected questions. The 
largest number of respondents were breeders followed by pathologists and general horticulturists. Their 
distribution by country and region is shown in Table I. Literature on the general situation of' the ,.rop 
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was rather limited, since most inlbrmation deals with specific subjects. The major sources of information 
in this category are listed in Table 2. Information from these source categories were quantified as 
indicators for relative importance among problem arLas whenever possible.

Plant growth and development, fruiting, disease and insect incidence and others were observed 
in monthly plantings, which started at AVRDC in September 1986 with sen sweet and five hot pepper
culkivars. Observational results from the virus survey and from visits to other fields, inside as well 
as outside AVRDC. were also considered. 

Table 1. Distribution of respondents of the pepper questionnaire survey, by region and country. 

Asian Tropics 
India 
Indonesia 
Israel 
Malaysia 

15 
2 
3 
1 
2 

Africa 
Egypt 
Ethiopia 
Nigeria 

' 
1 
3 
1 

Philippines 
Taiwan, China 
Sri Lanka 
Thailand 

1 
4 
1 
1 

Europe 
Denmark 
France 
Italy 

9 
1 
2 
1 

Temperate Asia 
Japan 
Korea, Rep. of 

6 
1 
5 

Netherlands 
Romania 
Turkey 
UK 

1 
1 
2 
I 

America 
Argentina 
Brazil 

16 
1 
2 

Oceania 
Australia 
New Zealand 

7 
5 
2 

Canada 1 
Colombia 2 
Guadeloupe (France)
Peru 

1 
3 

USA 6 
Total: 57 

Table 2. 	Literature used in identifying priority problem areas and breeding objectives 
of pepper program. 

1. Choudhury, B. 1967. India - the Land and the People - Vegetables. National Book Trust, 
India. 214 p.

2. Grubhen, G.J.H. 1977. Solanaceaous Fruits. p. 25-37. H.D. Tindall and J.T. Williams, eds. In
Tropical Vegetables and their Genetic Resources, ASP:IBPGR 177/23. FAO/IBPGR, Rome.

3. IBPGR. 1983. Genetic resources of Capsicum - a global plan of action. 
AGPG/IBPGR/82/12. IBPGR/FAO, Rome. 49 p.

4. Knott, J.E. and J.R. r'anon, Jr. 1967. Eggplant, tomato, and pepper. p. 97-137. In
Vegetable Production in Southeast Asia, University of the Philippines at Los Bahios 
(UPLB), Laguna. 366 p.

5. Martin, F.W., J. Santiago and A.A. Cook. 1979. The peppers, Capsicum species. Vegetables
for the hot, humid tropics, Part 7. ARSEA, USDA. 

6. Muthukrishnan, C.R., T. Thanganaj and Chatterjee. 1986. Chili and Capsicum. p. 343-384. 
Naya Packach, ed. In Vegetables in India. Culcutta. 

7. Sugiura, M., C.M. Eandaranayake and G.H. Hemachandra. 1975. Chili virus d;sease in Sri 
Lanka. TARC Tech. Bull. No. 8. 62 p.

8. Tindall, H.D. 1983. Vegetables in the Tropics, Solanaceae. p. 34i-381. McMillan Press, 
UK. 

9. Tindall, H.D. and F.A. Sai. 1965. Peppers. tomatoes and related crops. Fruits and 
Vegetables, FAO, Rome. p. 257. 

10. Yamaguchi, M. 1933. Pepper, Pimiento, Chilli, Aji. p. 303-307. In World Vegetables. AVI 
Publishing Co., USA. 
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Horticulturally, sweet and hot peppers are two different crops. However, they botanically belong 
to the same taxon and share the great part of diseases, insects and other problems. Therefore, these 
two crops are treated together, unless the nature of the subject under discussion makes it otherwise. 

. 'hi prioritized research objectives and strategies proposed in this report are based on the 
infoimation gathered and the available resources. 

Genera: Situation and Goal 

Although peppers originated in the Central and South Americas and are now grown worldwide, 
more than three-fourths of the production area is within Asia (Table 3). In the tropics, in spite of 
production constraints which are discussed below, hot pepper is popular, comprising an essential part
of the diet, primarily as a spice. On the other hand, sweet pepper is grown only in the highlands 
and is rather exotic te lowland dwellers. 

The goal of the AVRDC pepper improvement program, 0herefore, should be (I) to help tropical
hot pepper grow,:rs tackle production constraints thiugh improved genotypes, increased yield and 
stability and improved marketability and processing quality; an' (2) to develop sweet pepper varieties 
that can be successfully adapted to tropical lowland farming systems. 

Major Production Constraints 

Diseases are generally considered as the most serious constraint in both hot and sweet pepper 
production (Figs. I and 2). In hot pepper, flooding (including excessive soil moisture problems) is 
indicated as the second most important problem, especially in tropical Asia (Fig. 1). Although flooding 
is not a major problem globally in sweet pepper, it is in tropical Asian countries. Lack of suitable 
varieties to g,,)w in existing farming systems is the next most important production constraint in sweet 
pepper (Fig. 2). This may be partly related to the fact that farme,:, do not save sweet pepper seeds 
from their own fields unlike in hot pepper. This also indicates that sweet pepper is not yet genetically 
adapted to a wide range of farming environments, especially in the tropics. Insect pests are considered 
as the third most serious problem in both hot and sweer peppers. Drought and marketing problems 
are also indicated to be serious for sweet pepper in ryions other than tropical Asia. These imply 
the high-input, market-oriented nature of the crop. 

Among the diseases, the virus complex is the most important, regardless of the information source 
(Table 4). Among the fungal diseases. Phvoplthora capsic;,anthracnose (Col'totrichuln capsiciand 
C. gloeosporioides) and damping off (Pithium spp. and Rhizoctonia spp.) are generally rated highly 
serious. Powdery mildew (Leveilhda taurica), Phonia leaf spot (Phona destructa), Southern blight 

Table 3. Production and planted areaz of peppers, 1985. 
y

Production area 

('000 ha) (%) ('000 t) (%) 
World 1,867 100 11,352 100
 

Africa 170 9 1,221 11
 
N. and C. America 97 5 867 8 
S. America 20 1 172 2 

Asia 1,434 + 77 + 6,683 + 59 +
 
China (163) (9) (1,825) (11)

India (826) (44) (2,555) (23)

Indonesia (102) (5) (205) (2)
Korea (118) (6) (825) (7)
Othersx (221 +) (12 +) (1,273 +) (11 +)

Europe 146 8 2,408 21 
Oceania ? ? 1 0 

ZSources: Mathukrishnan et al. 1986 in Table 2. India and FAO Production Yearbook 1985 for other countries. 
YYield for India and Korea was converted from dry weight by multiplying five times. XStatistics are missing
for Thailand and Malaysia, where pepper is widely grown. 
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(Sclerotium rolfyi), Fusarium wilt (F. annimn), and Cercospora leaf spot (Cercosoracapsici) may 
become serious in certain regions and seasons. They, however, do not seem to be as widely distributed 
as the diseases mentioned above. None of them seems endemic in Taiwan during the rainy summer 
season. Bacterial wilt (Pseudonionassolanacearun) and bacterial leaf spot (Xanthomonas vesicatoria) 
are the serious bacterial diseases. AVRDC pathologists noted that a high level of resistance to bacterial 
wilt exists in some of the tropical hot pepper collection. The nematode situation is somewhat obscure. 

Many kinds of viruses are reported to infect the pepper plant. The frequently kncountered ones 
in the literature are listed in Table 5. Considering all the information from different sources, tobacco 
mosaic virus (TMV), cucumber mosaic virus (CMV) and potato virus Y (PVY) seem to be more 
important than others. Tobacco etch virus (TEV) may be rather regional, and is prevalent in North 
America. TEV and pepper mottle virus (PLMV) were previously reported to be problems in Taiwan, 
the latter being very prevalent. Neither were, however, detected in the intensive survey conducted 
by AVRDC virologists in 1987. Chili veinal mottle virus (CVMV) is a newly reported virus in 
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Table 4. Importance z of various pepper diseases from different Information sources. 

Literaturex Questionnaire surveyw
NV Reportsy 1986-87 

Virus complex
Phytophthora rot 
Anthracnose 
Bacterial wilt 
Damping off 
Bacterial leaf spot 
Nematode 
Southern blight 
Cercospora leaf spot 
Powdery mildew 
Fusarium wilt 
Othersv 

ZEH = extremely high: VH = very high: H high: M = medium; L = low. YReports of the New Vegetable
Project (Annual Progress Reports 1983, 1984, 1985). XSummarized from literatures listed in Table 2.WScores are based on the frequency and importance of the disease. (100 = all respondents rated as the most
important disease: 0 = no respondents listed the particular disease). VBlackmold, mycoplasma, soft rot.
Verticillium wilt, etc. are mentioned depending upon the source of information. 

Table 5. Prevalence/importancez of various viruses from different information sources. 

1986-87
NV reports Survey Literature 

TEV L 
TMV VH 
CMV VH 
PVY VH 
PVMV L(?) 

PMMV L(?) 

TRSV L(?) 

TSWV L(?) 

TLCV L(?) 

PeMV VH 

CVMV -


ZEH = extremely high: VH 


observation Tropical Asia Other regions 
VH VH VI- EH (99) EH (90) 
- VH VH VH (49) VH (52) 
- H(?) VH H (38) M (19) 

VH H(?) VH H (34) H (20)
H H H (29) H (34) 

- H H H (22) H (42) 
? M M (11) M (17) 

VH ? L-M L (5) M (13) 
- I. VH L (4) L (5) 
- L L-H . (2) L (10) 
- L H L (10) L (2) 
- L L L (< 10) L (< 10) 

L H 
VH VH 
VH VH 
VH VH 
L M 
? L 
? L 
? L 
? M 
L L 

VH -

Tropical Asia 

M 
EH 
VH 
VH 
L 
L 
L 
M 
M 
L 
-

= very high: H high: M = medium; L low. 

Questionnaire
Other regions 

H 
EH 
VH 
VH 
L 
H 
L 
H 
H 
L 

Malaysia and it seems highly prevalent not only there, but also throughout the Southeast Asian region, 
including Taiwan. 

Table 6 summarizes the insect pest situation (including mites). Aphids, being the nia'jor vector 
for important pepper viruses. are the most serious. Even when kept to a low population density by 
chemical and other control measures, they effectively transmit most of the problem viruses through 
the nonpersistent (stylet-borne) mode of transmission. Thrips and mites are the next most important. 
Mite population was high in fields sprayed with insecticides (not miticides). but low ill those without. 
The low incidence of mites may have been controlled by the presence of natural parasites kept active 
when insecticides were not spraycd. Mites. however. should be a iroblem in most of the farmers' 
fields because chemical insect control israther comnimonly practiced in the cultivation not only of sweet 
pepper but also of hott pepper (Fig. 3). Their poptilation is lower during the hot season than in the 
cool season. There are also numerous other insects which attack pepper plants and fruits. Among 
them are cut worms and fruit worms, which were identified by the respondents during tile survey 
as being serious problems. 

Blossom end rot and sunscald are often mentioned as niajor problems in the literature. The latter, 
but not the former, was also confirmed as a major problem, especially in AVRDCs sweet pepper 
plantings during the hot season. It is suspected that fruit setting would be a problem in sweet 
pepper production under hot temperature conditions. However, all the sweet pepper entries in the 
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Table 6. Prevalence/Importancez of major Insects from different Information sources. 

1986-87 y Literature Questionnairex 
Observation Tropical Asia Other regions 

Aphids H (M - L) EH EH (87) EH (84)

Mites L (VH)w H VH (67) VH (42)

Cut worms L (L) L VH (53) H (21)

Fruit worms - (-) L H (31) H (29)

Thrips H (H) H H (41) M (15)

Pepper weevil - (-) H L (< 10) L (< 10)

Others L (L) L L (< 10) L (< 10)
 

zEH = extremely high; VH = very high; H = high; M = medium; L = low. YResults from unprotected fields 
are shown outside parentheses, while results from insecticide-protected fields are shown within 
parentheses. Scores given in consideration of frequency and importance order (100 = all respondents rated as the most important insect; 0 = no respondents listed the particular insect). WVery high only in the
insecticide-sprayed fields. 

Tropical Asia Other Regions 

Hot pepper []Coten Hot pepper 

[]Seldom 
iiiiiiiii [No answer 

8F0.. 3. 

Sweet pepper Sweet pepper 

Status of Insectlclde use 
as perceived by the 
survey respondents. 

monthly plantings normally set fruits in the earlier part of reproductive growth, even during thc summer 
season. As the reproductive stage advances, fruit set was observed to decrease more rapidly during
the warm season. This seemed to be an indirect effect of rapid virus disease development rather than 
the high temperature. The more obvious phenomenon observed was reduction of fruit size during 
the hot season compared to the cool season (Trable 7). Fruit size reduction was observed inboth swct 
and hot cultivars. The ratio of early, yield to total yield was much higher in the hot season than in 
the~cool season due to the shortened harvest period. In addition to rapid physiological aging, heat 
stress on fruit development, as well as rapid disease (especially viruses) development under high 
temperature, may have shortened the harvest period. The in'/olvement of these factors and the 
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Table 7. 	Comparison 0' the performance of sweet and hot pepper cultlvarsz between 
cool and hot st~asons. y 

seasons were 28 November 1986 and 28 April 1987. respectively 

Hot pepper Sweet pepper 
Cool (A) Hot (B) B/A Cool (A) Hot (B) B/A 

Total yield (t/ha) 
Total early yield (t/ha)X 
TEY/TY (%) 
Marketable yield (t/ha) 

30.6 
7.2 

18.6 
29.4 

17.4 
12.2 
73.2 
15.8 

(%) 
57 
59 
-
56 

61.7 
18.3 
30.0 
47.0 

19.8 
14.3 
74.0 
16.3 

(%) 
32 
78 
-

35 
Marketabe early yield
(t/ha)' 

MEY/MY (%)
Mean unit fruit wt. (g) 

5.6 
19.6 
18.4 

9.0 
73.2 
10.6 

62 
-

58 

16.8 
32.8 
92.0 

12.8 
79.2 
52.7 

76 
-

57 
'Means of five hot and six sweet peppers included n both plantings. YTransplanting dates for cool arid hot 

XYield within two and three months from 
the first flowering of sweet and hot peppers, respectively. 

relationship ainong them are still to he confirned. Fruit malformation was alsto observed to increase 
during (ie hot season. 

Preference 

To be well accepted by the growers, a cultivar should porsess the desirable preferred traits, which
often differ from one location to another. In a breeding program such as AVRI)C's, which serves 
a w.'ide region, it is important to identify riot only the characters of most concern hut also those Most 
widely preferred. 

In hot pepper, pungency. fruit size and color, and fresh fruit shape seem to be equally important
in the Asian tropics, while fresh fruit shape is slightly less important in the other regions (Fig. 4).
A higher level of pungency is desired by many growers and processors. This was also confirned 
by the respondents of the questionnaire survey (Fig. 5). The survey results indicate that elongated
or slightly plump fruit of about 20 g isthe most widely accepted, although the preference was found 
to be very diverse and arca-spccilic. A shiny strong red color and smooth skin mie important
characteristics. High sitgar content is preferred in certain coultries. 

In sweet pepper, fruil size and color are perceived as the most important preference traits. followed 
by fresh fruit shape and fruit wall thickness (Fig. 6). A I1 g bell type with dark green color is favored 
by the majority of' survey respondents. Thicker fruit \wall is generally preferred by the consumers, 
except in Taiwan ',%here thin fruit wall is regarded ata premium characteristic. 

Genetic 	Variation and Genetic Information 

Most cultivated hot peppers, aid practically all sweet peppers, V !,mg to Capsicum amiuum. C. 
,/'itscensand three more species, C. bauccalum, C. chinense and C. mhescens, are also domesticated 
mostly as hot peppers. There are also 20 to 30 wild species in the genus. Although C. (lflltlmltI holds 
a great deal of genetic variation, man useful genes, such as high pungency and disease resistance,
have been found in other wild and domnesticated species. Except for C chim'nse and C. fruescens, 

. anntnttn shows a high sterility with other species in different degrees (Lippert et al 1966)1. For 
certain interspccific crosses, useful bridges have been found (1tam and Pickersgill 1986)2. 

thgen.ic, ofithet.ippcit. 1.1., P.G. Sinilili aid l ()i. Iii i 1 196h. ( i ecgcilable crops. Garden pcpper. C .aicum sp. BilRe. 32: 2.-55. 

anrd B.Pickersgill. I')i' 	 ('11pui tim hauia2ltarn. K.H 	 ,lrinci,togene exchange bheteci and C. cardcenasii. Proc. Fifth
EUJ('ARItA 	 )ireedig 	 Capii, and tiggpani. 1Meeting in ( eeiici' and n(:n am .13-17. 

http:thgen.ic
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Inspite of C. annumnts sterility, experienced breeders generally agree that it is oftc.- possible to obtain 
a limited number of seeds 'rom different interspecific hybridization.

Information on inheritance modc is available for many traits, including some major characters 
of interest it breeders such as pungency, resistance to important diseases and male sterility. Such 
infornation was compiled by Lippert et al. (1965) 3 and has recently been updated by Greenleaf 
(1986).: 

Ideotypes
 

Although there have beea attempts to determine ideal plant types by a Few researchers, a new
ideotype Ior hot and sweet peppers may have to be postulated For tropical growing environments. 
Farly maturity. detern|,nate or compact plant growth habit and collective fruiting deserve consideration
in both hot and swec: peppers. The multifruited trait may also have merit in hot pepper. The
characteristics for mcchanical harvesting may not need immediate attention in the tropical regions.
Sunscald would be minimized through sul'ficient leaf coverage in the ideotype of sweet peppers. In 
this regard, more studies oil crop physiology are needed. 

Breeding Strategy 

Based on the discussions ;':nove. resistance to diseases should be given the highest priority in varietal 
impro emenl. :our viruses TMV. PVY. CMV and CVMV), bacterial leaf' spot and Ph\tophthora
rot are the diseases that should be studied in both swcet and hot peppers. Anthracnose has to be added 
inhot pepper and bacterial wilt in sweet pepper. MC4. which seems to have a high level of heal tolerance 
and CMV resistance, and a moderate level of anthracnose resistance, and with high yield level: and 
I)albon which showed the widest adaptability with bell-type green-colored fruit in the nonthly trials. 
will be included among recipients in several concurrent backcross programs. Further selection fIr
reliable donors in ihese backcrosses isstill required. Some of the potential donors br inajor traits 
collect 'din 1987 are listed in Table 8. Each backcross progran should aim| to transler resistance 
to one or tMo diseases which will be later gradually pyramided in the end product. The available 
resources, screening technology and lurther information on relatve virulence among diseases oI strains 

Table 8. Major genetic resources for traits of major interest collected in 1987. 
Traits Source Donor 

Bactarial wilt MC4 A,MC5 k MARDI, Malaysia 
Phytophthora rot Pl201232, Pl 201234 

P1 188487, PI 189550, PI 201238 
KNU, Korea 
TSS, ROC 

Anthracnose Big Jim*, Hot Long*, New Mexico* Commercial cvs. 
Kwangju. Cheongryong MARDI, KNU 

Bacterial leaf spot P1 271322,P1 163192, P1244670 KNU 

TMV Bruinsma Wonder (L ), Tobacco (C. frutescens; L2)
PI 159236 (. chinense; L3), PI 260429 'C.
chacoense; L) 

IVT, Netherlands 

CMV MC4 **.MC* * MARDI 
PVY Serrano VC (Strain 1-2), Florida VR-2 (Strain 1) INRA, France 
PVMV HDA 801, HDA 832 INRA 
Nematode HDA 120, HDA 131, HDA 323 OSTOM, France 
High pungency Habanero (C.chinense) Peto Seed Co., USA 

*Confirmed at AVRDC during 1- r387, Bruinsma Seed Co. has identified resistance to the Dutch strain. 

Iti1pr F.I titi litegh all" P' .'ol 1905. (kke list or the pepper. J. Ilcred. 50:30i-34. 
(reenlealW.H 148X1. Peplwi l1'wci1l,., : 67-134. In Brecedig Vegetable Crops. A\'iPublishing Co. h11.. Westport, 

(. r'I|ticcCii 
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should determine which ol'these discases will be given priority. The recipients are assumed to possess 
reasonable, if not satisf'actory, preference traits. 

Recurrent selection will have to be practiced between backcrosses to recover the level of resistance 
of the donors when the resistance is governed by polygenes. Preference traits have to be monitored 
in the selection process. For hot pepper. enhancement of pungency as well as utilization ofclcistoganry, 
which isdiscussed bChow., will nced independent backcross programs. Meanwhile, pure line selection 
will be applied to improve the genetic purity and other traits of popular and promising tropical open
pollinated varieties such as MC4 and S/echuan. Although different levels of insect damage have been 
reported by several workers, it does not seein to be highly feasible to use genetic resistance in insect 
control. In selectios,. Lni'orn rnd rapid seed germi nation has to be son glt to reduce dainping off 
which is believed difficult t breed f'or. 

Most farmers in th,: Asian tropics save hot pepper seeds i'rom their own fields, while sweet pepper 
seed is almost exclnsively pUr, hased froni seed distributors. The rate of cross pollination of peppers 
is usually below 5";, but it can be as high as 60,', depending oi the environnent and genotypes. 
The genetic iimpurity of hot flepper cultivars has. therefore, been a problem encountered by many 
hot pepper grei\ rs . (;cnctic cieistogaimy would secure a total self-pollination, it' transferred Ito tile 
cultivated varieties. Male sterilitv, inherited by cytoplasm and two genie factors are being utilized 
hy some coninrercial conipanies mainl I'or hot pepper hybrids. -owever, in the AVRI)C breeding 
irogratn, a high, il not absolute, self-pollination rate should be ptirsIed to enable tile farmers to save 
their own seeds, ias is usualh the practice. On tire Other hand, Male sterility caii be considered in 
sweet peppers which need a higher level of uniformity. Hybrid vigor caln also he exploited inl certain 
traits, such as yield and iraturitv. if intensive researches li'r better FI hybrid c1u1b inations are doe. 

Since thie tii f'roii soiw ing to fruit iriaturity ranges between 120 andi 16() days, two generations 
call be advanced per ear with irost genoty pes, witho ut great diffi enitv. I1'a breeding neret hiid such 
as single-seed descent is applied. t(-and-a-half generations may he advanced per year. 

In nrajor client countries Of' AVRI)C. such a, Thailand. Malaysia. IndoLnesia. China (including 
Tai\%an) and India. pepper hreeding prigrais exist in tile research agenda of national and or private 
institutes. Colusideritig tile diverse preference, disease and other problenis which cannot be eisilycovcrcd b\ a single hrccding prigran i. is dcsired. especiall in 110it ppeLr. to release not only tie 

fliished pirodulct but also file segregating tiaterials of AVRDC's breeding progralli it tire cooperators 
in each ct I0r thll"n make fIrther selectin ito inect their local needs.intr i 

Areas that Need Further Study 

The lii6lm%ing jiribieri areas need urgent attention to hasten the i iproveiient of*the pepper prograr: 

I . Screening niethiods for viruses. Phytipht hora rot, ani hracnose, bacterial wilt and bacterial leaf' 
spot anti identieaiction /coinfi rir tio i of the res stance sources. 

2. Crop loss caused by TMV. PVY. CMV and PVIV and strain distribution of VY and TMV. 
3. Multiple disease ilrclriatiot inelhtod flr pyraniding resistance to different diseases. 
4. Effect i' virus inrfection and heat stress on size reduction and nall'Oriatimn of' fruits. 
5. Physiohgy to pist iulate the alpp ropriate ideotypes. 
6. Root devellrerlit in relation to irnisturo stress and nonstaking cultivation. 
7. Standard cultural practices. 
8. Mass screening nicthiod l'or pungency. 

Germplasm Evaluation Trials and Crossing Program 

Summary 

To identily usefIl genetic riaterials for the pepper illmprovetiient progranti, a total of 318 entries 
were evaluated through two ibservational, two prelimrinary and one advanced gerniplasin evaluation 
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trials. Pronising genotypes for maturity, yield and fruit characters and disease resistance were identilit 
Eighty-eight different crosses were made among the selecred entries lbr various objectives. 

Introduction 

1'o search lor genetic materials to be used in the pepper improvenent prograni. observation a 
evaluation trials were conducted with entries which were randomly chosen f'rom the AVRDC pepr 
collection based on geographic origins or on their passport data. 

Materials and Methods 

A total of' 18 1and 86 entries were included in tihe first and second germplasm observ at ional tri 
(GO'T). respectively. The first GOT was sown on 30 September and transplanted on 7 Noveml' 
1986. The second GOT was sown on 28 April and transplanted on 4 and 5 June 1987. There wc 
Iwo rows per bed spaced 50 cm apart and the distance between hills was 45 cm. lie bed's cent 
was 150 cin away from the next bed. GOT I was not replicated, while (;()'I' If had two replicatio
with randomized complete block design in cach of the three hatches. Observations on plant growi
aid truit- and yield-related characters were Iade during 'requent fiehld visits. 

Preliminary evaluation trials (GPET) ,ere done separatcl, .wilh twao replications on 30 coninterc 
hot peppers and 22 swect peppers. In sweet pepper G . Ifive entries selected troni previous \cai 
trials under the new vegetable project \'ere also included as part of the ni1thlv trials. ()ile advaic,
gernplasmn evaluation trial (GAFF.'[) was done with 14 entries selected root G()' I. [his trial w 
replicated three times ill randomized complete block design. Daia On ,,il and fruil character's %e 
taken froni (iPTI' and iAF.'. 

A plot consisted of 10 to 12 plants in all the trials. Th ieField was imulched with rice straw\ . lli 
Star was used as the check in sweet pepper trials, while Passion and/or Szechuan were used in Ii 
pepper trials. 

Results and Discussion 

Promising entries fOr timaurity. fruiting and virus resistance in GOT I and GOT II are listed 
'Table 9. '[he characteristics need to be confirmed through replicated trials duriing the proper seaso 
All the accessions listed for their virus resistance seemed to be poor in horticu rural attribu,. , 
()OT II. which was done during the hot season, dense fruit set was observed niostly in hot pkppe 
probahl belonging to ('. f' ten.sens, while ear miiiaturity' was observed i o stl\ in ( wurm. 

Table 9. Promising entries for some important traits in germplasm observational tria 

(GOT) of pepper. 

GOT I G tt 
Earty maturity TC 263(SP)', TC 310, TC 311, 

TC 318(SP), TO 323, TC 469, 
TC 470, PBC 12, PBC 24, PBC 28, 

TO 884, TC 1087, P3C-97(SP 
PBC 92, PBC 94(cl)' 

PBC 70, PBC 73, PBC 74, PBC 75, 
PBC 76 

Dense fruit set TC 469, TC 470, PBC 12. PBC 24. 
PBC 28 

TC 29. TC 33, TC 265(Be)', TC 471, 
TC 1087, TC 1261(Be)', 
TC 1294(Be)', TC 1485(Be)'. 
PBC 208 

Virus resistance" TC 274, TC 281, TC 282. TC 283, 
TC 284, TC 285, TC 286, TC 287. 
TC 288. TC 289, TC 312 

ISP = sweet pepper; Be = Bird eye type of fruit shape; cl clustered fruits YBased on the observation unde 
natural epiphytotic conditions; horticulturally intermediate between sweet and hot peppers. 
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Tables 10 and I I show the yield and other traits of the selected entries front GPEI' of hot and 
sweet peppers, respectively. Hot Loog, Long Chilli and the check, Passion, had been previously touni 
to have good perlormance during the summer season. Kiko and lOY34 were comparable to them 
in yield. apd fruit shape and size. All th,.se selected entries are FI hybrids. All three highest yielders 
of'sweet pepper possess undesirable preference traits: small size, yellowish color ol Gypsy and elongated 
fruit shape of Big Star and Blue Star. Fruit weight was far less than the regular cool season size of 
about 100 g. 

The best performing entries in hot pepper GAET are listed with their yield level and other traits 
in Table 12. Hong Shan Ho was confirned to le a good source of carly maturity. The yield level 
of TC 469 and TC 47t) wits not is high ais soleFi, hybrids such as Passion, hut was anong the highest 
in the open-pollinated entries. Twist Green showed good potential lor fruit number. 

A total of 88 different crosses w,,ere made for various breeding objectives using tie selections 
from GOTI as parents. The number and objectivcs are shown in Table 13. Since the selection of parental 
genotypes had not been done through replicated trials or systeniatic screening procedures, generation 
of, these crosses should advancec in parallel with further studies on the parental imaterials. 

Table 10. Yield and other traltsz of some selected entries from a preliminary evaluation 
trial of commercial hot pepper cultivars. 

Total Marketable Fruit no. Mean Fruit 
Entry fruit yield yield harvested 

(t/h2, (t/ha) pqr plant 
fruit 

wt. (g) 
shape 
index 

Hot Long 11.3 a-e 10. i a-f 35 b-h 9 f-j 4.2 
Long Chilli 12.5 a-d 11.4 a-e 33 b-h 8 g-k 5.5 
Kiko 15.1 a 13.5 a 31 c-i 12 e 5.4 
25 IOY 10.6 b-f 9.9 a-f 40 a-f 8 h-n 5.0 
34 IOY 13.5 abc 12.6 ab 27 d-i 10 efg 5.8 
Passion (check) 13.5 abc 12.5 abc 16 h-I 11 of 5.9 

7Mean separation within columns by DMRT at 5% probahiity level. 

Table 11. Yield and other traitsz of some selected entries from a preliminary evaluation 
trial of sweet pepper germplasm. 

Total Marketable Fruit io. Mean Fruit No. of 
Entry yield yield harvested fruit shape Color locules 

(t/ha) (t/ha) per plant wt. (g) index 

Gypsy 30 a 25 a 22 a 37 efg 1.7 d Yellowish 2-3 
white 

Dalbon 14 c-f 12 cde 7 c-f 62 abic 1.5 def Green 3-4 
Ruby King 
Big Star 

20 bc 
22 b 

14 bc 
19 b 

14 b 
9 c 

49 cde 
54 b-e 

1.4 d-g 
2.0 c 

Green 
Green 

3-4 
2-3 

Beauty Bell 13 c-g 11 c-f 8 cd 49 cde 1.2 fgh Green 3-4 
Blue Star 
(check) 18 bcd 15 bc 7 c-f 7' a 1.5 de Green 3-4 

7Mean separation within columns by [)MRT at 5% probability level. 
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Table 12. Yield and horticultural traitsz of some selected entries In the advanced
 
evaluation trial of hot pepper germplasm. 

Entry 

Hungarian Wax 672 
Twist Green 
Hong Shan Ho 
TC 320 
TC 469 
TC 470 
Passion (check) 

Total Marketable Fruit no. Fruit 
yield yield 
(t/ha) (t/ha) 

10.1 bc 8.9 bc 
8.7 cde 7.9 c,-

11.4 h 10.7 b 
9.6 bcd 8.3 cd 
8.2 cde 7.7 cde 

10.1 bc 9.2 bc 
16.8 a 15.2 d 

Mean separation within columns by DMRT at 5% 

harvested Unit fruit shape Remarks 
per plant wt. (g) index 

12 de 
68 a 
30 b 
26 bc 
22 bc 
26 bc 
22 bc 

probability level. 

25 a 3.6 Mildly hot 
3 1 5.0 
7 fg 5.7 Early maturity 

12 d 4.3 
8 ef 7.8 
8 f 8.2 

11 de 5.9 

Table 13. Number and objectives of pepper 
Objectives 

Sweet pepper
High summer yield x virus-resistance 
Early maturity x virus.resistance 
Good frit traits x virus-resistance 
Early maturity x good fruit traits 

crosses made. 

Number 

10 
7 
3 
3 

Subtotal: 27 

Hot pepper
High early yield x virus-resistance 
Good horticultural traits x tropical adaptation
Virus-resistance x tropical adaptation 
Pedigree of selected open-pollinated cultivar 

Subtotal: 

16 
10 
20 
15 
61 

Grand total: 88 



Pepper Entomology 

Literature Survey of Insect Pests of Pepper 

A detailed survey of the literature on pests (insect and mite) of pepper was conducted to determine 
the focus of AVRDC research. A total of 293 insect and mite species infest pepper plants in the field 
and some attack pepper fruit in storage (Table I). TFhe foliage harbors tilelargest number of species 
(III ), followed by fruits (71 ),stems (38), flowers (31 )and roots (8). Fourteen species damage pepper
fruits in storage and four insect spec'2s also attack young seedlings. Some species such as aphids. 
thrips and mites attack more than one plant part.

A list of the major species that occur in three or more areas/countries of tileworld is given in 
Fahl#,b
2. Myzuis persicae. an apnid species that isalso an important virus vector, istie most widespread
insect which infests pepper in 37 countries including several in the tropics. 'wo other well-known 
virus vectors, an aphid. Aphid ,osyppi, a.and one whitelly, 7riah'/rodes vaporario'um, occur in 13 
and 10 countries, respectively. While A. gossyppi occurs in the tropics as well as in temperate areas, 
. vaporariorum occurs mainly inltemperate areas ol the world. Two nmite species, I1th'i rso',nnties

laus and T'htrall 'chus urhicat', are also widespread and are also find in the tropics. At least five 
species of fruitflies attack pepper, and all of them are present in the tropics.

All insects and mite species that attack pepper are polyphagous. Pepper is not always tileprimary
host. However, because of the presence of other hosts, tilepests represent aconstant source of infestation 
to pepper. Except for host plant resistance, the pest nmanagement techniques developed to control these 
pests on the other crops can be adapted and used for pepper. 

Table 1. Insect and mite pests of pepper in the world. 

No. of - Number of species attacking various plant parts
 
Order species Leaf Flower Fruit 
 Fruit Stem Root Seedling

(storage) 

Insecta 
Grylloblattodea 1 - . .. 1 -
Orthoptera 4 1 -  - 1 
Dermaptera 1 - - 1 - - -
Isoptera 3 -. - - - 21 -
Hemiptera 39 16 1 7 - 1 1 1
 
Homoptera 33 32 16 - - 12 -

Thysanoptera 8 5 2 2 - - -

Lepidoptera 68 15 3 23 5 12 3 -
Diptera 47 7 2 30 1 1 -

Hymenoptera 2 1 - -  1 1 -
Coleoptera 60 17 6 7 5 .0 - 2 

Arachnida 
Acarina 27 17 1 1 3 - -
Total 293 111 31 71 14 38 8 
Data collected from the Iitc,ature abstracted in the Review of Applied Entomology. 1913 to 1987. 

4 



78 AVRDC Progress Report 1987 

Insect Pests of Pepper at AVRDC 

During 1987 a survey of insect and mite pests that infest pepper at AVRDC was conducted. Two 
30-in long and I-in wide beds each were planted to sweet pepper and hot pepper once every month 
starting January i987. All custonlarv cultural practices were t'ollowed but no insecticide xkjs applied.
Once every two weeks, 30 plants of each cultivar type were observed tor pest infestation f lbliage, 
stems, flowers and fruits. 

In Most cases. duc to :ica vy virus infestation, it was not possible to observe insect infestation 
otflowcrs and fruits and ill tinics of foliage as well. On somc occasions when a few plants c id survive 
until fruit set, thrips and aphids were the major insect pests. Adults and nymphs o thrips were found 
in Iowers, ai fioliaige and On fruits. Their dinage to fruits resulted in scratches on the plant paris.
On one occasion ti nato fruit wormu, tHe/iothis (11-111'ra, was abscrved Icedlirg am the truits and 
Spaartera '.xi,Xi'ua an tile Ifoliage. Mites were sparingly observed on tile fliagec. 

Sine,: viruses imake it il possilble to grow tie crop withotot treqIenIt insecticide Use. inoni ring 
was disconltinued. It is thus plnCd to study' the available literature on insect pests of' pepper and 
develop a data base so that AVRDC cooperators interested ill insect pest studies of this crop will have 
easy ;:ccess to the information. 

Table 2. Geographical distribution of major insect and mite pests of pepper. 

Species No. of areas or countries Areas or Countries 

Hem iptera 

Beinisia tabaci 
Emnpoasca decipiens 
Trialeurodes vaporarioru, 

4 
3 

10 

Sri Lanka, Sudan, India and Egypt 
Egypt, Bulgaria and Spain 
Bulgaria, Egypt, Italy, China, Netherlands, Japan, 

USA, Germany, Czechoslovakia, and United 
Kingdom 

Homoptcra 
Aphis craccivora 
Aphis fabae 
Aphis gossyppi 

5 
3 

13 

India, Hungary, Nigeria, Malaysia and Egypt 
USA, Bulgaria and Finland 
USA, Bulgaria, Italy, India, Sri Lanka, Venezuela, 

Aphis nasturti 4 

Puerto Rico, Ivory Coast, USSR, United 
Kingdom, Nigeria, Taiwan and Indonesia 

Hungary, Venezuela, Bulgaria and 

Hyalesthes oholetus 
Macrosiphurn euphorbiae 
Myzus persicae 

4 
5 

37 

Czechoslovakia 
USSR, Hungary, Bulgaria and Yugoslavia 
USA, Bulgaria, Finland, Canada and Israel 
USA, Germany, Argentina, Spain, Indonesia, 

Puerto Rico, United Kingdom, Bulgaria, Italy, 
Hungary, Costa Rica, Czechoslovakia, France, 
Canada, Venezuela, Egypt, Israel, Romania, 
Finland, El Salvador. India, Norway, Yugoslavia,
Taiwar,, Netherlands, New Zealand, Malaysia, 
Australia, USSR, Argentina, Senegal, Cuba, 
Switzerland, Zimbabwe, South Africa and 
Denmark 

Thysanoptera 
Scirotothrips dorsalis 
Thrips tabaci 

4 
5 

USA, India, Sri Lanka and Japan
Hawaii, Indonesia, idia, Bulgaria and 

Netherlands 
Lepid-,, a 

Agrotis ipsilon 
Heliothis armigera 

3 
4 

Bulgaria, Turkey and Korea 
USA, Bulgaria, India and Peru 
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Table 2. Continued. 
Species 

Ostrinia nubilalis 

Phthorimaea operculcila 
Plodia interpunctella 
Spodoptera exigua 
Spodoptera littoralis 

Diptera 
Asphondylia capsici 

Ceratitis capitata 


Dacus cucurbitae 
Dacus dorsalis 
Dacus ferrugincus 
Dacus ferrugineus dorsalis 

Coleoptera 
Antonomus eugnii 
Letinutarsadecemlineata 

Tribolium castaneum 
Acarina 
Hemitarsonemus latus 

Tetranychus urticae 

No. of areas 
or countries 

7 

4 
3 
5 
4 

3 
9 

3 
3 
3 
4 

5 
5 

3 

12 

10 

Areas or countries 

USA, Canada, Bulgaria, France, Austria, Hungary 
and Yugoslavia 

France, Zimbaowe, Egypt end USSR 
USA, Bulgaria and Austria 
USA, USSR, Italy, Turkey and India 
Turkey, Greece, Egypt and Italy 

India, Turkey and Indonesia
 
USA, Libya, Jordan, Hawaii, Italy, Yugoslavia,
 

Costa Rica, South Africa and Bermuda 
USA, Hawaii and Malaysia 
USA, Austria and Malaysia 
Austria, Indonesia and Malaysia 
England, Australia, USA and Hawaii 

USA, Mexico, Puerto Rico, Hawaii and Honduras 
Italy, Bulgaria, Romania, Netherlands and 

Germany 
India, Canada and Nigeria 

South Africa, Sri Lanka, Netherlands, India, 
Spain, Thailand, China, Italy, Solomon Islands, 
Romania, Brazil and Hungary

Turkey, Romania, Netheilands, Canada, Bulgaria, 
India, Italy, Japan, Poland and Germany 



Pepper Pathology 

Studies on Fungal and Bacterial Diseases of Peppers 

Summary 

Viruses, Phytophthora blight, b. 'ial leaf spot, powdery rnildew and anthracnose were the most 
.mportant diseases of peppers in Taiwan in 1987. The hot pepper cultivar, MC, was as hihly rcsistant 
to bacterial wilt as the innato accession L 285. MC5 and Szechuan were nearly as hislhly resistant 
in the tomato bacterial wilt nursery. Two different anthracnose pathogens were found in the field. 
Co/lktotrichum gloepo~orioides caused slightly sunken dark yellow spot; on the red, ripe fruit. Its 
conidia showed a dull or rounded shape at the ends. Colh'totrichum capsici caused a darker infected 
area and its conidia were tapered at both ends, resulting in a sharp pointcd shape. The symptom caused 
hy C. glocosporioides was more frequently found in the disease nursery. Some very highly resistant 
or highly resistant lines were found in the resistance screening of anthracnose. The pathogenicity of 
the isolates of Phvtophthoracapsici showed significant differencec., eitl !r in hot pepper or in the early 
stage after inoculation in sweet pepper. Se~fn very highly resistant lines were obtained from the 
Phytophthora blight resistance scrcern tri, I. 

Introduction 

Peppers are subject to the attack of many diseases affecting roots, leaves, stems and fruits. The 
severity of any particular disease depends on the season and the region in which the crop is grown. 
Many of the diseases cause damage only in exceptional years, but a few are prevalent in many areas 
each year and cause varying levels of damage. 'Ihe priduction of peppers in the tropic and subtropic 
areas has been seriously hampered by diseases. The objective of this study is thus to evaluate the 
disease occurrence in Taiwan dt ring the whole year and to determin, sources of resistance to the 
major disease organisms. 

Materials and Methods 

Observation on diseL:,,d occurrence in Taiwan. To understand disease occurrence on peppers, 
a survey was conducted in the major production areas in the past year. Disease severity, economic 
importance, season and location were recorded. In addition to the survey conducted outside the -enter, 
a disease obs, rztion nursery was also estabiished in AVRDC's experimental farm. Three sweet pepper 
varieties (Blue C:,''hing Yeu and 5210) and two hot peppers (Szechuan and 622) were planted at 
weekly intervals starting January 1987. The pi itsize of each varietv was 25 n12 . No fungic es were 
applied to the plants. Data on disease occurrence and severity under AVRDC's environmental condition 
were recorded. 

Screening for bacterial wilt resistance. Each of the 10 lines tested was transplanted to the 
tomato bacterial wilt nursery at 5- to 6-leaf st,,ge. First. the tomato check cultivars, L 390 and L 
285, were transplanted to the middle row of each bed and arranged as one susceptiblc check by one 
resistant check. The test lines were transplanted on both sides of the middle row. The space between 
plants within rows was 20 cm and the space between rows was 30 cm. The experiment was designed with 

6 ",.n "_1 1 



82 AVRDC Proress Report 1987 

two replications. Three weeks after transplanting, the mortality of all entries was investigated once 
a week fbr two itopths. The lines which showed the same resistance level as the resistant check 
L 285 were selected for further studies. 

Survey of different anthracnose symptoms in AVRDC. Two diferent symptonis of
anthracnose were observed in the nursery and in the field. A s'udy was undertaken to understand 
the occurrence and cause of these anthracnose syniptomis in the nursery. Twevnty randomly chosenfruits of each variety were evaluated in each of the two plantings. Lesion number in each fruit was 
counted for the evaluation. Another 20 synmptoinless and red, ripe fruits of each variety wcre randomly
collected in the field. Thes... fruits were washed and dried and then put in plastic trays and covered 
with a sealed plastic bag. They were incubated at 28' + I )'Cfbr I I days to allow disease developnent. 

Screening for anthracnose resistance. 'hree trials were conducted Ifor resistance to
anthracnose. Red, ripe fruits were harvested fron the field, washcd, dried, punctucd using livc-nccdlc
holes less than 5 nui in diameter and inoculated by placing a drop of a conidial suspension of 
Colh'iotrichum capsici (Syd.) Butler ct Bishy and C. gloeo)orioides (Pen.) Sacc. on the wound. Beforc
inoculation, the fruits of each entry \%crc placed on a layer of net in a plastic tray. One hundred milliliters 
of sterili.,;L water were added to each tray, and the tray was sealed in a plastic bag to maintain high
huinidity for tile penetration and development of patli;gens. After inoculation. tile tnatcrials were
maintaincd under ro n tempe rature. Resistance was evaluated by inea1suringc the dia ieter of the lesions 
that developed on and a.lround the puiICture wound at It and 14 days after inoculation. The follhx in,
rating systen was used in the trials: very highly resistant (VR) = no lesions decv hopcd: lighlIy rsistalnt
(HR) = the diametcr of' the lesion ranged from 0.01 cm to 0.4 cii: iioder tel resistant (MR) = 
front 0.4 to 1.0 cii: ilioderately susceptible (MS) = front 1.0 to 2.0 cii: highly susceptible ([IS) 
= larger than 2.0 cii. 

Pathogenicity of different isglates of Phytophthoracapsici (Leonian). Two grcnhoue
trials were conducted to compare the pathogenicity of different isolates of P. c(j.Vi'i. ble Star (sweet
pepper) and Szcchuan (hot pep: er) were planted in 17.5 cii clay pots, and thinned to three planits/pot
after geriniration. The plants were artificiall inoculated at flowering staUe using 1.000 sporangia/ ml 
of the pathogen in both tests and 100 ilof sporangia suspension in each pot. Th, miortality of each 
variety to each isolate was investigated at weekly intervals for one nionth after inoculationl. 

Screening for Phytophthora blight resistance. Each of the 63 lines was planted in 17.5

cii clay pots on 21 Septenber 1987. Sterilized soil used ill
was tie experiment and the lines were

thinned to six plants! pot afler germinatiri. Artificial inoculation with sporanigia of P. capici (Yang-I)

was made omi2 Noveniber when niost lives were 
llowering. The corcentration of iroctluin was 1.000
sporangia/nil with I00 ilof this il(cuIU11i added t0 each pit. Disease cvai at iou \\a's made one week 
and two weeks alter 'ioculation. 

Results and Discussion 

Observation on disease occurrence ln Taiwan. Viruses, Phtiophtliora blight, bacterial leafspot. powdery Mildew and anthracnos, were coniirn (Table I ) Virus diseases are very serious and
ire widely distributed throughout Taiwin. They can ciiipctclv destroy soie pepper fields. 
Phytophthora blight "wats very serious it,snue locations during the rainv season . High ionrtality frot 
the discase was very common. I-hpt pepper (Sechuan) was iiore tolerant to Ph1vtophihola hight than 
sweet pelpper (Blue Star). Bacterial :eaf spot was v'ery dtlriin season aindse ere the rainy typhoon
period. It caused scvere defoliation alfter serious infeclioii. Piwler iiiildew is alsO a sel ious filgal
disease causing severe infection during spring and fall seasons. Fortunately, it can be effectively
controlled by fungicide. Anthracnose caused some serious infeclion afier typhooni. In-,encral. sweet 
pepper should be harvested before the fruits are icd ripc. otherwise. fruits cal be infected by serious
diseases. Some hot peppers are susceptible to this disease In addition to the above ruentioned diseases. 
siltiscald was also very serious froni April to August. 
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Table 1. Occurrence of pepper diseases in Taiwan. 

Disease severity in 1987 z 
Disease -- ________________________________ 

Mar. Apr. May June July Aug. Sept. Oct. Nov. 

Virus ++ +++ +++ +++ +++ +++ +++ +++ +++
 
Bacterial leaf spot + +++ ++ + +++ + + + + + + +
 
Powdery mildew + + + +++ + + + + + + + + +++ + + +
 
Phytophthora blight + .++ +++ +++ + + + + + + + +
 
Arithracnose + - + + + + 4. + + + + +
 
Southern blight + + +
 
Soft rot + + + + + +
 
Cercospora leaf spot + + + + + +
 
Sunscald + +++ +++ +++ +++ + + + +
 
Blossom end rot + + +
 

+ = Fe v lesions were observed on some plants. 4 + = Disease was uniformly distributed and may cause 
yield loss. + i f - Severe infection occurred and caused much yield loss. 

Screening for bacterial wilt resistance. The causal organism, Pseidtnonas solanaceartInt 
(E. F. Sim.) E. F. Sm. is the same pathogen causing bacterial wilt on tomato. Therefore, the experiment 
was set iqi the tomato bacterial wilt nursery. The pepper cultivar, MC4, showed high levels of resistance 
similar to that of the most resistant check, tomato cultivar l. 285 (Table 2). MC5 and Szcchuan also 
had high levels of resistance to the disease. MC4, MC5 and Szechuan are commercially acceptable 
hot pepper cultivars. The reaction of the pepper lines ranged f,,;::ooderately resistant to highly 
susceptible. 

Table 2. 	Resistance screening for bacterial wilt of peppers In tomato bacterial wilt 
nursery.z 

% of plant survival y 

ntyMean Ratingx 

Dalbon (sweet) 41 MS
 
Hon Shan Ho 52 MS
 
MC4 100 HR
 
MC5 94 HR
 
Blue Star (sweet) 70 MR
 
Szechuan 97 HR
 
C 4 (TC 254) 0 S
 
C 6 (TC 256) 0 S
 
C 8 (TC 258) 0 S
 
C 178 (TC 312) 36 S
 
L 390 (check) 0 S
 
L 285 (check) 100 HR
 

ZDate transplanted. 20 May 1987; No. of plants transplanted: 20. XRating based on the following: >85%;
Highly resistant (HR): 76-85%. Resistant (R); 56-75%, Moderately resistant (MR); 41-55%, Moderately susceptible 
(MS). <40%, Susceptible (S) 

Survey of different anthracnose symptoms in AVRDC. Two different symlloms which 
were caused by two different pathogens were thund frequcntly inthe disease observat ion nursery and 
in the flield during the summer season (Table 3). One of the sympt0ms Was,,,IScaused hv ('olht'otriCh/nl 
ilrhu'ospuru.mrh'. The causal organism usually attacks red ripe fruit and develops small, indefinite, 
slightly sunken dark yellow spots on thi. !'rait surfice. The spots cnlarge and sometimes coalesce as 
tiie fruit matures. Black brown acervuli develop in the center of the spot and are usually arranged 
in concentric rings, giving a target-like appearance to tile spi ts. The ends of the conidia are rounded. 
The other symptom, caused by C. capsici. is very similar to that caused by C. gloensporioides, but 
the infected area is darker because morc vigorous setae develop from darker acervuli. The ends of 
these conidia taper to a shai'p point. 
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A field evaluation of two plantings showed that lesions found in the five varieties studied were
caused by C.gloeosporioides. Green fruits did not seem to be casily infected. Sweet pepper developed 
more lesions than hot pepper, and therefbre, appeared to be more susceptible.

The result of the incubation experiment also showed many more lesions caused by C.
gloeosporioides (Table 4). Hot pepper varieties, Szechuan and 622, did not develop lesions and seemed 
to have a high level of resistance to anthracnose. However, this needs to be studiel further. 

Table 3. Occurrence of different symptoms of anthracnose on peppers in AVRDC.z 
Green fruit Red fruit

Planting Va rietY Colletotrichum Colletotrichum Colletotrichum Colletotrichum 
capsici gloeosporioides capsici gloeosporioides 

1 June 1987
 
Blue Star 0 0 24x 38
 
Ching Yeu 0 0 
 33 57
5210 2 0 36 93 
Szecluan 0 0 
 0 7
 
622 0 0 
 0 7
 

2 July 1987
 
Blue Star 0 0 26 37

Ching Yeu 0 0 11 108
 
5210 0 0 12 86 
Szechuan 0 0 
 0 4
 
622 0 0 
 0 13
 
Total lesions/

200 fruits 2 0 142 450
 
ZDate evaluated: 15 October 1975, natural infection. YBlue Star, Ching Yeu and 5210 are sweet peppers while 
Szechuan and 622 are hot peppers. xLesion numbers were evaluated from 20 fruits of each variety in eachplanting. 

Table 4. Development of aithracnose on the red ripe, symptomless fruits of field
grown pepper varieties after incubationz 

Lesion no. on 20 fruitsy 

Variety Colletotrichum capsici Colletotrichum gloeosporioides 
Blue Star (sweet) 1 4 
Ching Yeu (sweet) 0 
 43

5210 (sweet) 0 7
Szechuan (hot) 0 0

622 (hot) 0 0
 
Total lesions/100 fruits 1 54 

ZOate incubated: 16 October 1987. Temperature: 280 ± 10C.Date evaluated: 27 Oct,.ber 1981. YFruits of
each variety were randomly collected in the field. 

Screening for resistance to anthracnose. Three trials were conducted to evaluate resistance 
to anthracnose (Tables 5,6,and 7). Out of a total of 179 cultivars, 33% or 59 cultivars were rated 
highly or very highly resistant and 30% wcre rated highly susceptible. Most of the very highly resistant
lines showed no disease development. All of the resistant cultivars were hot pepper types. Those cultivars 
that were rated highly or very highly resistant will be rete':ted to cefirm their level of resistance. 
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Table 5. Screening r)epper germplasm for resistance to anthracnose (1).z 

Disease reaction No. of entry % 
Very highly resistant (VR) 18 20 
Highly resistant (HR) 27 31 
Moderately resistant (MR) 15 17 
Moceratuly susceptible (MS) 19 22 
Highly susceptible (HS) 9 10 
Total 88 

Zlnoculated: 4 September 1987; five fruits/variety were inoculated. Inoc. conc.: 3.5 x 106 spores/ml. Evaluated: 
11, 15 and 18 September 1987. Check varieties: Blue Star and Ching Yeu. 

Table 6. Screening pepper germplasm for resistance to anthracnose (11).
z 

Disease reaction No. of entry % 
2yVery highly resistant (VR) 3
 

Highly resistant (HR) 9 15
 
Moderately resistant (MR) 3 5
 
Moderately susceptible (MS) 20 34
 
Highly susceptible (HS) 25 42
 

Total 59 
Zlnoculated: 15 October 1987' six fruits/variety were inoculated. Inoc. conc.: 3.8 x 106 spores/ml. Evaluated: 
22, 27 and 30 October 1987. Check variety: Blue Star. YTwo VR lines: C00513 and C01284. 

Table 7. Screening pepper germplasm for resistance to anthracnose (111).z 

Disease reaction No. of entry %
 
Very highly resis°.ant (VR) 0 0
 

3yHighly resistant (HR) 9
 
Moderately resistant (MR) 1 3
 
Moderately susceptible (MS) 8 25
 
Highly susceptible (HS) 20 62
 

Total 32 
ZInoculated: 12 October 1987: ten fruits/variety were inoculated. Inoc. conc.: 3 x 106 spores/ml. Evaluated: 
19, 22 and 26 0 "tober 1987 by Mr. Yeong Woo Yoo. YThree HR lines: C00071, PBC93 and OCNH-01 1. 

Pathogenicity of different isolates of Phytophthora capsici. The isolates of P. capsici 
were collected from different locations. As shown in Tables 8 and 9, pathogenicity varied with pepper 
cultivars and among the isolates. The isolate Yang- I was the only isolate with a high level of virulence 
to the hot pepper cultivar. The isolates also differed in their rates ofdisease development on the sweet 
pepper cultivar. The virulence of the isolates was closely related to the success of disease resistance 
screening. More isolates will be collccted and evaluated before determining the presence of physiologic 
specialization. 

Screening for Phytophthora blight resistance. More than 87% of the 63 entries showed 
high levels of susceptibility to P. capsici in this trial (Tables 10 and 11. Most of the entries were 
completely destroyed by the pathogen. However, seven entries were not visibly affected by P. cap.-ici 
and, therefore, were rated very highly resistant to this pathogen. Among these entries, Acc. 1176A, 
2227, 2230, 2284 and 2289 had been reported resistant by the Taiwan Seed Propagation and 
Inprovement Station. These very highly resistant entries will be screened again and should be very 
useful for the resistance screening program in the future. 
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Table 8. Pathogenicity of different isolates of Phytophthora capsici In peppersz
 

Variety Isolate -Percentage of infection 

Blue Star Yang-1 
Yang-2 
Chun-1 
Chun-2 

C/21 
100 
80 
40 
60 

9/29 
100 
93 
47 
67 

10/5 
100 
100 
80 
93 

10/12 
100 
100 
93 

100 

10/19 
100 
100 
100 
100 

Szechuan Yang-1 
Yang-2 
Chun-1 
Chun-2 

13 
0 
0 
0 

27 
0 
0 
0 

27 
0 
7 
0 

33 
7 
7 
0 

47 
7 
7 
0 

ZDate inoculated: 14 September 1987. 
Inoc. conc.: 	1,000 sporaiigia/ml. 

100 ml sporangia suspension/pot, three plants/pot and four pots/isolate per variety were used. 

Table 9. Pathogenicity of different Isolates of Phytophthora capsici In peppersZ 

Variety Isolate Percentage of infection
10/6 10/13 10/20 10/27

Blue Star Yang-1 100 	 100100 	 100
Yang-2 67 75 100 100
 
Chun-1 83 100 100 100
 
Chun-2 100 100 190 100
 

Szechuan Yang-1 33 
 50 50 75
 
Yang-2 0 0 0 0
 
Chun-1 0 0 0 0 
Chun-2 0 0 8 17 

Zrate inoculated: 29 Septeaiber 1987. 
Inoc. conc.: 1.000 sporangia/ml 

100 ml sporangia suspension/pot. three plants/pot and five pots/isolate per variety were used. 

Table 10. Diseasa reaction of germplasm to Phytophthora biight of peppersZ 
Disease reaction No. of entry % 

Very highly resistant (VR) 8 13
Highly resistant (HR) 	 0 0
Moderately resistant (MR) 0 	 0
Moderately susceptible (MS) 0 0
Highly susceptible (HS) 55 88
 

Total 63
 
ZThe isolate Yang-1 was used in this trial. 

Virus Motitoring of Pepper at AVRDC 

Summary 

Ten successive plantings of five Capsicum cultivars :;elected for breeding were monitored at 25
to 35-day intervals for the presence of viruses in AVRDC fields. Four viruses, chili veinal mottle
virus (CVMV), cucumber mosaic virus (CMV), potato virus Y (PVY) and tobacco mosaic virus (TMV), 
were found. Viruses were first detected around 29 days after transplanting. CMV and CVMV generally
appeared first, followed by PVY. TMV incidence was gencially low and occurred later (55 to 60 DAT,. 
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Table 11. Results of resistance screening for Phytophthora blight of peppers.' 

Rating Accession no. Rating Accession no. Rating Accession no. 
Highly 
resistant 

COO 113 
C02227 

Highly 
susceptible 

C00069 
C00092 

Highly 
susceptible 

COO 159 
COO159A 

C02230 C00095 C00159B 
C02284 C00095A C00160 
C02289 C00098 COO161B 
C01176A CO0100 C00161C 
TC 3191 C00104 C00162A 

Highly COO001 COO105 C0162C 
susceptible C00002 C00112 C00165B 

C00003 C00116B C00178 
C00005 C00131 C00197A 
C00006 C00133 C00200 
CO0010 C00147 C00202 
CO0011 C00148 C00205 
C00012 C00152 C00212 
C00015 C00153 C00213 
C00016 C00153A C00129 
C00023 C00154 C00269 
C00045 C00154A C00270 
C00050 C00157 Szechuan 
C00057 C00157C Blue Star 
C00067 C00 157D Ching Yeu 

ZPlanted: 21 September 1987. Inoculaced: 2 November 1987. Inoc. conc.: 1,000 spores/ml, 100 ml/pot. 
Evaluated: 9, 16 and 23 November 1987. YRating scale used: >80%, Highly resistant (HR); 60-80%, 
Moderately resistant; 30-59%. Moderately susceptible (MS); < 30%, Highly susceptible (HS). 

Introduction 

Since pepper is a relatively new research crop for AVRDC, it > important to determine the types
of viruses, which occur in AVRDC plantings and the time of infection during the growth of the crop. 
The present study is investigating this. 

Materials and Methods 

Eight successive plantings of five Capsicu n cultivars (Szechuan. Gypsy, Blue Star, Passion and 
Hungarian Wax), selected by the breeder as breeding materials, were monitored at approximately 
25- to 35-day intervals for the presence of CMV, CVMV, PVY, T4V. AMV (alfalfa mosaic virus), 
PeMV (pepper mottle virus), TEV (tobacco etch virus) and TSWV (tonato spotted wiit hirus). Each 
cultivar was planted in a 1.5 x 5 m plot (12 plants per plot, 45 cm between plants) with two replications. 
The tield size was 230 n2 . The field was sprayed weekly with insec,,icide. 

Pooled leaf samples, consisting of three to five leaves (from the top and the middle of the plant) 
each of the 12 plants in one plo t of' each cultivar were tested by ELISA as previously described. 

Results and Discussion 

There were no great differences observed in virus infection at different planting dates (Wig. la-d). 
Only four viruses were founi throughout tF.c sampling period: CVMV, CMV, PVY and TMV. This 
corresponds to the islandwide survey, in which only these four viruses were also detected. 

Virus can be detected as early as 29 days after transplanting (DAP), indicating that infection 
probably take; place before that time. Generally, the first viruses detected were CVMV and CMV. 
PVY was detected slightly later. Infection with TMV occurred later, between 55 and 60 days after 
transplanting and was found to be vviy low. It was detected cialy on two of the five cultivars. 

The results of this study and the islandwide survey clearly indicate that three viruses are important 
on pepper in Taiwan, namely, CVMV, CMV and PVY (in order of importance). Initial virus infection 
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probably takes place within 30 days after transplanting. It is, therefore, iecommended to apply protective 
measures such as aphid repellants (reflective mulches or aluninum strips above the crop) during that 
time and possibly longer, up to 60 DAP. 

Since three of the viruse!; are nonpersistently aphid-transmitted viruses, the use of insecticides 
to reduce the aphid population will have no efTect on virus incidence. 

Survey of Pepper Viruses in Asia - Virus Isolation and Strain Typing 

Summary 

A survey of pepper viruses was conducted in Taiwan and Thailand. A total of* 1.037 leafsamples 
were collected from Taiwan and 139 from Thailand and tested by EIISA Ibr the presence of 12 viruses 
(CMV, PVY, PeMV, PVMV. CVMV, TEV, TMV, PVY. TSWV, AMV. TBRV and TRSV). Only
fIur viruses, CVMV, CM% PVY and MV, were detected. Pure isolates of each virus have been 
recovered. Preliminary strain typing indicated that PVY-0 and TMV-0. TMV- I,TMV 1.2 are present 
in Taiwan. 

Introduction 

Virus diseases are among the in1 'jor limiting factors of sUL'.'cssluI pepper cultivation in the tro(pics
and subtropics. An extensive review of the literature indicated that CMV. PVY, TEV, PeMV and 
TMV are the most iniportant viruses worldwide in terms of incidence. Other viruses, such as TSWV,
AMV, PVMV (pepper veinal mottle virus) and CVMV. are only of regional importancc. CVMV 
has so tar oiiy hecii reported in Malaysia. Fr ont Taiwaii. so far PVX (pttato \irus X). PeMV and 
TMV were reported'. The obiecti\ e o this sarvey vas to determine which viruses occur on peppers
ii Taiwan ard the other Asian countries, and to isolate the mo st important viruses I.Oruse in AVRI)C's
resistance screening program. 

Materials and Methods 

A atal of 1.037 leaf samples olf sweet and hot peppers were collected from 15 Septeinber 1986 
to 21 October 1987 in sonie of the major pepper-growing areas of Taiwan and Thailand. The samples 
were homogenized in extraction buffer and tested by DAS-FLISA lbr tilepresence of' 12 of the most 
coimmon pepper viruses: CMV, PVY. PeMV. PVMV. CVMV. TFV,TMV. PVX, TSWV. AMV.
TBRV (tomato black ring virus) and TRSV (tonato ring spot virvs Coating imunoLmglotlIins were 
used at dilutions of 1:5W0 (AMV. CNMV. PcMV. TEV. TBIRV. TISVh H 0(.W (CVMV. PVMV. 
PVY. 1VX, 'SWV) or 1:1500 (T'I V). The concentrations ,W !1he Cnze\')c on'jugatCs vcrc 1:5W8)
fbr AMV. CNIV. PeMV, TEV,TBRV.TRSV: I: IXX) for PVMV, PVX. TSWV: 1:2(XX) fior CVMV. 
PVY; and 1:1500 f'r TMV. The major viruses 01 "ailsa \%crc isolated by inoculation ofdifTerential. 
hosts and subsequent single lesion isolation on the appropriate local lesion hosts. Antiscra to TMV,
PVY, CMV and AMV have also been prepared at AVRDC. 

Results 

The res,,ts of*tl-"' survey are shown in Table 12. 
Four ot the viruses, namely, CMV. tVY. "I'MV and CVMV were detected in samp'es from 'I aiwan 

and Thailand. CVMV appeared to be the most important virus inTaiwan. in terms of incidence, fllowed 
by CMV and PVY. 

.
Chcn. Tsa n-hai and Y.I l.u.1982. Slulid, ilthree chI ppp r I( oniUmfga d virusL's a lecIting i amnuitm I..j In Tamv. an. 
MS The:ii,.National Chung Hsing L niersl%, Taichung, Tais,,an. 
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Table 12. Survey of pepper viruses In Taiwan and Thailand. 

Total CMV PVY TMV CVMV PVMV PeMV TEV PVX AMV TSWV TBR TRSV 
no. 

Thailand survey 
Kampangsan 64 16 15 4 5 0 0 0 0 0 0 0 0 
Chiang Mai 75 8 16 2 3 0 0 0 0 0 0 0 0 
Total 139 24 31 6 8 

(1Y%)(22%)(4%) (6%) 

Taiwan survey 
North 59 10 6 10 13 0/30 0 0 NT 0/30 0/29 0 0 
Central 184 40 18 6 88 0/57 0 0 NT 0/114 0/52 0 0 
South + Penghu 576 	 110 109 73 135 0/81 0 01527 NT 0 0/242 0/130 0/31 
East 218 68 62 15 77 0/129 0 0 NT 0/138 0/89 0/9 0/9 

Total 1037 	228 195 104 313
 
(22%)(19%)(10%)(30%)
 

In Thailand PVY and CMV were most frequently detected, followed by CVMV. It is, thus, obvious 
that CVMV is not confined to Malaysia alone, but occurs in other regions of Asia as well. It is 
recommended that the pepper virus resistance project at AVRDC focus initially on these four viruses. 

Pure virus isolation was difficult because the plants collected from the field were generally infected 
simultaneously with several viruses. Only 12 pure isolates of CMV and 21 of CVMV were recovered 
(through three successive single local lesion transfers on N. tabacum 'White Burley'). Thirty pure 
isolates of PVY and 21 p:re isolates of TMV were obtained. Strain typing of the PVY and TMV 
isolates is in progress. The three isolates of PVY strain typed so far are PVY-0. Preliminary strain 
typing of TMV indicated that most of the isolates are TMV-0. 



Pepper Physiology 

Water Uptr,'.ce, Growth and Fruit Set of Peppers 

Summary 

Preliminary studies on hot and sweet peppers under greenhouse conditions revealed that both 
peppers consumed more than 70 liters of water tarouighout the 120-day growing period, and carried 
certain levels of heat tolerance in terms of fruit setting. A larger proportion of dry matter was div,rted 
to the stem of hot pepper, which had high dry matter production; the leaf and stem had high nitrogen 
content. 

Introduction 

Water use and productivity are intimately linked together, since both are dependent upon the amount 
of radiant energy and the ambient temperature, and influenced by plant and other environmnental factors 
that control gaseous transfer between plants and the atmosphere. Not much is known about water 
uptake or water requirement of sweet and hot peppers as related to growth and yield under different 
temperature conditions. The polyvinyl formate (PVF) system offers the opportunity for studying the 
growth of peppers as related to water uptake. Three plantings of hot and sweet peppers were conducted 
in February, July and November 1987. Since both July and November experiments are still in progress, 
the present preliminary report describes only the February planting experiment. 

Materials and Method 

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 1987. The plants were grown in the 
greenhouse and water upta'x was recorded daily. Four plants, randomly sampled from three ieplicates 
30, 60, 90 and 120 days after transplanting, were measured for dry matter production, leaf area, flower 
and fruit number and yield. 

Results and Discussion 

There was no difference between the two peppers in leaf area accumulation during 120 days of 
growing in the PVF set up under greenhouse conditions. However, hot pepper had higher photosynthetic 
potential, as indicted by hibrier net assimilation rate, than sweet pepper at a later growth stage (Fig. I),
which resulted in higher dry matter production (Fig. 2). Hot pepper had higher leaf transpiration per 
unit leaf area and water use efficiency than sweet pepper (Fig. 31; thus more water, about 85 liters/plant, 
were consumed by hot pepper during the whole growing pcriod (Table 1). 

Both hot and sweet peppers started to set fruit at 30 dflys after transplanting (Table 1). They 
produced a large amount of flowers, a total of 296 and i03 flowers for hot and sweet peppers, 
respectively, but only few set fruits (Table 1). lnterest agly, when plants were grown under high 
temperature conditions, i.e. 340-360C/23-260 C (mea, month max/rin), in the greenhousc at later 
growth stage, they still produced fruits with fully mal.ure seeds (Table I). Results clearly indicate 
that both peppers possessed the ability to produce an abundant number of flowers, an indicator of 
heat tolerance, to compensate for poor fruit set under high temperature conditions. 

L.

http:Uptr,'.ce
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On the other hand, only few flowers set fruits at the first 30 days of growth under temperatures
of 31.6/20.3°C (max/nin). This could be due to too much fertilizer applied. The analysis 'if N, P 
and K in the leaf, stem and root (Table 2) revealed that much more K was accumulated in the stem,
and more N and P accumulated in the leaf and stem of both peppers at 30 days after planting than 
during the later stages. The poor fruit-setting situation was later improved. Whether this high
accumulation of N and K in tht, stem has any detrimental effect on the fruit set still deserves further 
studies. However, hot pepper accumulated more N and less K in the leaf Knd stem, which may explain
why a larger proportion of dry matter was accumulated in the leaf and stem of hot pepper, even with 
more dry matter production (Fig. 2). 

Table 1. Fruit yield, yield components, seed number and water consumption of hot and 
sweet peppers grown under greenhouse conditions. 

Stage Pepper Fruit yield Fruit size Fruit no. Seed no. Water uge(g/plant) 	 (g/fruit) /plant (/fruit) (l/plant) 
30 DATz 	 Hot 0 - 0.0 - 3.0
 

Sweet 1 - 0.1 - 2.8
 
67 * *y60 DAT Hot 	 3.4* 19.4* 18* 26.7

Sweet 367 39.1 9.6 70 27.0
 
90 DAT Hot 88* 3.1** 28.7* 17* 58.4


Sweet 555 56.5 9.9 82 53.6

120 DAT 	 Hot 123* 3.3** 39.8* 20* 85.3
 

Sweet 636 55.5 14.9 90 
 72.9 
ZDAI = days after transplanting. Y* * = Significantly different between species at 1% and 5% levels,
respectively.
 
Table 2. Contents of N, P and K (% dry weig it) in different plant parts of hot and sweet
 

peppers. 

Hot pepper Sweet pepper 
Leaf Stem Root StemLeaf Root 

Nitrogen
30 DAP 5.96 az 3.97 a 2.77 a 5.75 a 3.71 a 3.27 a

60 DAP 4.63 b 1.39 b 1.58 c 3.95 b 0.99 b 2.44 b


120 DAP 2.88 c 0.88 c 1.81 b 2.92 c 0.74 bc 2.02 b
 
Phosphorus


30 DAP 0.44 a 0.42 a 0.22 b 0.53 a 0.50 a 0.25 bc
60 DAP 0.19 b 0.16 b 0.15 b 0.29 b 0.19 b 0.38 a

120 DAP 0.16 bc 0.09 c 0.46 a 0.21 c 0.11 c 0.35 ab 
Potassium 

30 DAP 6.10 a 	 8.74 a 4.37 a 6.82 ab 7.30 a 4.59 a
60 DAP 5.48 a 4.25 b 2.74 b 7.18 a 5.04 b 3.79 b

120 DAP 4.17 b 2.37 c 2.26 c 5.28 c 3.60 c 3.15 c
ZMean separation within column of specific nutrient by Duncan's multiple range test at 5% level. 



Soybean Breeding 

Hybridization 

Summary 

The modified backcrossing procedure of Fehr (1987)1 was adopted to develop productive good 
quality vegetable soybeans. Specific crosses were made to combine narrow leaflet, high yield and 
resistance to soybean rust, downy mildew, stinkbug and defoliators. Crosses were also made to enhance 
the seed size and seed quality of improved AVRDC selections. Selections are being made for a desirable 
combination of traits from the inbred generations of the crosses. The inheritance of a few specific 
characters is being studied. 

Introduction 

Developing improved vegetable soybeans with high, acceptable pod yield combined with desirable 
horticultural characteristics is one of the key breeding objectives. In addition resistance to soybean 
rust, bacterial pustule, dowiy mildew, stinkbug and defoliator resistance need to be bred into the 
AVRDC materials. 

Materials and Methods 

The newly released vegetable soybean, Kaohsiung No. I (AGS 292) was crossed with narrow 
leaflet AGS 129 using the modified backcrossing method (Fehr 1987). Tzurunoko, Ryokkoh and Vesoy 
No. 4 were used as different non-recurrent parents to accumulate the desirable characteristics from 
them to AGS 292. In another modified backcross, Ryokkoh, Vesoy No. 4 and HL76-56 were involved 
to improve the yield potential of Ryokkoh. 

AGS 129 was crossed with PI 171444 to combine the stinkbug and defoliator resistance from 
the latter to the former. 

PI 459025 was reported to have the best level of resistance to Taiwan races 80-2 and 72-1 of 
the soybean rust through a single dominant gene, Rpp4Rpp4 (Hartwig 1986)". It is also resistant to 
downy mildew. AGS 129 was crossed with PI 459025 and the Fl was backcrossed to AGS 129. The 
BC,Fi's were evaluated in the greenhouse for soybean rust. Plants with narrow leaflets and rust 
reaction similar to PI 459025 were selected and backcrossed to AGS 129. BC2F1 's were again 
inoculated with rust and selection was made to recover AGS 129 type with rust resistance similar 
io PI 459025. After four backcrosses the seeds of AGS 129 type with rust resistance were selfed. 

To improve their seed size, the following newly released,'developed AVRDC soybeans were crossed 
with AGS 292, a productivc large-seeded selection: Tropical, AGS 313 (released as Tidar in Indonesia), 
AGS 129 (Kaohsiung No. 10), AGS 181, AGS 269 and G 9947-21-9. 

In a cooperative project with the National Taiwan University, Taipei to study the inheritance of 
moisture imbibition of seed.,, reciprocal crosses were made between PI 219653 (G 8748) and PI 79593 

1Fehr. W.R. 1987. Breeding method for cultivar development. Pages 249-293. In Soybean: Iimprovement, Production and 
Vscs, Second edition, J.R. Wilcox, ed. American Society of Agronomy. Series 16, Madison, Wisconsin, U.S.A. 
'Hatwig, E.E. 0-86. Identification ofa fourth major gene conferring resistance to soybean rust. Crop Science 26(6): 1135-1136. 

W% r I 
.CA 
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(G 760). These two accessions have distinct diiferences in their moisture imbibition pattern. Specific 
crosses were also made for genetic studies. 

Results and Discussion 

Among the 36 crosses made, 20 of them were either backcrosses or modified backcrosses. For 
vegetable soybeans seven modified backcross populations have been developed. After a generation 
of inbreeding, an additional backcrcssing will be made prior to further inbreeding and selection. 

AGS 129, PI 171444, their Fj's, BCiFi's and F2's are ready for evaluation for both stinkbug 
and defolietor resistance. 

Although P1 459025 appeared highly resistant, tan type lesions were observed on it when evaluated 
along with BC,, BC3 and BC4 generations. However, differences in the rate of disease development 
could be observed between PI 459025 and AGS 129 or TK 5. Seeds from different levels of backcrossing 
arm currently undergoing evaluation hi the field for rust and downy mildew resistance and yield. 

Evaluation of Introductions 

Summary 

New germplasm and improved varieties are introduced and evaluated for additional useful genes
for the breeding program. Of the 175 new accessions from five countries, sufficient seeds for 110 
introductions were evaluated in three different trials. None of the entries were better in yield compared 
to the AVRDC checks. Seven entries were selected for their better seed quality and soybean rust 
resistance/tolerance which however need to be confirmed in further trials. 

Introduction 

Soybean germplasm indigenous in specific countries may contain valuable genes for the develop
ment of improved tropical soybeans. A number of the tropical and temperate countries have developed
improved soybean varieties which would be usefull for AVRDC's clientele. Therefore, continuous 
assembly and collection of germuplasm from various sources is important to strengthen its breeding 
program. The germplasm received were evaluated for agronomic traits. Since only small quantities 
of seeds were received, they were first evalamed in small lots in an observational trial. After the 
seeds were multiplied, the promising ones v ere evaluated in progressively larger plots in a yield trial 
and preliminary yield trial. 

Materials and Methods 

In 1987, a total of 175 accessions from five countries were received. Three yield trials were 
conducted in the spring (February planting), summer (July planting) and autumn (September planting) 
seasons. The entries included in the three trials differed depending on the quantity of available seeds. 
The number of entries, plot size and other details for spring planting are given in Table 1. AGS 129 
and AGS 302 were used as checks for comparison. 

Table 1. Experimental details on the evaluation of new Introductions. 

Experiment No. of entries Plot size (m) Design Replications Date 
Observational trial (OT) 40 1 x 0.5 RCBDZ 2 13 Feb. 1987 
Yield trial (YT) 21 4 x 1.0 RCBD 2 6 Feb. 1987 
Preliminary yield trial (PYT) 49 3 x 2.0 LATFICEy 2 6 Feb. 1987 

ZRCBD = Randomized complete block design; YLATTICE = Lattice design. 
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Results and Discussion 

In all the three trials, none of the introductions was higher yielding than either of the checks. 
The yield of the entries in the observational trial wai relatively higher and the CV larger compared
to that of the yield trial and preliminary yield trial, as shown by yields of the two check varieties 
in three trials (Table 2). Therefore, as plot size increased, yield and CV for all entries decreased. 
However, caution should be exercised in making selection for yield in observational trials. 

The late flowerinig gene has been reported by Kiihl et al. (1985) 3 as useful for developing tropical
soybeans. AGS 129 and AGS 302 flowered in 45 and 41 days, respectively. A large number of 
introductions were significantly later flowering than the check varieties; however, their yields were 
significantly lower than the checks. Therefore, it appears that late flowering did not contribute to 
higher yield. The phenotypic correlation between days to flowering and yield is insignificant (-0. 1372)
which supports this conclusion. From preliminary observations, the entries shown in Table 3 appear
to have some desirable seed quality and soybean rust resistance, which need to be confirmed from 
additional tria!s. 

Table 2. Comparison of yield and CV between different trials with different plot sizes. 
Plot size Yield (kg/ha) CV 

(M) AGS 129 AGS 302 (%) 
1 x 0.5 8,400 5,133 30
4 x 1 4,588 3,681 12
3 x 2 4,250 3,609 20 

Table 3. Introductions with desirable traits, spring 1987. 
Entry name 
or number 

Origin Yield 
(t/ha) 

Days to 
maturity 

Seed 
quality 

Rust 
(%) 

UFV-2 
Uniao 
FT-5 
P1399045 
PI 417569 
PI 417563 
P1399044 

Brazil 
Brazil 
Brazil 
Korea 
Japan 
Japan 
Korea 

6.0 z 

5.1 z 

3.8y 

4.0x 
4.0x 
3.8x 
3.7 

123 
104 
111 
98 

100 
99 
98 

3 
3 
2 
2 
3 
2 
2 

23 
27 
30 
-
-
-
-

AGS 129 AVRDC 8.4 z 105 3 40 

AGS 302 AVRDC 

4.6 y 

4.2x 
5.1 z 

107 
101 
104 

3 
3 
3 

60 
-

47 
My 110 3 50 

3.6x 100 3 -
'OT: The differences in yield between AGS 129 and the others were significant at 5%. YYT: The differences
in yield between the check and the others were insignificant. XPYT: The differences in yield between the checkand the others were insignificant. 

Yield Trials 
Summary 

Selected pedigrees were evaluated at various stages for their yield potential combined with disease
resistance, seed quality, maturity duration and other desirable agronomic characteristics. Genotypes,
such as GC 82341-7-2, GC 81038-18-3. GC 81075-36, PI 379618, GC 81075-16, GC 81080-13 and 
AGS 269 had either similar or higher yield potential in the spring and/or summer seasons and a better 
level of bacterial pustule and downy mildew resistance than AGS 129 (check). Although 

3 Kiihl. R,; .S.. L.A. Alnieida anid A.D. Atmnol. 1985. Strategics Ir cultivar developm nt in [Ihe Iropics. Pages 301-304. In 
Richard Shibles. ed. World Soybean Research Conference Ill. WcstVicw Press. Boulder, U.S.A. 
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genotype x environmental interaction was predominant, multilocational yield trials were still carried 
out to find genotypes that have wide adaptability. 

Introduction 

Selected breeding lines were evaluated at various stages for their yield potential. Preliminary (PYT) 
and intermediate yield trials (IYT) were conducted in three seasons to compare these lines with improved 
checks so that high-yielding, agronomically desirable genotypes can be selected. 

Materials and Methods 

Details of the trials are given in Table 4. The plot size for both PYT and IYT was 3 m X 2 
m.Data on yield and other agronomic traits were collected and analyzed. Selection of genotypes was 
based on yield, resistance or tolerance to diseases, days to maturity, seed quality and adaptation to 
specific or multiple seasons. 

Results and Discussion 

Although high yield potential was one of the criteria for selection, the objectives in both PYT 
and IYT were to identify genotypes which have yields similar to or higher than AGS 129, combined 
with resistance to both bacterial pustule and downy mildew and good seed quolity. AGS 129 lacked 
downy mildew resistance. 

In both PYT and IYT, a number of genotypes were selected using the above criteria (Tables 5, 
6, 7, 8, 9 and It)). Although the combined analyses for three seasons have not been completed, as 
in the past, genotype X season interaction was expected to be significant. Since the yield trials were 
conducted at one location (AVRDC) for three seasons, the response of genotypes to specific season 
and the genotype x season interaction could be estimated. Season specific genotypes and genotypes 
adapted to multiple seasons could be selected. However, selection for wide adaptability was restricted. 

Table 4. Planting dates and experimental designs for PYT and IYT In 1987. 
No. of erries Design Date of planting

Experiment plus (checks) (replication) 

PYT-1 79 (2) 9 x 9 Lattice 6 February 1987 
(2)
 

PYT-2 47 (2) 7 x 7 Lattice 6 February 1987
 
(2)
 

IYT-1 19 (2) RCBD (2) 20 January 1987
 
IYT-2 23 (2) RCBD (2) 20 January 1987
 

Table 5. Selected genotypes with desirable traits In PYT-1, spring and summer 1987. 

Cross no. or Yield (t/ha) fDays to maturity 100-seed wt.(g) BPy 
variety name Spring Summer Spring Summer Spring Summer 

GC 82341-7-2 5.1 a' 3.1 a-h 112 a-c 102 b-e 21 16 R 
GC 81038-18-3 5.0 ab 2.7 b-k 115 a 102 b-e 17 11 R 
GC 82344-29-2 4.5 a-d 3.4 a-c 110 a-g 102 b-e 23 19 MR 
GC 83011-18-1 4.4 a-f 2.8 a-j 111 a-f 102 b-e 33 22 MR 
GC 82362-47-1 4.4 a-g 2.8 aj 105 m-s 103 b-d 27 25 MR 
GC 82350-18-2 4.2 a-i 3.6 a 110 a-g 98 e-h 19 16 MR 
GC 81118-26-8 4.1 a-j 3.5 a 105 m-s 98 e-h 16 14 MR 
GC 82345-26-3 3.5 d-j 2.9 a-i 97 t-u 98 e-h 19 17 R 
GC 81055-7-1 3.5 d-j 2.6 d-I 98 q-u 100 d-e 18 16 R 
GC 81029-16-1 3.6 d-j 3.5 ab 101 k-u 99 d-e 16 14 MR 
AGS 302 (check) 3.5 d-j 1.6 mn 102 h-u 103 b-d 22 23 MR 
AGS 129 (check) 4 0 b-j 3.5 a 104 c-s 100 d-e 19 18 R 

lValues followed by the same letter within the column are not significantly different at 5% level according to DMRT. 
YData from summer season for bacterial pustule; R = resistant, MR = moderately resistant, S = susceptible. 
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Table 6. Genotypes selected for high yield In PYT-2, spring 1987. 
Name of variety Yield (t/ha) Days to maturity BPY 

or number Origin Spring Summer Spring Summer 
GC 81075-36 AVRDC 5.3 az 2.8 b-h 101 94 MR
311-14D Philippines 4.6 abc 3.1 ab 106 98 R 
Khsb-2 India 4.4 a-d 3.1 a-c 130 105 R 
Gaurav India 4.4 a-d 3.5 a 109 107 MR
 
Durga India 4.1 a-f 2.9 b-f 119 102 R
 
AGS 302 (check) AVRDC 4.3 a-e 1.1 m 106 104 S
 
AGS 129 (check) AVRDC 5.2 ab 3.0 b-d 100 99 R
 

ZValues followed by the same letter within the column are not significantly different at 5% level according to
DMRT. YData for bacterial pustule; MR = moderately resistant, R = resistant, S = susceptible. 

Table 7. Highest yielding selections In IYT-1, spring 1987. 

Entry name or Yield Days to Seed Downy BpW
cross number (t/ha) Flowering Maturing quality mildew 

PI 379618 4.8 az 65 a 125 a 2 NSy R

GC 00062-31 4.3 ab 62 b 108 ef 1 NS R
 
GC 00097-56-6 4.3 ab 62 b 114 bc 1 NS 
 R 
GC 81075-10 4.2 57 e 114 bc 2 NS R 
AGS 129 (check) 4.0 cb 55 f 112 cd 1 MSx R 
AGS 302 (check) 3.8 cbde 51 g 114 bc 1 NS R 

ZValues followed by the same letter are not significantly different at 5% level according to DMRT. YNS = no 
symptom; MS = moderately susceptibre; WData for bacterial pustule: R = resistant. 

Table 8. Selections from IYT-2 based on desirable agronomic traits, spring 1987. 

Cross no. Yield Days to 100-seed Seed Downy BPW
(t/ha) Flowering maturity wt. (g) quality mildew
 

GC 81075-16 4.2 abz 57 117 18 2 NSy R
 
GC 00131-99-6 4.1 ab 61 117 10 2 R
NS 

GC 81090-48 3.9 abc 56 117 21 
 2 NS R
 
GC 81078-12 3.7 a-d 54 117 28 2 NS MR 
GC 81079-12 3.8 abc 56 110 20 2 NS R 
AGS 129 (check) 4.1 ab 54 113 17 1 MSx R 
AGS 302 (check) 3.4 a-e 51 113 23 1 NS MR 

ZValues followed by the same letter are not significantly different at 5% level according to DMRT. YNS = no 
symptom; xMS = moderately susceptible; WData for bacterial pustule; R = resistant, MR = moderately 
resistant. 

Table 9. Selections from IYT-1, summer 1987. 
Cross no. Yield Days to 100-seed Seed Bpy Downy(t/ha) maturity wt.(g) quality mildew 

z
GC 81077-14 2.4 a 96 17 2.0 R MSx 
GC 81080-13 2.2 ab 92 21 2.5 R NSw 
GC 81084-51 2.1 abc 93 17 2.0 R NS 
GC 00062-107-6 1.9 a-f 105 13 3.0 R NS 
AGS 129 2.2 ab 94 15 2.0 R MS 

ZSeed quaity rated: 1 = best avd 5 = poor; YData for bacterial pustule, R = resistant; xMS = moderately
susceptible; wNS = no symptom. 
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Table 10. Selections from IYT-2, summer 1987. 

Entry name Yield Days to I00-seed Seed Bpz Downy y 

or cross no. (t/ha) maturity wt.(g) quality mildew 
269 2.1 a-c 92 16 2 R NS 
GC 81079-12 2.1 a-d 98 18 2 R NS 
GC 81083-42 2.1 a-d 97 14 2 R S 
GC 81090-8 
AGS 129 (check)
AGS 302 (check) 

1.9 a-d 
2.3 a 
1.4 e 

96 
93 
99 

16 
15 
21 

2 
2 
2 

R 
R 

MS 

NS 
MS 
NS 

ZData for bacterial pustule. R = resistant, MS = moderately resistant. YNS = no symptom, S = susceptible,
MS = moderately susceptible. 

To effectively select for wide adaptability, there is a need to have multilocation yield tests in 
addition to multiseason testing to account for diversity in soil, biotic and micro environments. 

Breeding for Soybean Rust Tolerance 

Summary 

Soybean rust is an important yield-limiting constraint for soybean production in the tropics and 
subtropics in Asia. Significant gcnotype x fungicide interaction was observed in the yield trials 
Genotypes AGS 302, SRE-D-14A and GC 00138-29 had higher yield potential with lower rust tolerance 
level. SRE-C-56A and SRE-D-14B had a high level of rust tolerance but they had relatively low yield 
potential. Crosses between tile former and the latter groups are proposed to combine high yield and 
a high level of rust tolerance. The correlation between percent rust infection and yield was highly
significant. In the two yield trials, 52% and 69% of the yield loss are attributable to reduction in 
100-seed weight. The importance of evaluating and incorporating good seed quality along with high 
yield potential and rust resistance is emphasized. 

Introduction 

Since the inception of AVRDC. soybean rust caused by Phakopsora pachvrhizi Syd. has been 
recognized its one of the major constraints in profitable soybean production in tropical and subtropical
countries in Asia. Breeding for soybean rust resistance had been going on for years in Taiwan. India, 
Australia, the Philippines, Thailand and the U.S.A. Resistant varieties have been developed but due 
to the rapid development of new races of the pathogen, which overcame vertical resistance, resistance 
has been short lived, at least in Taiwan. Previous studies showed that soybean genotypes PI 200492, 
PI 230971. PI 462312 and PI 459025 each carried a single dominant gene conferring resistance to 
a specific soybean rust isolate (Hartwig 1986). Since the resistance to rust appears to be easily overcome 
by' compatible virulent isolates of th pathogen, breeding licus at AVRDC has been shifted to soybean 
rust tolerance. 

Materials and Methods 

Since 1974'a number of crosses were made to combine vertical resistance to soybean rust, high 
yield and early maturity. Due to lack of an appropriate screening technique and instability of vertical 
resistance, the program could not develop any rust-resistant genotypes. However, the rust tolerance 
approach was recognized in 1980 as a potential avenue to combat the problem. A number of selections 
wyere nmade under heavy soybean rust disease pressure. They were evaluated with and without fungicide 
protection. 

Advanced yield trials of selccted genotypes were conducted with a;id without fungicide protection 
in a split-plot design. The advanced yield trial was planted on 20 Janua -' 1987. The unprotected plots 
were inoculated with rust suspension on 13, 19, 27 March and 1) Ap;il 1987 while the fungicide
treated plots were sprayed with Dithane M-45 on 3 and 31 March and 3 April: they were sprayed 
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with Bayleton on 17 and 24 April. Selection criteria used were: early maturity, high yield, tolerance 
to rust and the seed fill of the pod. Soybean rust infection was rated at R6 growth stage. The trials 
were conducted in the spring and autumn seasons but only data from the advanced yield trials (AYT) 
in spring 1987 are presented. 

Results and Discussion 

The analyses of variance of yield in AYT-I and AYT-2 are presented in Tables I I and 12, 
respectively. Significant differences between fungicide treatments and genotypes were observed. There 
was also significant interaction between fungicide treatment and genotypes (Figs. I and 2). Variation 
between fungicide-protected and unprotected treatments within the genotype was considerably large 
compared to the variation between genotypes within the fungicide-protected treatment. 

AGS 302, G 9947-21-9 and AGS 181 had the lowest yield loss due to rust (Fig. I). Among these 
three genotypes, only AGS 181 had one parent with a single gene resistance (PI 230971). Both the 
parents of AGS 302 were less sensitive to photoperiod and moderately resistant to bacterial pustule.

By evaluating the fixed inbred lines at various stages with and without fungicide protection, a 
high level of tolerance to rust had been developed in SRE-C-56A and SRE-I)-14B However, they 
were relatively low yielders under the fungicide-protected treatment (Fig. 2). 

Although the tolerance levels of AGS 302, SRE-D- 14A and GC 00138-29 were lower, their genetic
yield potentials were higher than AGS 181, SRE-C-56A and SRE-D- 14B. To combine the higher level 
of tolerance and higher yield potential, it is logical to cross SRE-D-14A with AGS 302. 

Selection for high yield potential using a reference tolerance genotype, such as AGS 302 or SRE-
D-14A. would enable the identification of genotypes with higher yield potential and level oltolerance 
(Figs. I and 2). ThereiOre, future selections should use this strategy. 

Soybean rust-infection in the rust inoculated, nonfungicide-treated plot ranged from 15% to 41 % 
in AYT-I and 17% to 45% in AYT-2. The major objective in selecting a genotype is to look for 
high-yielding materials. High yield with low rust infection is preferable, although high yield either 
with high or moderate level of rust infection (tolerance) is already desirable. 

The correlation between percent rust infection and grain yield was highly significant (r2 = 0.4467 
for AYT-I and 0.5848 for AYT-2). Genotypes which were susceptible, such as GC 82200-7-12-19 
in AYT-I with only 30% rust, yielded less than 1,148 kg/ha (Fig. 3, entry I1) while AGS 129 with 
33% rust infection yielded 1,760 kg/ha (Fig. 3 entry 12). Similarly in AYT-2, GC 00051-7-2 yielded 
only 992 kg/ha when it had 44% rust infection (Fig. 4 entry 4). But with 36% rust. SRE-B-15C was 
able to produce 2,038 kg/ha (Fig. 4 entry 9). SRE-D-14A and AGS 302, both with 28% rust infection 
yielded more than 2,200 kg/ha (Fig. 4, entries II and 14, respectively). 

Table 11. Analysis of variance of yield In AYT-1, spring 1987. 

Source of variation DF SS(.10-6) MS(.10.6) PR >F 

Fungicide (F)z 1 25.30 25.30 0.0019 
Genotypes (G) 13 4.11 0.32 0.0001 
F * G 13 2.33 0.18 0.0001 

zMS for F * G was used as the error term. 

Table 12. Analysis of variance of yield in AYT-2, spring 1987. 

SS MSSource of variance DF (.10-6) (.10.6) PR >F 

Fungicide (F)z 1 30.25 30.25 0.0025 
Genotypes (G) 3 5.74 4.10 0.0001 
F * G 14 10.47 0.75 0.0001 

zMS for F * G was used as the error term. 
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Soybean rust is known to influence the three major yield components, namely, the number of 
pods per plant, seed number per pod and 100-seed weight. Since the 100-seed weight was significantly 
reduced in the nonfungicide treatment, yield loss was regressed on 100-seed weight reduction. In AYT- I 
and AYT-2, 52% and 69% of the yield loss, respectively, can be explained by the reduction in 100-seed 
weight (Figs. 5 and 6). Therefore, while making selections in the nonfungicide treatment 100-seed 
weight should be given due consideration. 

Seed Quality Evaluation. The results of the accelerated aging test conducted on the seeds 
from fungicide-treated plots showed that in AYT-1, AGS 129 had the highest germination (62 %)after 
accelerated aging. However, the rust-,olerant AGS 302, AGS 181 and GC 82146-43-9-9 had only 
4%, 11% and 0% germination, respectively. In AYT-2 AGS 129, GC 00002-100, GC 00070-110 
and GC 90001-66 had 50% to 66% germination. All the rust-tolerant selections had less than 30% 
germination after the accelerated aging test. Therefore, in releasing AVRDC rust-tolerant genotypes 
to cooperators, it is important that the level of seed quality be specified. It is essential to combine 
good seed quality and rust tolerance. The need to use good seed quality genotype as a parent in rust 
resistance breeding and monitoring the seed quality at variou" stages of selection should b2 considered. 
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The characteristics of a few selected genotypes from AYT-1 and AYT-2 from the spring and 
summer seasons are given in Tables 13 and 14. 

Table 13. Selected genotypes from AYT-1 and AYT-2 and their characteristics, spring 
1987. 

100-seed Accelerated xAVRDC cross Parents Yield (t/ha) weight aging testy BP DMw 
WFz WOF zno. or name WF WOF G % 

vGC 00138-29 (CH #1 x Anoka) x 3.3"- 1.9 18.5 14.0 38 R NS 
(Clark 63 x 64-64) 

SRE-D-14A G5422 x G 4919 3.1" 2.2* 25.2 19.1 12 R NS 
SRE-C-56A G 6154 x Shih Shih 2.0 2.1 24.4 22.8 26 R NS 
GC 82146-43-9-9 G 257 x AGS 157 2.8" 1.8** 18.8 14.4 0 MR NS 
GC 00002-100 Shih Shih x (CH #2 33** 1.4 22.1 14.3 66 MR NS 

x Anoka) 
GC00070-110 (KS 535 x KS 482) x 2.8* 1,4 16.7 11.6 65 MR NS 

(UPSL-85 x PI 230971) 
WF: with fungic.de; WOF = without fungicide. YData from fungicide-treated plot for accelerated aging tet of percent

germination. Data from summer season for bacter)al pustule, R = resistant; MR = moderately resistant. No symptom
for downy mildew in spring and summer seasons. Yields were significantly higher than the tolerant check, AGS181 at 5% 
() and 1% (* *) level, respectively. 

Table 14. Genotypes selected from AYT-1 and AYT-2, summer 1987. 

Yield z Days to Downy y Bacterial x 
(t/ha) maturity mildew pustule 

G 9947-21-9 2.8 a 87 S R
 
G 82146-43-9-11 2.4 abc 91 NS R
 
SRE-C-56 A 2.7 a 99 - -

SRE-B- 15C 2.6 ab 93 NS R
 
GC 82200-6-12-13 2.3 abc 94 NS R
 
AGS 302 2.3 bcd 98 NS S
 
AGS 129 2.6 ab 93 MS R
 
AGS 181 2.3 bcd 113 NS R
 

ZValues followed by the same letter are not significantly different at 5% level according to DMRT. YS = suscep

tible, NS = no symptom. XR = resistant, S = susceptitle. 

Breeding for Bacterial Pustule Resistance 

Summary 

During the rainy season, bacterial pustule can cause yield reduction in soybean. A higher level 
of bacterial pustule resistance reported in AGS 129 and G 8190 relative to the known resistant cv. 
CNS needs to be better understood. Results showed that bacterial pustule disease initiated at R4 to 
R5 growth stage can cause more than 60% yield reduction in susceptible cv. Shih Shih compared to 
12% in AGS 129, 1% in G 8190 and no yield loss in CNS. Such results suggest that the resistance 
of CNS is as good or better than AGS 129 and G 8190. The inheritance studies indicate that resistance 
to bacterial pustule is probably governed by a recessive gene ats reported earlier. However, the major 
dominant gene governing the susceptibility to bacterial pustule is modified by other susceptible genes. 
Selected resistant F2 pedigrees will be progeny-tested in F3 to confirm their resistance. About 2.7% 
to 3 % of the F2 's were resistant to bacterial pustule and have other desirable agronomic characters. 

http:fungic.de
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Introduction 

Bacterial pustule is a serious disease of soybean, especially during the rainy season. It iscaused 
by Xanthomonas phaseoli var. sojensis (Hedges) Starr and Burkh. Hartwig and Lehman (1951 )4found 
that the resistance in the cv. CNS was governed by a single recessive gene (rxp). At AVRDC the 
resistance to bacterial pustule observcd in AGS 129 and G 8190 (PI 371611) was reported to be better 
than that prescnt inCNS. Therefore, CNS was rated as moderately resistant while AGS 129 was rated 
as resistant. 

Selected high-yielding lines were used in crosses to incorporate bacterial pustule resistance. A 
systematic cross between resistant, moderately resistant and susceptible genotypes were made to study 
the inheritance of bacterial pustule resistance as well. 

Materials and Methods 

Ten AGS lines, which lack bacerial pustule resistance (AGS 8,17, 29, 66, 85, 95, 121, 144,
157 and 162) were crossed with AGS 129. The F2 progenies were planted on 8 July 1987. For cvery 
10 beds (20 plant rows) onc set of susceptible (Shih Shih), moderately resistant (CNS) or resistant 
(AGS 129 or G 8190) checks were planted for comparison. One-half of the population was inoculated 
with bacterial suspension on 17 August 1987 while the other half was left uninoculated. At maturity
six randoinly chosen plots of I0 m2 area from th inoculated and uninoculated plots were harvested 
trom those of AGS 129. Shih Shih, CNS and G 8190. The yield data obtained were compared to 
estimate the loss du i t)bacterial pustule. Six replications were used. A split-plot design was used 
in analyzing the data. 

The parents (Shih Shih, AGS 129 and CNS), F ,F, and backcrosses of the following were also 
planted on 8 July 1987: 1)AGS 129 X Shili Shih: 2) AGS 129 x (NS.

The field was inoculated with bacterial suspension on 17 August 1987. ?'.)ur weeks alter inoculation 
individual plants were rated for bacterial pustule as susceptible (similar to Shin Shih), moderately
resistant (similar to CNS) and resistant (similar to AGS 129 or G 8190). 

Pedigree selection was pract,ced to select bacterial pustule resistant genotypes, which have good 
agronoimic characteristics in all the F,and BCI populations. 

Results and Discussion 

'he inoculated part of the F, population had initial bacterial pustule symptoms on 24 August
1987. The symplooms became severe and by 20 September, the susccptiblc gcnotype, Shih Shift, was 
almost completely defOliated by the disease. The uninoculatcd half'ofthe field did not have any sympton
until mid-September. By that time, the susceptible variety was already in R7 growth stage. In the 
inoculated field, symptoms appeared at R5. As a result, seed filling was drastically affected in the 
inoculated field compared to tile uninoculated field. 

The yield loss due to bacterial pustule in Shih Shifi was 64/(, compared to 125, in AGS 129, 
1, in G 8 190 and no yield loss in CNS (Fig. 7).It appeared that even though tile f1I"ar symptom
due to bacterial pustule in CNS was slightly more than in AGS 129 and C 8190, based on yield loss, 
CNS appeared to be equal to or better than AGS 129 and G 8190. in spite of slight bacterial pustule 
disease. 

In crossing resistant with susceptible parents, the FLwas found to be susceptible and backcrosses 
to susceptibles produced all susceptible progenies. However, a backcross to the resistant progenies
resulted in susceptible and moderately resistant progenics, in equal proportions, while the resistant 
segregates comprised one-fourth (f the total. In the F: the segregation was close to nine moderately
:esistant, six susceptible and one resistant. As Hartwig and Iehman (1951) pointed out for CNS, it 
is likely that AGS 129 probably carried genes for susceptibility, which are probably hypostatic to 
the homozygous recessive genes for resistance. 

4Hariwig. I.F. and S.G. .rimancc.ehman. 1951. ht!a )1resistance to(tie bacterialpusiule disease in soybeans. Agron. J.43: 
226-22). 



110 AVRDC Progress Report 1987 

100 
N
 

20 0 0L 

F -- G 8190 AG 
S 

-o 1500 I 129 

Shih-Shih 

Fig. 7. 
Variation In yield among 

500I genotypes resistant and 
Uninoculoled Inoculated susceptible to bacterial 

Bacterial pustule pustule inoculation. 

The F1 between AGS 129 (resistant) and CNS (moderately resistant) segregated to give 48 
resistant and 27 moderately resistant progenies. When the F, was backcrossed to AGS 129, the 

1 the F1segregation of BC was 68 resistant to 22 moderately resistant. However, when was 
backcrossed to CNS, the ratio was 62 resistant to 95 moderately resistant progenies. 

The F2 of AGS 129 and CNS segregated to.give 576 resistant and 783 moderately resistant plants. 
The above data show the complex nature of resistant, moderately resistant and susceptible plants. 

It is easy to distinguish the resistant and susceptible categories of plants. However, difficulty arises 
in distinguishing unequivo:ally the moderately resistant plants. This is because the dominant allele 
conferring susceptibility V:modiflied by a few genes (Hartwig and Lehman 1951). Regulated inoculation 
with known bacterial concentration at a specific growth stage needs to be done and disease readings 
taken at a specified time after inoct,' Jon. For AVRDC conditions, such techniques need to be 
developed. The fIeld screening technique used has effectively selected the resistant segregants. 

From the F2 of 10 crsses with a population of nearly 12,000 plants, a total of 362 pedigrees, 
roughly 3%, were selected as resistant to bacteriA pustule, with good plant type and desirable agronomic 
traits. In another F2 of 10 crosses with 11,000 plants, 208 pedigrees or 2.7%, were selected as 
bacterial pustule-resistant. These will be further evaluated to ,xtractimproved genotypes with desirable 
agronomic traits. 

Breeding Vegetable Soybeans 

Summary 

,xcelient 
tropical and subtropical countries. From crosses nade in 1983. GC 83011-35 and GC 83008-16 yielded 

Soybean as a vegetable has potential in enriching the diet of' people in the developing 

12.8 and 11.7 t/ha marketable pods against 8.5 t/ha for the check Ryokkoh in the spring season. 
In the summer, in spite ofa typhoon AGS 292 and GC 83006-7 yielded 13.1 and 10.3 t/ha, respectively, 
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compared to 8. I t/ha for the check Tzurunoko. To increase the percentage of two- and three-seeded 
pods, the narrow leaflet gene, lnln, isbeing introduced into the vegetable soybeans through backcrossing. 

Introduction 

Soybeans are used as vegetable in many tropical countries. Specific soybean varii! cs fo vegetable 
use are currently unavailable in the tropics. Cultivation of vegetable soybeans provides cash income 
and export opportunities to earn foreign exchange. ,upports the processing industry and creates rural 
employment opportunities. Vegetable soybeans are nutritious and rich in protein. This program is 
expected to develop acceptable, high-yielding, good quality vegetable soybeans for developing countries 
in the tropics. 

Materials and Methods 

Fourtecn selections made from five 1983 crosses have been entered in an intermediate yield trial 
in spring, summer and autumn seasons. The crosses were made between large-seeded genotypes with 
high yield potential and vegetable soybeans, Tzurunoko and Ryokkoh, that are already popular in 
Taiwan Selection was based on acceptable pod types with better yield potential than the parent (vegetable
soybean). Data from spring and summer seasons aie presented. 

Crosses were made betwccn AGS 129 and Tzurunoko, Ryokkoh or AGS 292. In the F, narrow 
1-!aflet, large-sceJecd genotypes were selected and backcrossed to one of the vegetable soybeans to 
increase thL -'redsii',!. Selection and backirossing will be done for two or three generations. Fron 
the resulting prog'1\', , 01ectior! will be h'ide for narrow leaflet, large pod and seed size with high
yield potential. 

Results and Discussion 

Three selcctions from three crosses produced around 12 tiiu, ui"acceptable pods (two- and three
seeded pods) in the spring season which was significantly higher than that of the check Ryok!:,h (8.5
t/ha) (Table 15). GC 83011-35 was resistant to bacterial pustule. However. GC 83008-16 alone might 
not qualify as export to Japan, with the two selections not meeting the Japanese standard of 180 pods 
or lower per 500 g. 

The usefulness of these selections Ior other countries needs to he evaluated. 
In the sumer season almost all the entries were damaged by typhoon. Hokevcr, AGS 292 yielded

13. I t/lha in 73 days with excellent pod size. GC 83006-7 was also as good as "zurtnoko and Ryokkoh
with good pod size (Table 16). 

From F3 , F4 and Ft, generations, 424. 136 and II pedigrees, respectively, were evaluated for 
their comparative performance along with Tzurunoko and Ryokkoh. These pedigrees were derived 
front nine, six and two crosses in F3, F4 and F,, respectively. 

Table 15. High-yielding selections from IYT-vegetable soybeans in spring 1987. 

Graded pod Days to 100-seed 
Cross no. Parents yield harvest wt. Accept. BPy 

(t/ha) (g) 500 gZ pods in 

GC 83011-35 AGS 190 x KS 8 12.8 a 90 66 cde 223 b R
 
GC 83005-9 AGS 188 x KS 8 11.9 ab 90 
 59 de 223 b MR
 
GC 83008-16 G 10134 x KS 8 11.7 ab 87 70 bcd 197 c MR
 
G 9053 (check) Tzurunoku 10.1 abc 80 71 bcd 181 cd MR
 
G 1013 1 (check) Ryokk:h 8.5 d 80 88 a 
 150 e MR
 
Mean of l6 entries 4.8 73
83 187 
CV % 11.8 1.9 7.5 5.7 

/Acceptili#h nunr er of pod: per 1' )i, 0ti ;rpanese market is aboat 180 or lower, Only two and tiree-seeded pods were 
; cceptable Ybactenral pustuh ratd c : stmrnier season R = resistant. MR = moderately resistant. 5

Values followed 
oy the same letter within the colunin are not igrulficantly different at 5% level according to DMRT. 
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From three F2 populations involving AGS 129 (narrow leaflet) and vegetable soybeans, 
narrow leaflet types with large pods had been pedigreed. Since the lnln (narrow leaflet) gene is associated 
with two- and three-seeded pods, these plants are expected to have a higher percentage of two- and 
three-seeded pods. To increase the pod size and seed size, these pedigrees will be backcrossed to 
vegetable soybeans. After two to three backcrosses, the vegetable soybean characteristics are expected 
to be fully reconstituted with narrow leaflet background. 

Table 16. High-yielding selections from IYT-vegetable soybean In summer 1987. 

Graded pod Days to 100- Accept.
Cross no. Parents yield harvest seed pods/ BPy 

(t/h3) wt.(g) 500 g 

GC 83006-7 AGS 188 x G 10134 10.3 bZ 73 e 74 178 i R
 
AGS 292 Taishn ' roge 13.1 a 73 e 64 185 hi R
 
G 10134 (check) Ryokki 9.8 bc 74 d 65 208 efg MR
 
G 9053 (check) Tzurunoko 8.1 bcd 80 b 56 216 def MR
 

'Values followed by the same letters within the column are net significantly different at 5% level according to DMRT. YBacterial 
pustule noted in the summer season: R = resistant, MR = moderately resistant. 

International Cooperation, Feedback and Impact 

Summary 

The target of all of AVRDC's research efforts is to reach out and help the farmers. Thus, the 
impact of its research results could be measured by the efficient transfer and adoption of AVRDC 
varieties and technologies by larmers invarious countries to improve profitibility and increase national 
production. 

AVRDC soybeans selected by the national prograni scientists in Thailand and Taiwan are 
increasingly adopted by the farmers. The estimated area planted to Sukothai No. I soybean in Thailand 
is about 60,000 ha, which is almost double that of 1986. 

In Taiwan seeds of' the newly released vegetable soybean, Kaohsiung No. I (AGS 292) were 
multiplied by the Taiwan Seed Service. An estimated 100 t would be ready for the farmers. Kaohsiung 
No. 10 (AGS 129) and Tainan No. I (AGS 66) had almost replaced Tainan No. 15, previo!tsly grown 
by the farmers. 

Within three years Indonesia released the mutant G 2120 as Tidar, which yielded 1.0 to 2.8 t/ha 
in 72 to 75 days. 

AVRDC vegetable soybeans are also gaining popularity in Sri Lanka. Mali would like to receive 
7,00) kg of seeds of either AGS 200 or AGS 2 15 which have the yield potential of 2.3 t/ha while 
G 2261 would be distributed to farmers in Vietnam. 

AVRDC distributed 19 ASETS and 407 AGS lines to 10 and 27 countries, respectively. In addition, 
58 pedigrees/populations and 108 germplasm accessions were also sent out. A number of its lections 
appear promising; the most notable among then were AGS 129, AGS 299, AGS 217 and AGS 162. 

Introduction 

Research conducted at AVRDC, regardless of the crip or discipline, is aimed at solving or 
minimizing the problems of the small-scale farmers so that they could produce and earn more through 
better quality products. Therefore, genetically improved germplasm should cater to the needs of the 
national programs. 

Distribution of Germplasm, Elite Lines and AVRDC Soybean Evaluation Trial (ASET) 

Nineteen ASETs were distributed to scientists in 10 countries. A total of 407 AGS elite lines 
were sent to scientists in 27 countries, and 58 pedigrees/populations were also sent to seven countries 
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upon request of the scientists. To assist in their breeding program, 108 germplasm accessions were 
sent to 14 countries (Table 17). 

Taiwan 

On 23 April 19S7, the Kaohsiung District Agricultural Improvement Station (DAIS) officially
released AVRDC vegetable soybean cultivai' AGS 292 as Kaohsiung No. I. This is the first vegetable
soybean variety officially released in Taiwan. Inthe annual frozen vegetable soybean processors,
middlemen and farmers' meeting, it was proposed that all vegetable soybean farmers should plant
the new variety beginning autumn 1988 season. The Taiwan Seed Service and the Kaohsiung DAIS 
arc in c .arge of multiplying the needed seeds for extension. A description of the new variety is given 
in Tatle 18. 

Table 17. Distribution of AVRDC soybean evaluation trial (ASET) and other enhanced 
germplasm to various countries, 1987. 

Type of seeds distributed 
Country ASET AGS lines GC pedigrees/ Accessions 

populations 
Argentina 60 
Australia 7 
Bangladesh 1 13 
Brazil 2 
Burma 2 
Ethiopia 
France 

3 
26 4 27 

Ghana 1 4 
Guinea 1 1 
India 34 
Indonesia 8 
Iran 
Iraq
Japan 12 6 
Kiribati 
Korea 1 60z 
Liberia 
Marshall Island 
Mexico 
Nepal 
Niger 
Nigeria 
Pakistan 
Palau Island 

1 

1 
1 

2 
12 

10 
13 
14 

9 
3 

31 

4 

2 
13 
6 
6 

10 

1 

Philippines 8 30 11 12 
Singapore 3 
Sri Lanka 16 
Switzerland 
Vietnam 2 

2 
20 1 2 

Togo 5 
U.S.A. 
Vanuatu 9 

37 
2 

212 12 

West Indies 6 1 
19 (10) 407 (27) 269 (7) 108 (14)

ZSegregating materials and seed multiplication during off season. 
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In some locations, the pod wall had some spots which appeared to be physiological in nature 
(possibly due to pollution damage). This problem, however, needs further study. 

Kaohsiung No. 10 (AGS 129) and Tainan No. 1 (AGS 66) were widely accepted by the farmers. 
However, Kaohsiung No. 10 (KS 10) in the spring season was severely damaged by downy mildew 
in sonic locations. Genotypes which are similar in yield as KS 10 but resistant to both downy mildew 
and bacterial pustule had been developed and are ready for yield evaluation. 

Thailand 

In spite of its reported moderate downy mildew and purple seed stain susceptibility problems,
Sukothai No. I is well accepted by farmers in Sukothai, Srisamrung, Kamphaengpet and Utharadit. 
The Department of Agricultural Extension estimated ihat the area planted to Sukothai No.1 would 
not be less than 60,000 ha during the rainy season. 

New breeding linus similar to Sukothai No. I with downy mildew resistance had been provided
for evaluation in Chiang Mai. There was no opportunity to visit the trials and data are being compiled. 

Indonesia 

In 1984, the ,arly-mnaturing mutants, G 2120 from AVRDC, along with a number of breeding
lines, were provid.l to the Bogor Research Institute for Food Crops (BORIF) in Indonesia. After 
intensive yield evalua ion and multilocational testing, Dr. Sumarno, Ir. Soegito and Dr. J. Siemonsma, 
the soybean breeder, proposed it for release to the farmers. In February 1987 the Ministry of 
Agriculture officially named G 2120-M as Tidar. Yield data on Tidar from seven locations in different 
parts of Indonesia compared to other improved varieties are given in Table 19. The new variety was 
8% to 182% higher yielding than the existing varieties tested (Table 19).

In 1985 and !986, G 2120-M (Tidar) was evaluated in live different locations (two trials) in East 
Java. The highest yield of Tidtar obtained in Bojonegoro was 2.79 t/ha in 75 days (Table 20). 

Table 18. Description of vegetable soybean Kaohsiung No. 1. 
Original code: AGS 292
 
Pedigree: Taishoshiroge
 
Origin: AVRDC, Taiwan
 
Days to harvest: 68 to 78 days (average 74 days)

Plant height: 29.9 to 41.7 cm (average 35 cm)
 
Number of bianch/plant: 2
 
Number of nodes of main stem: 8.9
 
Lodging: All plants trect, nonlooging

Plant height at first pod: 14.5 cm suitable for mechanical harvesting
 
Flower color: purple
 
Color of seed coat: yellow
 
Skin color of pod: white
 
Pod number of 500 g weight: 153
 
Green pod yield: 5.41 t/ha
 
Sugar content: 13.66% DM
 
Protein content: 37.85% DM
 
Oil content: 18.88% DM
 
Disease resistance: resistant to downy mildew
 
Plant season: Spring- mid-February until early March
 

Summer: early June until early July
Autumn: mid-September until early October
 

Release by: Kaohsiung DAIS
 
Date of release: 23 April 1987
 
Yield: An average of 23.5% higher" than Tzurunoko.
 



Table 19. Grain yield of AVRDC G 2120M tested in different locations in Indonesia, 1986. 

Yield (t/ha)Variety Lampung Lampung Subang Subang Kuamang Citayam Muara Average Days to Yield/dayname I Knnngmaturity (kg/ha/day) 
1 11 11 Kunning

G 2120-M 1.30 1.28 0.69 0.69 1.37 1.98 1.33 1.23 75 16Wilis 0.95 1.02 0.61 0.74 0.73 2.06 1.33 1.06 84 3
Lokon 0.59 0.63 0.66 0.82 0.67  - 0.67 78 9
Orba 0.81 0.91 0.68 0.73 0.65 - - 0.75 84 9Kerinci 1.18 1.18 0.61 0.63 1.02 1.93 1.44 1.14 89 13 5
LSD 5% 245 240 126 126 300 220 247 ': 
CV % 20 20 19 19 17 8 13 

CD 
0 

Table 20. Grain yield of G 2120M in trials conducted in East Java.z 

Yield (t/ha)
 
Varieties BJGR Y PNRG I PNRG II PSRN I PSRN 
 II JBGD PSRM PNRG SKRG Ngale PSRN Genteng Mean Productivity 

MK86 MK 85 MK 85/86 (kg/ha/day)
G 2120M 2.79 1.33 1.40 1.45 1.57 1.33 1.77 1.12 1.51 1.15 1.10 2.18 1.56 21 
(MLG 2753)

Wilis 2.29  - - - 1.80 1.75 1.38 - 1.33 1.15 1.91 1.66 19
Kerinci - 1.58 1.54 1.70 1.71 1.53 1.85 1.31 1.71 1.13 1.49 2.51 
 1.64 18ZConducted in cooperation with Malang Research Institute for Food Crops (MARF). YBJGR = Bojonegoro; PNRG = Ponorogo: PSRN = Pasuruan: JBGD = 

Jambegede: SKRJ = Sukorejo. 
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In Jatiluhur area in West Java, there is almost ami1llion hectares of land left fallow after the harvest 
of rice (Pasaribu and McIntosh 1986). 5 An early-maturing soybean variety is required to farm the 
fallow land in Jatiluhur. Tidar, which matures in 72 to 77 days, appears to meet the needs of the 
Jatiluhur area. 

Mali 

AVRDC's AGS 200 and AGS 215 had been reported to be the best performers after a number 
of trials using diverse materials. The yield potential of these entries had been reported as 2.3 t/ha. 
The Soybean Association of Mali is interested in buying 7,000 kg of seeds ofeither AGS 200 or AGS 
215 for planting. 

Vietnam 

Among the number of entries received from AVRDC, G 2261 had been reported to be performing 
well in Vietnam (personal communication, Dr. Chi). They would like to receive more genotypes from 
AVRDC through the FAO poucn in Thailand. 

Sri Lanka
 

A number of Canadians working in Sri Lanka reported that vegetable soybeans AGS 186, 188, 
190 and 191 performed very well, are readily accepted by the consumers and have less beany tlavor. 
AVRDC provided 2 kg of each of the breeder's seed for multiplication in Sri Lanka. 

Korea 

As in the past, 34 breeding lines for advance generation and one elite line for seed multiplication 
v-ere grown from February to May 1987. From this project a total of 66 kg seeds were airfreighted 
in May 1987 to Korea. The actual amount of seed multiplied for Milyang No. 25 (35 kg) far exceeded 
the expected yield (20 kg). The seed quality was excellent. As a result of' this cooperation, Korea 
was able to release six new soybean varieties to their farmers. 

The results of elite selections evaluated in different countries are shown in Table 21. AGS 299 
appeared to have high yield potential in South Africa. In Zaire. GC 82146-43-9-9 and GC 82200-6-12-10 
had outyielded the local check, SJ 127. In other countries the experimental yields were quite low 
due to diseases, insects and drought. 

Thirteen ASET (1985 and 1986) data were returned by 13 scientists in 12 countries ('fable 22). 
The results of ASET revealed that AGS 124, AGS 129, AGS 217. AGS 299 and AGS 162 had outyielded 
the local checks in one or more countries (Table 23). 

The updated list of varieties released by the national programs in various countries is given in 
Table 24. 

Table 21. Summary of results of International cooperation. 

Country/ Yield 100
location/ Entry (t/ha) DM seed SQw Remarks 
cooperator wt.(g) 

Liberia 

Monrovia AGS 58 1.06 85 28 2 Date planted: 24 July 1986 
Cheng Shui-Po AGS 66 0.44 70 13 2 Single replication -

AGS 129 0.42 90 17 3 Observational trial -
AGS 1038 0.96 90 31 3 No check variety. 

5pas.arihu, D. and J. L. McIntoh. I986. In'reasi ng tropical soybean productiof with improved cropping systems and 
managements. Pages 1-12.In S. Slantug' ,undaramn, F.W. Sulzbierger and B.T. Mclean. eds. Soybeani in Tropical and Subtropical 
Cropping Systems, AVRIDC, Shanhua. fainan. 
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Table 21. Continued. 

Country/ 

location/ Entry 

cooperator 


Andrew Saye 	 Check 

AGS 190 

AGS 292 

G 10134 

G 9053 

Philippines 

La Union 	 AGS 2 
Felino R.Neri (G2120) 

AGS 24 
AGS 7 
UPLSY 2 
(check) 

CV. 

Pakistan 

Tandojam 	 Steele 
25.20 N, (check) 
63.390E, 19 m AGS 148 
a.s.l. 	 Columbus 

(check) 
A.H.Chaudhary AGS 154 
N.A.Umerani 
M.H.Kharzada 

South Africa 

25024'S, 	 AGS 299 

29 0 22'E, AGS 296 
1009 m a.s.I. AGS 298 

AGS 303 
(Buffelspoort) 
T.E.M.Odendaal 

A.. 

Tonga
 

Donn Cobb and 	 AGS 129 

S. Malamala 	 AGS 66 
Vaea 	 KS 8 


H 15 


Zaire 

11 044'S AGS 66 
27 025'E AGS 200 
Kanimeshi, AGS 222 
Shaba AGS 215 
1187 m a.s.l. SJ 127 

(check) 
GC 82146-43-9-9 

GC 82200-6-12-10 
SJ 127 (check) 

Yield 
(t/ha) 

0.58 
0.50 
0.49 
0.48 
0.35 

2.10 a 

1.24 b 
1.21 b 
1.87 a 

21.5 

1.41 a 

1.12 ab 
1.10 ab 
1.04 b 
1.01 b 

3.20 

2.81 
2.73 
2.72 

0.64 

0.89 
0.97 
0.71 

0.86 a 
0.85 a 
0.82 a 
0.82 a 
0.49 b 

1.44 a 
1.43 ab 
0.83 e-h 

D 
DM 

88 
92 
84 

93 

94 


-

-
-
-

-

93 

87 
91 
94 
88 

120 

102 
108 
102 

77 

77 
86 
66 

105 
102 

113 
114 

126 

106 
103 
126 

0-
seed 
wt.(g) 

16 
10 
14 

13 

15 


7 b 

16 a 
13 a 

6 b 

22.3 

14 

12 
10 
14 
11 

13 

20 
1 
7 

-

-
-
-

13 
15 

20 
17 

12 

18 
15 
10 

SQW 

4 
3 
4 
4 

4 

-

-
-. 
-

-

3 

4 
4 
3 
4z 

2 

2 
3 
2 

-

-Y 
_x 
-

-
-
-
-
-

-
-
-

Remarks 

Date planted: 17 May 1987 
Single replication 

Date planted: Nov. 1986 
Incomplete data. 

Date planted: 7 March 1987 
ZResistant to thrips 

Date planted: 20 Jan. 
1986
 

Irrigated: 19 times 
(366 mm) 

Single replication 
Total no. of entries 

evaluated: 36 
Yield range: 0.2- 3.2 t/ha 

Date planted: 13 March 
1986
 

YLess charcoal rot and 
beanfly damage, 

XSusceptible to charcoal 
rot; Single replication 

wi = Best quality, 5 = worst, badly weathered or damaged seed. 
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Table 22. List of cooperators who returned the data 	for ASET. 

Country Trial no. Cooperators Address 

Ethiopia 85A-6 Amare Belay Institute of Agri. Research 
Gasuanin Awasa Res. Center, P.O.Box 6 

Sidamo, Ethiopia 
Liberia 85A-9 Saye Diagor A.V.S.P.P. Box 34, Saclesea. 

Nimba, Liberia 

Tanzania 85A-1 J.A. Asenga T.A.R.O. lionga, Kilosa, 
E.G. Ngowi Tanzania 

Vanuatu 85A-1 i Mrs. Henry Torgil, Lolowai, Ambae, 
Ullman Vanautu. 

Costa Rica 86-14 Ir. German Ministerio de Agricultura y 
Quesada H. Ganandaria, Apt. 19094-1000 

San Jose, Costa Rica 

Korea 86-16 Eun.Hi Hong Crop Experiment Station, ORD 
Suweon-170, Korea. 

Pakistan 	 86-17 A.H. Chaudhary Oilseeds section, Agril. Res.
 
Inst., Tandojam, Sind,
 
Pakistan 

Philippines 86 2 F.F. Bongolan 	 Betinan Research Station,
 
Ministry of Agric. & Food,
 
Betinan, San Miguel
 

86-31 Amy P. Yadao 	 Pioneer Overseas Corp., 
Katangawan, General Santos 
City, Philippines 

Rep. de Guinea 86-19 Clouvel, IRHO Proj. de Development Rural
 
Bissu Zone II, Bafata
 

South Africa 86-36 T.E.M. Odendaal Buffelspoort Res. Station,
 
Buffelspoort, South Africa
 

Taiwan 86-21 Chan Kuo Lein TARI, Wufeng, Taichung
 
Zimbabwe 86-41 J.R. Tattersfield Rattray Arnold Res. Station,
 

Box CH 142 Chisipite, Harare 

Table 23. Results of ASET from cooperators. 

Country location Cross no.or Yield Days to 
Date planted name (t/ha) maturity SQX 10SW Remarks 

Ethiopia 
7 004'N, 38 0 27'E Clark 63 (ck) 2.3 a 120 2 13 ZHighly resistant 
7 July 1986 	 AGS 275 2.2 ab 135 2 11 to bacterial 

AGS 129 2.0 ab 138 2 12 pustule 
AGS 66 1.9 abc 123 3 11 
AGS 242 z 1.7 bcd 109 1 19 
Williams (ck)z 1.3 def 110 2 12 

Liberia 
7-N, 9°W AGS 242 0.8 86 - 18 YResistant to 
1 April 1987 AGS 66 0.7 90 - 14 rust, bacteriz:! 

AGS 245 0.7 90 - 16 pustule & downy 
AGS 129' 0.7 91 - 16 mildew 

Tallzanla 
6041'S, 37 0 02'E AGS 29 0.6 a 89 3 18 No disease 
19 May 1986 AGS 204 0.4 b 89 3 19 

Bossier (ck) 0.4 b 90 3 17 

Vanautu 	 The students of the Agricultural School liked the soybean so much (either boiled in 
salt water or cooked with rice), that they harvested and ate them all. No yield data 
was returned. 

Costa Rica 
10 0 00'N,84 0 13'W 	 AGS 124 1.8 a - - - Incomplete 

AGS 162 1.6 ab - - - data 
AGS 299 1.6 ab - - 

--AGS 129 1.6 ab -
Siatsa 194A(ck) 1.3 bcd - - -
Jupiter R (ck) 1.2 d - - 
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Table 23. Continued. 

Country location 
Date planted 

Cross no.or 
name 

Yield 
(t/ha) 

Days to 
maturity SQ 100-SW Remarks 

Korea
370 16'N,126°59'E Localcheck z 2.3 a - 25 ZHighly resistant 
19 June 1986 Local checkz 2.0 ab - - 26 to SMV 

AGS 129 y 1.7 bc - - 17 YResistant to 
SMV 

Pakistan 
25 0 2'N,63 0 38'E 
4 August 1986 

AGS 129 
AGS 299 
AGS 124 

1.7 a 
1.5 ab 
1.5 ab 

96 
91 
98 

-
-
-

14 
13 
13z 

ZSusceptible to 
pod blight 

Local check 1.1 abc 97 - 17 
Local check 0.6 c 98 - 15 

Philippines 
70 54'N,123 0 27E AGS 217 0.8 a - - 15 
3 October 1986 AGS 160 0.8 ab - - 13 

60 7'N, 125'11'E 
25 Sept. 1986 

Local check 
AGS 299 
AGS 129 

0.6 bcd 
3.1 a 
2.8 ab 

-
80 
85 

-
2 
2 

11 
16 
14 

AGS 299 is 
excellent 

AGS 208 2.8 ab 80 2 2i 
G9961 (ck) 2.6 a-d 86 1 14 

'1 = Best quality and 5 
Manchuria (ck) 2.2 cd 86 

worst, badly weathered or damaged seed. 
2 15 

Table 24. AVRDC soybean releases. 
Local name AVRDC ID # Year Country Remarks 

Darco 1 AGS 29 1981 Honduras EM, UM, HY, CLS 
KM 1 G 2120 1980 India RF, HY 
G 2120 G 2120 1980 Indonesia HY, CC, SC, ST, G, LSV 
Wilis** G 2120 1983 Indonesia EM, HY, (R)***
Kerinci** G 2120 1985 Indonesia HY, (R), BF 
Tidar G 2120-M 1987 Indonesia HY, EM, RF, LSV, G, ST 
Taiwan 30050 AGS 17 1982 Malaysia HY. MH 
BPI Sy4 AGS 73 1985 Philippines HY, EM, UM, LSV, BP, R, 

(Tancosoy) L, S, WA 
Kaohsiung No. 9 AGS 12 1982 Taiwan HY, BP, SSP 
Kaohsiung No. 10 AGS 129 1985 Taiwan HY, NL, BP, SSP 
Tainan No. 1 AUS 66 1986 Taiwan HY, S, MH, EM. SP, DP, 

BP, L, BS 
Sukothai 1 AGS 9 1986 Thailand NL, HY. d P, (R)
Dowling G 58 1978 USA* R, HY 

30229-8 1983 Zimbabwe** NL, HY 
KS # 1 AGS 292 1987 Taiwan VS, HY, DP 

* Selected at AVRDC. but not an AVRDC improved line. 
* Cross between AVRDC line and local cultivar. 

* * Parenthesis indicates moderate levels of resistance 
BF = resistant to beanfly: BP = resistant to bacterial pustule:

BS = suited to bean sprouting; CC = suited to crude cultivation;

CLS = resistant to Cercospora leaf spot; DP = resistant to downy mildew;

EM = early maturing; G good germination;

HY = high yielding; L nonlodging;

LSV = long seed viability: MH = suitable for mechanical harvesting;

NL = narrow-leafed; R = rust tolerant;
 
RCI suitable for intercropping with rice or corn; RF = suited to cultivation in rice fallows;

S nonshattering; SC = suited to intercropping with sugarcane;

SP = suited to summer planting; SSP = suited to spring and summer planting;

ST = preferred for making tempeh; UM = uniformly mature;
 
VS = vegetable soybean; WA = wide adaptability.
 



Soybean Entomology 

Screening of Selected Soybean Accessions 
for Tolerance to Beanflies 

Summary 

Tolerance of soybean germplasm to beanfly [mainly Melanagroinyza sojae (Zehntner)] damage 
was studied in three tests. Soyhean accession G 8586 showed consistently less yield loss 
due to beanfly infestation for three consecutive years. PI 171444, P1 229358 and G 794 
also showed tolerance to beanfly damage. 

Introduction 

Three species of agromyzid flies, commonly called beanflies, are economically important pests
of soybean in tropical to subtropical Asia, Africa, Australia and Oceania. These species: Ophiomyia
phaseoli (Tryor). 0. cemrosematis (De Meijere) and Melanagromvza sojae (Zehntner) (Diptera:
Agromyzidae), have a wide host range among economically important legumes. The insect larvae 
bore into the stems, especially those of young seedlings, and seriously weaken or at times kill the 
plants. Since the larvae feed inside the stem, its damage remains unnoticed. Since 1975 AVRDC has 
been screening soybean germplasm resistant to these insects; however, until now only a few wild 
soybean, Glv'cine softa, accessions have shown resistance to these pests. The resistant accessions possess 
very thin viny stems and this agronomically undesirable character is responsible for the resistance. 
All progenies bred by utilizing resistant G. soja parents become susceptible as soon as the plant stem 
diameter increases. Therefore, since 1981 AVRDC has been screening soybean germplasm tolerant 
to beanflies. A tolerant cultivar is one which has no or minimum yield reduction despite heavy beanfly
infestation (up to 100% plants damaged). In 1985-86 the Center screened 200 accessions in a 
nonreplicated preliminary test and 18 additional accessions in a replicated second test, for tolerance 
to beanflies, mainly H. sojae. Four Plant Introduction (PI) accessions which had shown resistance 
to other insects and which are being used in the defoliator resistance breeding program, were also 
screened for tolerance to beanflies. 

Materials and Methods 

A one-hectare field was rototilled and after application of basal fertilizers worked into I-rn wide 
beds. These beds were partitioned into 10.25-m long plots which were divided into two adjacent 5-m 
long subplots separated by a distance of 0.25 m. Seeds of each entry were sown in two parallel rows 
40 cm apart on the top of two adjacent 5-rn long subplots separated by 0.25 i empty area. A distance 
of 10 cm was maintained between two adjacent hills in each row. For the preliminary test, seeds of 
each entry were planted in only one plot consisting of two 5-rn long adjacent subplots. The second 
test had 18 entries and PI accession screening with the soybean seeds planted in three similar randomly
selected plots, each representing one replicate. The crop was raised by customary cultural practices 
except that in one of the two subplots of each entry, two insecticides, mionocrotophos or omethoate, 
were sprayed each at the rate of 0.5 kg a.i./ha. Spraying was done alternately at 3, 7, 10, 17, 24 
and 31 (lays after germination, while the other subplot was left as untreated control. 
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Four weeks after germination. the crop was sampled by uprooting 10 plants each from both subplots 
of each entry. Stems of each plant in the sample were cut open to observe the beanfly damage inside 
the pith. The number of beantly damaged and healthy plants was recorded. Also, at this time the 
plants were thinned to maintain an approximately equal number in each subplot of each entry. 

Starting six weeks after germination, the entire field was sprayed with contact insecticides such 
as deltamethrin or fcnvalerate to protect the plants against other, mostly polyphagous. insect pcsts. 
At harvest the seed yield per subplot was recorded. 

Results and Discussion 

Preliminary screening. In this screening 200 accessions were included. In untreated subplots 
beanfly damage ranged fron 40% to 100% with an average of 84%. In insecticide-treated subplots, 
plant damage ranged from 0% to 40% with an average of 8%. The yield loss ranged front 0% to 
51. 1%with -n average of' 20%. The entries that yielded at least 0.5 kg/rNot in insecticide-treated 
subplots, in which the yield loss was 5% or less are listed in Tab!e I. Since the sole criterion fbr 
tolerance evaluation w,'as the yield which, besides beanflies, could be influenc:ed by other factors, and 
the fact that the experiment had only one replicate, these selected entries wdl be tested again in a 
multireplicate test in the 1987-88 season before making tile final selection. 

Table 1. Performance of selected soybean accessions for tolerance to beanflies in a 

preliminary test.z 

No. of Damaged Yield Yield 
Accession plants plant (%) (kg/plot) loss 

+ - + + (%) 
G 2 155 160 25 50 0.95 0.90 5.3 
G 8 140 149 0 70 0.85 0.90 0.0 
G 38 104 86 0 85 0.86 0.82 4.7 
G 92 124 129 0 90 0.70 0.85 0.0 
G 97 130 141 0 65 0.75 0.77 0.0 
G 100 148 159 0 55 0.72 0.75 0.0 
G 110 146 147 0 95 0.68 0.75 0.0 
G 141 173 170 10 55 0.63 0.60 4.8 
G 278 160 162 0 85 0.70 0.67 4.3 
G 336 143 138 30 90 0.73 0.73 0.0 
G 516 132 112 5 80 0.75 0.74 1.3 
G 669 105 116 35 85 0.50 0.48 4.0 
G 725 116 115 15 95 0.56 0.61 0.0 
G 750 136 138 0 85 0.65 0.69 0.0 
G 292 144 135 5 90 0.90 0.46 48.9 
G 448 156 148 5 85 1.25 0.70 44.0 

ZPIot size: 5 m x 1 m. Sown 30 September and 1October 1986. Harvested 12 December 1986 to 13 January 
1987. Average yield loss for 200 accessions was 20%. + -- insecticide-sprayed plot, - = untreated plot. 

Second screening. The accessions and breeding lines included in this screening were selected 
on the basis of high level of tolei ance (minimma yield loss) in earlier tests. The results of tile I986-87 
test are ,. mniarized in Table 2. Soybean accessions G 794 and G 8586 had no yield loss. In the 1985-86 
test G 794 recorded only 1. 1 % yield loss while G 8586 had shown tho least yield loss for the past 
successive three years. It was found that in soMC acc.:,sions and breeding lines yield loss varied from 
season to season. As such some entries found to be tolerant in one year were found susceptible in 
the next year's test. For example, in the past two years C 2320 had a yield loss of 4% and 0.9%. 
but this year in two tests it had a yield loss of 7% and 16%. Similar phenolenon was observed with 
other accessions. 

Screening of Pi accessions. Four P! accessions: P"1171444, PI 171451, PI 227687 and 
PI 229358 have shown resistance to various pests at a wide variety of locations. Their tolerance to 
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beanfly infestation are summarized in Table 3. There was no yield loss in PI 171444 and P1 229358 
and it was minimun in PI 171444. It must be emphasized though that their yield potential is very 
poor. It is possible that due to low yield the differences in yield loss was not evident. Because of' 
their resistance to several species of insect pests, further studies with these accessions will be pursued. 

Table 2. 	Performance of selected soybean accessions and breeding lines for tolerance 
to beanflies in second screeningz 

No. of plants Damaged Yield Yield
 
Accession per plot plants (%) (kg/plot) loss
 

+ + + (%)
 
G 652 151 152 7 83 0.76 0.66 14.5 a
 
G 674 144 141 5 82 1.10 0.98 10.3 ab
 
G 694 165 154 0 87 0.96 0.79 18.2 a
 
G 754 131 147 0 93 1.15 1.11 4.1 ab 
G 794 136 153 5 92 0.86 0.88 0.0 b 
G 848 155 157 0 83 1.24 1.02 17.3 a 
G 936 172 169 8 82 0.84 0.81 4.7 ab 
G 2320 166 162 7 88 1.04 0.96 7.0 ab 
G 8586 139 156 0 90 0.60 0.73 0.0 b 
AGS 8 158 158 2 82 1.12 1.03 8.7 ab
 
AGS 37 146 139 2 95 1.15 1.08 7.8 ab
 
AGS 50 154 163 5 97 1.13 1.06 8.8 ab
 
AGS 52 142 150 3 88 1.13 1.06 7.7 ab
 
AGS 67 148 143 5 80 1.30 1.20 8.3 ab
 
AGS 76 130 130 7 93 0.97 0.81 16.0 a
 
AGS 93 155 160 7 87 1.11 1.07 3.9 ab
 
AGS 106 161 154 5 77 0.90 0.88 6.7 ab
 
PP 18 146 144 7 93 1.02 0.96 6.0 ab
 

LPlanted 1October 1986 and harvested 24 December 1986 to 13 January 1987. + = insecticide protected,
 
untreated. Plot size:
- = 	 5 m x 1 m. 

Table 3. Performance of selected PI accessions for beanfly infestation and yield loss.' 

No. L + P Damaged Yield Yield 
Entry /20 plants plants % kg/plot loss 

+ + 	 + (%) 
P1 171444 1 6 20 53 0.20 0.22 0
 
P1 71451 4 11 35 58 0.40 0.39 3.0
 
PI 227687 2 9 23 58 0.37 0.29 20.7
 
PI 229358 4 1') 35 58 0.23 0.26 0
 
AGS 199 4 9 35 77 0.72 0.66 8.6
 

ZPlanted 4 September 1986 and harvested 3 January 1987.Plot size: 5 in x 1m. + = insecticide protected,
 
- = untreated check. Mean separation ineach vertical column by DMRT,P = 5%.
 

Beanfly Resistance in Selected P1 Accessions 

Summary 

Four Plant Introductions, PI 171444, PI 17145 1,PI 227687 and PI 229358, were tested at cotyledon 
stage for resistance to bcantly, Ophiom via phaseoli (Tryon), in the greenhouse. The number of pupae 
per plant was significantly less in Pi 227687 than in the susceptible check and in the other three PI 
accessions. Plant mortality was sign;ficantly less in PI 171444 and PI 227687. PI 227687 appears 
to be resistant and PI 171444 tolerant to C.phaseoli. 
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Introduction 

A beanfly species, Op/iomyia phaseoli (Tryon) (Diptera: Agromyzidae), is the most destructive 
pest of soybean in Indonesia and in the southern part of Vietnam. Although this species occurs in 
Taiwan and is a major pest of mungbean and snapbean, so far it is not serious on soybean. Thus, 
AVRDC is as yet unable to screen for resistance to this species. In 1987, however, a mass-rearing 
technique for this insect was developed. As a :c' ult, soybean can now be screened at least in the 
greenhouse, for resistance to this pest. In 1987 after developing the mass-rearing technique, four soybean 
PI accessions, which have shown resistance to various other insect pests were screened, fo! resistance 
to 0. phaseoli. 

Materials and Methods 

Seeds of the four PI accessions: PI 171444, PI 171451, PI 227687 and PI 229358, and one known 
susceptible entry, AGS 66, were planted in clay pots 'nthe greenhouse. There were four pots per 
entry, each representing one replicate. Soon after germination when plants had only green cotyledons, 
the seedlings were thinned to 10/pot and the pots placed under a nylon net cage. About 1,000 freshly 
emerged beanfly adults were then released inside the cage. Two days after the release the number 
of eggs in the cotyledons was recorded. The eggs which were laid just underneath the epidermis were 
easily observed with the help of an ordinary magnifying lens. Two weeks after egg laying plant mortality 
was recort d. At this stage each plant was cut open an( the number of pupae found inside each plant 
recorded.
 

Results and Discussion 

The rcsuts of egg laying, number of pupae per plant and plant mortality are summarized in Table 
4. There was no significant difference in the number of eggs laid by 0. phaseoli in the cotyledons
of three PI accessions and the susceptible check. In PI 171451 the number of eggs laid was significantly 
higher than in the susceptible check znd other PI entries. However, the number of pupae pcr 10 plants 
was significantly less only in PI 227687 than in the susceptible check. Plant mortality, which is the 
most important mode of damage due to 0. phaseoli, was signiicantly less in PI 171444 and PI 227687 
than in the susceptible check and the remaining two PI accessions. In the case of PI 171444, most 
of the eggs became larvae and pupae but plant mortality was minimal. This PI, thus, seems to tolerate 
feeding by 0. phascoh larvae. In PI 227687 less than one-third of the eggs reached pupal stage. In 
this PI there seems to be antibiosis which interferes either with egg hatching, larval feeding, or the 
process of pupation. In any case these two entries represent an important source of at least a moderate 
level of resistance to 0. phaseoli. The mechanism of resistance will be investigated in 1988. 

Table 4. 0. phaseoli infestation of selected soybean PI accessions, AVRDC 1987.z 
Entry No. of eggs/10 plants No. of pupae/10 plants % plantmortality 

PI 171444 29 ) 24 a 10 b 
PI 171-451 99 a 24 a 69 a 
P1227687 31 b 10 c 6 b 
P1229358 59 b 11 bc 52 a 
AGS 66 59 b 20 ab 51 a 

ZData are means of four replicates. Mean separation in each vertical column by DMRT, P = 5%. 

A Procedure for Mass-Rearing Beanfly 

Summary 

A simple and inexpensive procedure that utilizes freshly emerged soybean cotyledons was developed
for mass-rearing beanfly, Ophiomvia phaeoli (Tryon). Beanfly adults lay eggs in the soybean 
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cotyledons and the larvae feed and pupate in that plant part. Larvae and pupae can be taken out and 
used for studies at any stage or the pupae can be maintained until adult emergence. The insect raised 
in this manner retains its ability to infest soybean. Up to 2,000 flies/day were raised by this method 
with the input of one laborer. 

Introduction 

The beanfly, Ophiomvia phaseoli (Tryon) (Diptera: Agromyzidac), is one of the most destructive 
and widely distributed insect pests of economically important food legumes in tropical to subtropical 
Asia, Africa, Australia and the Pacific. The insect larva bores into the stems of young plants which 
results in plant mortality or severe reduction in growth and yield. In most areas of Southeast Asia 
and East Africa, this pest is a major limiting factor in tie successfu1l cultivation of such economically 
important legumes such as snap bean Pliscohts evut/qas L. and soybean, Glv'ciem tIUL (L.) Merrill. 
In many cases, inlfestation of beanfly is also accompanied by certain other agromyzids, such as 0. 
cOInttr111'altis (De Meijere), 0.Vw'cere'la (Greathead) (in East Africa) and Melaagroynvza sojae 
(Zehntner), which cau;t damage similar to the beanfly.

To control bean fly economically. sources of resistance to beanfly in soybean and mungbean, and 
on breeding of soybean and mungbean cultivars resistant to this pest are being studied. This res;earch 
requires continuous and ample supply of the insect. However, the beanfly population is not high enough 
to allow tile conduct of resistance screening throughout the year under field condition, due to 
environmental factors such is rainfall and, at certain times of the year, proliferation of natural enemies. 
This lead to tile devcloprient of a mass-rearing method which can produce large numbcrs of insects 
throughout the year to facilitate resistance breeding. 

Materials and Methods 

An ordinary plastic container (7 x 7 x 4 cm) with four small holes at the bottom was filled 
with vermiculite to a depth of about 3 cm. About 50 soybean seeds were sown on the top of this 
layer ind additional vermiculite was added to cover the seeds completely. The container was then 
placed in tile greenhouse and watered regularly once a day. The holes at the bottom of the container 
facilitated drainage of excessive water which resulted in a higher percentage of seed germination. 
In two to three days. the seeds germinated with thick green cotyledons above the vermiculite. 

After two more days, the gr wing point above the cotyledons was cut off. The seedlings with 
cotyledons only were then placed in an oviposition cage (30 x 30 X 30 cm) containing about 200 
beanfly adults. The cage had a wooden top and bottom and sides confined with nylon net, including 
one side ,hat can be opened and closed. Two or three absorbant cotton plugs dipped in honey solution 
were placed inside the cage to serve as food for the adults. After 30 Mill of exposure, during which 
heanflv females laid eggs in the cotyledons, the seedlings were removed. The presence ofovipositioni 
holes confirmed the cgg laying in the cotyledons. Within 24 hours, the cotyledons with eggs were 
excised with the help of a sharp knife and placed in a petri dish lined with moist filter paper. They 
were then maintained at 25 °C for an additional 10 days to develop into pupae. Since one cotyledon 
can sustain the growth of a maximum of three larvae until pupation, the duration of exposure of soybean 
seedlings for oviposition should be carefully worked out to avoid excess laying of eggs. The presence 
of more than three larvae per cotyledon requires the laborious transfer of larvae to fresh cotyledons 
or else the larvae will die in the cotyledon before pupation. 

Pupae can be collected easily by removing the papery epidermis of tile cotyledon. For adult 
cmergence, pupae were placed in an open petri dish in a cage. Adults started eiierging within 10 days. 

Results and Discussion 

Beanfly readily lays eggs in soybean cotyledons and the larvae tunnel in that plant part (Fig. IA). 
These tunnels can be opened to get ;t vle of desired instar (Fig. I B) for specific studies. Pupation
takes place just underneath tile epidermis (Fig. IC) on both sides of the cotyledons. 

0. phaseoli had been continuously reared on soybean cotyledons in AVRDC for the past seven 
generations over a period of six months. The larval mortality was practically nil and pupation 
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rate approached 100%. The duration of various growth stages (Table 5), the entire life cycle by this 
procedure, and those occurring under natural condition were comparable. The growth and development 
of the insect was quite stable at least lr the past seven generations (Table 6). 

The nass rearing procedure developed at AVRI)C is quite simple and inexpensive. It does not 
require temperature control facilities. Soybean seedl ings can be raised in the open prOVided they are 
sheltered from excessive rainfall. Although the oviposited cotyledons were placed at 25'C for about 
10 days froii OvilpOSitiO(1 Since a large n1Lito pupal stagc, tile space required for this was iii iniuln ube r 
of cotyledons (I.p to I(X)), each Containing two to three larvae, can be accommodated in a 9-cin di ameter 
petri dish. It is possible to modify this stage and rear the larvae ill the cotyledons irraintained iin the 
laboratory fitted with an ordinary ro in air-condili ner. 

Excising of cotyledons after oviptosition isessential because, if lel't intact, the second instar larvae 
enter th1e hypocotvl and kill the plant. This hinders the growth and pulpation of heantlV larvae. Physical 
remioval of urtpae from tile excised co'tylCdons is also essential since by pupation lime ill eight days, 
the excised cotyledons begin to rot arnd this may kill tile heantly p Lti . 

iAi 

A B 

Fig. 1. 0. phaseoli feeding tunnels (A), larvae (B). and pupae (C) in soybean cotyledons. 

Table 5. Life history characteristics of 0. phaseoli reared on soybean cotyledons. 
Item Mean/ - standard deviation (range) 

Egg and larval stage (days) 1.0 1 0.5 (9 to 11)
 
Pupal stage (days) 9.8 f 0.6 (9 to 11)
 
Pupal weight (rag) 0.7 1 0.0
 
Adult emergence (%) ,4_83
 
Adult longevity (clays) 17.3 ± 2.3 (13 1)
 

'Mean of 50 Insects 

Table 6. Pupal weights and extent of adult emergence of 0. phaseoli reared on soybean cotyledons 
over seven consecutive generations, 1987. 

Adult emergence'Pupal weight'Generation (nag) 
First (February) 0.67 f 005 74 5 1 8.7 
Second (March) 0,68 0006 762 1 '_ 
Third (March-April) 0.70 0.06 77 3 1 7.7 
Fourth (April-May) 0.66 t 003 75.6 _ 9.8 
Fifth (May) 0.67 + 0.05 73.8 ! 6.1 
Sixth (June) 0.69 + 0.04 77.1 ± 11.0 
Seventh (June-July) 0.70 t 0.05 74.7 .t* 7.2 

ZData are mean of 50 insects ± standard deviation. 

C 



127 Soybean Entomology 

About 2.000 beanfly adults/day with labor input of onc person were produced. This can easily
be increased if adequte labor input is available. The insects reared on soybean cotyledons retained 
their usual ability to infest soybean. There was 100% inf'estation of soybean plaints placed in 4 x 
I x 0.5 il net cage containing 8 pottcd pa ats, with about 1.700 adults. A phnt mortality ofl" up 
to 90%, which is commoniUnder open field condition with ambient population at certain loc:ities 
in Asia, had been achieved i, soybean plants placed under cages described above. 

In additioil to soybean, niu ngbeni, anolher easily available legume, was also utilized but it was 
unsuitable since beanlv did not Iay eCgs in iungbean ct yledons. 

Recently it was t!sO I'inrd that M. sojov. another agroiiyzid pest of' soyber anrd several other 
legunIes, which normally lVys eggs in the I'oliage. car also Ily eggs in soybean cotyledons. The insect 
is now being reared ill the laboratory in the saue imanner is the bean fly. 

Biology of Ophiomyia centrosematis (Diptera: Agromyzidae), 

a Pest of Soybean 

Summary 

The biology of an ronyzid pest. ()phhm via (.',trosvi'afis(De Mci.iere). was studied under 
laboratory conditions utilizing soybean. as ahost plant. The insect laid eggs.just underneath the epidermis 
ill the hiypocotVl OF Vo ung seedlings. Oviposition startcd on the third day and lasted until the lth 
day after adult eniergcnce. Most of the eggs were laid between I I a.ni. and 5 p.i. On the average. 
a single feiiale laid 63.2 + 13.7 cogs in her lifetinie. Larvae which fed Oi cortx tissue had three 
instars during 10.9 -1 1.0 dtys of lthe larval period at 28'C. Pupation took place in t1c cortex tissue 
and pupad period was I1 .(0 + 0.8 das al 2,8"C. )espite nunier(ons eggs being laid, ; lllxirurn of 
0lv two pupae were iund pC pIir . AdIts errerged betwee n I I a.iiti. and I p.m. lt roorii telnpCiltLres 
of 18 to 2('C' arrd between 7 a.ri. and 9 a.m. at 28" to 32" '. lost olthe rh lings took place between 
5 a , d 8 a.m. The lorrecvity of tire inale adult was 15.4 + 5.6 days while that of the female 
wa,.ts 12.4 + 4. I d., s. Within the rangc of 20 and 35" C. the dcvelopnciinal stages were shorter when 
the teniperature was higler. Unttrder lbira ort' c nrditions. 0. c'eltros'fatis inicstcd 15 cornrrrorn legunre 
crops. The insect corip)lCted all growth stgesl successfLully rr stS vb r1iri, ngben, snap beani. dzuki 
he;. cowpca, pipeon peat. liorscrari and alfalfa. On black crarml. rice bean id Iaba birei. the larvae 
1iiried into the stcr hit i'ilcd to i lpttC a onOidriroth bc1tn. chickpea. lentil and cluster bean, the insect 
oviptsited hut the eggs ~ited to hatch. 0. ' II ' itr sei'bean increatsed with increasing( lo.n 'tliis ovip(sition 
plitrit age between three and sc\'en days Altcr gct'iliation. It dcclined thereafter. 

Introduction 

()phiom.via c'l'rr.si'i:atis l)e ici.icre) (1)ipltra: AgromnyzidlC) was first found in Irindonesia feedirig
•oi (''ntrOsmAi pmn., s lienth. by Dc Mei.jere in 1940. Since then this species lid been reportedf 

to fced oin a wide \ iricty of econimically important leguies practically throtghout Asair aid East 
Af'rica. In soybeari, this species alIong wkith 0. platacw/i (T'livon ) nt Metag1nvtltr.a so/at (Zeiinier)l 
forrn ;i iriuportant agtr'lyzid pest corIplcx that causes consi'derable yield loss aId. 't times, outright 
plant rnortality in Soutthast Asia. especially iii areas closer to the Ctorli '. 

The insect larva Iceds oi the Cortex tissue just ttiCdernetth the stein epiderIris. cspecially during 
seedlin stage. 0. 'tt rostltlat i. in s(ivhcall iirarcly iccuirs Ititle aid its (] lll irge isns elleillics coil'tsed 
with theit of the rirore widCspread aild destructive 0. plia.coli. As at restrlt, its dtlrnligc is not quite 
aplrcciated with only scanty irlf'orrnntirionil its hiolocy arid ritUrc of dlarn1ce. 

The biology of this pest wats studied alt AVRI)( tnder laboratory condition . The CXpCr'irierits 
were especi:lly dCsi1tld to cet dtaltilld inf'oriatiol (t its Ovi ositior. temperature rtequirel0nits aind 
host range t enlehc tire lc\s CloprllCrit of' suitable control IiCIasirs. 

Materials and Methods 

Insect source. Pupac of 0. t't'ttIrosettli.s were collected from soybean plaints in the field. 
They were pliccd in ia petri dish lined with ritlist filler paper aid the adults that eiierged were trinisfcrrcd 
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into nylon net cages (30 x 30 x 30 cm) containing several potted soybean seedlings for feeding and 
oviposition. The soybean plants were initially grown in pots (10 cm diameter) in a greenhouse and 
transferred to cages just before the introduction of 0. centrosemnatis adults. The cages containing soybean 
plants and the insects were maintained in an incubator set at 28 + I C,75 + 5% relative humidity 
(RH) and 12:12 (L:D) photoperiod. The eggs, larvae, pupae and adults from this culture were utilized 
for biological studies. 

Oviposition. Two potted soybean seedlings were placed in a cage and one pair of 5-day old 
adults (one male and one female) was rele,.ed inside. The cage was placed in an incubator maintained 
at 28 + I'C. 75 + 5'7 RH and 12:12 (L:D) photoperiod. The host plant parts on which the adults 
alighted and laid eggs were recorded during frequent observations. After 24 hours each soybean plant 
was dissected to locate the eggs within the plant parts. This procedure was repeated several times 
to ascertain the oviposition sites. 

In another study. a pair of newly energed adults was confined in each of the 15 cages, each 
containing two potted soybean seedlings. The insects were maintained at 28°C in an incubator. The 
soybean plants were replaced with fresh ones everyday. The replaced plants were dissected to record 
the number of O.centrosematis eggs laid. The number of eggs laid daily per female was calculated. 

In a related study, the periodicity of oviposition was investigated in the laboratory in January 
1987 at room temperature of 180 to 20°C and in May 19S7 at 280 to 32°C. Twenty pairs of 5-day 
old insects were confined with potted soybean seedlings in a cage. Fresh seedlings were replaced cvery 
two hours throughout the day, and the number of eggs laid during a given two-hour interval was 
computed for the following four days. 

Larval stage. Inmediately after egg hatching, which was observed through a window made 
intentionally in the stem epidermis, the progress of larval development was monitored daily by tracing 
the movement and development of the larvae in the mines. The number of larval instars was judged 
by the presence of cxuviae in the individual feeding tunnel in the stem epidermis. At each larval instar, 
the length of the cephalopharyngeal apparatus and the larval body was measured. These measurements 
were subjected to a simple linear regression and correlation analysis to establish correlation between 
the two parameters. 

Pupation. Plants infested with 0. centrosematis were dissected and the location and number 
of pupae found per plant were recorded. 

Adult. Pupae collected from the infested plants were placed in a petri dish and the cmergence 
of adults was monitored by recording the number of adults that emerged for 17 consecutive days in 
January 1987 at room temperatures of 18 to 20'C and for 13 consecutive days in May 1987 at room 
temperatures of 280 to 32°C. 

Several pairs of 0. centrosematis adults were confined in net cages containing potted soybean 
seedlings. The mating was observed every two hours throughout the day for 14 consecutive days during 
May 1987 at room temperatures of 280 to 32C. 

An equal number of freshly emerged males and females were confined in net cages containing 
potted soybean plants. The cages were placed in an incubator at 28°C. The insects were observed 
daily until all of them died. The longcvity of male and female wa., recorded separately. 

Effect of temperature on the duration of various growth stages. Potted soybean 
seedlings were confined in a cage containing a large number of 0. centrosetnatis adults. After four 
hours of exposure for oviposition, the plants were removed and placed in separate cages. The cages were 

°
maintained in incubators at 20' ± 1, 250 ± I .300 + 10. or 350 ± I'C, which have 75 + 2% RH 
and 12:12 (L:D) photoperiod. The duration of egg stage, three larval instars and pupal stage were 
recorded.
 

http:rele,.ed
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Host plants. Seedlings of 16 legunmes, namely, soybean (Glycinema.t L. Merrill), mungbean
(Vigna radiataL. Wilczek), snap bean (Phaeousvulgaris L.), moth bean (Vigna aconitiftliaJacq. 
Marechal), adzuki bean (Vigna angularisWilld. Ohwi & Ohashi), black grain (Vigna mungo L. Hepper), 
rice bean (Vigna umbellata Thunb. Ohwi & Ohashi), cowpea (Vigna unquicuIata L. Walp., ssp.
unguiculatacv. gr. unguiculata), chickpra (Citer arietinun L.), pigeon pea (Cajanuscajan L. Millsp.),
lentil (Lens esculenta Moench), horsegram (Dolichosbiflorus L.), chickling vetch (Lath*vrus sativus 
L.), alflalfa (Medicagosativa L. ), cluster bean (CyatnopsispsoraloidesDC) and faba bean (Viciaftiba
L.) were grown inclay pots maintained in a greenhouse. Thirty seedlings of each crop were exposed 
to 5-day old adults of 0. centroseiatisfor two days. At suitable intervals, five seedlings of each 
host were dissected and the location ol*eggs, egg hatching, larval feeding, tupation and adult emergence 
was observed. 

In another experiment, I - to 12-day old soybean seedlings grown in pots and initially maintained 
in a greenhouse were transferred to a soybean field for 0. centrosematisoviposition. Twenty-four 
seedlings of each age group were dissccted open after two days of exposure and the number of 0. 
centroseniatis eggs laid was recorded. From the data on total number of eggs laid, the percentage 
oviposited in the seedlings of each age group was computed. 

Results and Discussion 

Oviposition. 0. centros'ntatis fernales hovered over the soybean plant and alighted on the 
foliage but descended to the stein and laid eggs in the stem below the cotyledon (hypocotyl). The 
adults did not make the characteristic feeding punctures in the foliage which is a common symptom
of O. phaseoli and M. sojae inl'estation in all host legumes. 0. centrosentatisobviously made these 
punctures in the hypocotyl where it laid eggs. The eggs were inserted just underneath the epidermis
(Fig. 2). Oviposition in the stem above the cotyledons was never found. 

Oviposition started on the third day after adult emergence from pupae and peaked on the seventh 
day (Fig. 3) before tapering ofl and eventually stopped on the 18th. During the oviposition period 
one !cmale. on the average, laid 63.2 + 13.7 (range 45-85) eggs (Table 7). The periodicity of oviposition
did not differ under laboratory conditions whether such phenomenon was studied in January at 18' 
to 20'C or in May at 280 to 32°C room temperature. Most of the eggs were laid between II a.m. 
and 5 p.m. with the peak oviposition occurring between I to 3 p.m. (Fig. 4). 

Larval stage. Lar ae iUed on the cortex just underneath the epidermis of'soybean stems (Fig.
5). There were three larval ins;ars. The first instar larva was practically transparent while the second 
and third instars wcre milky white. The larval color changed to opaque before pupation. The duration 
of the larval stage at 28°C was 10.9 + 1.9 days (range 9-1JI (Table 7). There was a liiear increase 
in the length of the cephalopharyngeal apparatus from the first through the third instar. The increase 
was by a factor of 2 from the first to the second and by a factor of 1.5 from the second through the 
third instar. A significant positive correlation (r = 0.976, P<0.05) was found between the length 
of the cephalopharyngeal apparatus and the larval body. 

Table 7. Life history characteristics of 0. centrosematis reared at 280C. 
Characteristic Mean t standard deviation (range) 

Longevity 
male 15.4 + 5.6 days (6-24)
female 12.4 + 4.1 days (6-21)
Pre-mating period 2.5 days (2-3)
Pre-oviposition period 3.5 days (3-4)
No. of eggs per female 63.2 + 13.7 (45-85) 
Oviposition period 12.2 + 3.8 days (3-18)
Larval period 10.9 + 1.9 days (9-14)
Pupal period 11.0 + 0.8 days (10-13) 
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4Fig. 2. 

0. centrosematisegg just underneath the 
epidermis in the hypocotyl of soybean 
seedling (12 X). 

20 

Total no. of eggs laid/female: 
M 15 65.8 ± 13.6
 
-T 
 at overage temperature of 280C 
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Doys after Emergence 
Fig. 3. Daily pattern of 0. centrosematis oviposition in soybean. 

Pupal stage. Pupalion took place in the cortex tisse (Lig.61 ItUItlnceal thle ep ide rIIis
 
it the root shoott itmlctitA. itially the was lplight y\ellow turning to golden yellow a.ind dark yellow
i 
ilst hlore adUlt 3lnIertene... IPUlpal period at 28 C. oll the averlge. ltcl 11'.) - 0.8 da\'s ra.' :ing
from .0 to 13 thv; \ltlhOt2h 0. (C('lrO.S('fl('mU laid ul) to 13 cggs/plant. there were. on the average.
only two plpaC per Ipatl (Fi. 7). The hieher the nilllher of egos per plat. tle lesser was the pupation
rate. The insects alpparently snflred considcralNhic lnrtality due to inl Cntscs lurinu egg and lar\al
 
,taees.
 

Adulc. Ia JaIIllIII' a o 2( 'C'0CI'011 ItellCIperatilr. tih peak ahdnl eIIIL'reL'clile \%:IS hCl\\ Cell 
II a.m. to I p.m.. \iercas in Nla ait 28" to 32 ( room telpcratlr. tile peak was hetlweell 7 and 
1)a.m. (Fig. 8). In ")8 ; case, ill .l llliar\ 1 Ji)(d0I)), C;ae.s ill M a . adull elllCln . \ as dnrill, ttle 
dIaylight hour1's. "lellpCNeratlurC seems to uinluene tile liltl' of adult elil|engel.I'ln41) plpac: ho\\'evcr. 
it is difficult to ascertain the 1n1oLC ill which the IcpCIItuIrC Inliglit inlllellce .hiS pIhenlomlenlonl Sine 
the length of pupIl period \aS dissimilar in two Inonths. It is possilC that ill ldditioll to (t\hiliut.
Certain ininilnum Iteleperature is llecessary to initiate tle )lOCCl'S of adult CIIll'gelIICe. Ill Cool .talltl\ 
such tcip..raturcs arc reached during noon hlOLIs, \where s Ill W111-1ll NI11 IIoc,.trs nlll' arlier. 

Mating tinle ranged fronm 5 a.m..(o 2 p.m. However. inost of fhe latings ccnrred hlwctwe 5 
.Lnd8 a.m. with the peak between 6 and 7 a.m. at room teilnlpcraltres ol 28" lo 32"' (Fig. 9. The 
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longevity of adults was 15.4 + 5.6 days ranging from 6 to 24 days tbr male and 12.4 + 4.1 days
ranging from 6 to 21 for female under laboratory condition (28 + I 'C) (Table 7). 

Effect of temperature on duration of various growth stages. Duration of egg, larval 
and pupal stages was influenced by the temperatures between 200 and 35°C (Table 8). The higher
the temperature, the shorter was the growth stage. The egg stage which ranged from 7.0 + I. I days 
at 20'C was reduced to 1.5 + 0.3 days at 35°C. Similarly, the duration of larval and pupal stages 
was reduced from 20.7 + 0.5 ind 27.8 + 2.4 to 7.9 ± 0.6 and 7.1 + 0.7 days, respectively, at 
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Table 8. Influence of rearing temperature on the duration of various life stages of 0. 
centrosematis on soybean seedlings.' 

Tempera- Duration (days) 
ture Eggs Larval stage Pupal 
(0C) stagey 1st 2nd 3rd lotaly stageyinstar instar instar 
20 7.0 + 1.1 9.0 5 6 20.7 ± 0.5 27.8 + 2.425 4.0 ± 0.3 5.0 3 4 12.5 + 0.8 12.7 ± 0.8
30 2.5 + 0.4 3.5 3 3 9.9 +0.7 8.4 1.0
35 1.5 ± 0.3 2.5 2 3 7.9 0.6 7.1 0.7 

ZPhotoperiod: 12 hours light, 12 hours dark. YMean + standard deviation. 

the above temperatures. Based on these results, in Taiwan's autumn season, when soybean istraditionally
grown and when temperature averages around 25°C, three to four gcnerations of 0. centrosemnatis 
can be expected in one growing season. It must be emphasized, however, that the infestation by this 
and other agromyzids cause yield loss only when the damage occurs during the first four weeks after
germination. Thus, only the first two generations will be of any consequence in soybean cultivation 
in Taiwan. 

Host plant interaction. Among the 16 common legumes offlred for infestation. 0.
cetntrosematis laid eggs in all but chickling vetch. Moth bean, chickpea, lentil and cluster bean were 
not conducive to egg hatching and to the emergence of the first larval instar (Table 9). Except for
moth bean, none of the remaining three legumes are known to be hosts of 0. centrosematisor other
stem-feeding agromyzids. The insect was able to teed, pupate and successfully emerge from the pupae
when it infested soybean, mungbean, snap bean, adzuki bean, cowpea, pigeon pea, horsegram and
alfalla. Except For the last crop, all are important food legumes in tropical to subtropical Asia where
this insect is most prevalent. Among the crops chosen only one cutivar of each was used. It is possible
that other cultivars of these crops could react differently in sustaining 0. centrose'natix damage.

Among the plant species that could be infested by 0. cntrosematis, soybean is the most widely
grown and economically more important in Southeast Asia. 0. cettrost'ttlfis oviposition in the hypocotyl
of soybean increased with plant age from two eggs/plant in a 3-day old plant to 23 eggs/plant in 
a 7-day old plant. The number declined thereafter to 10 eggs/plant in 8- to 12-day old plants. This 
implies that one must adopt control measures within a week after germination to control tis pest. 
Table 9. Infestation and development of 0. centrosematison seedlings of various legume
 

species.'
 

Plant species Oviposition Egg hatching and Pupation Adult emergencelarval feeding 
Soybean + + + +
Mungbean + + + +

Snap bean + + + +
 
Moth bean + 
Adzuki bean + + + +
Black gram + + _ _

Rice bean + + _ 
 _

Cowpea + + + +
 
Chickpea +
 
Pigeon pea + + + 
 + 
Lentil +
 
Horsegram + + 
 + +Alfalfa + + + + 
Cluster bean + 
Faba bean A- + _ 
 _
 

/+ indicates egg laying, egg hatching, successful pupation and adult emergence; - indicates absence of egg
laying, egg hatching, pupation and adult emergence. 
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Study of Sex Pheromone Activity in Beanfly 

Summary 

Laboratory experiments were coilducted to determine whether tie classic sex pheronone activity 
occurs illthe beanlly. Ophiom via phascali (rl'ryoi). Mating activity occurred maitnly between 24 and 
48 hours alter emergence. Repeated sex pheromone bioassay utilizing Y tube and one- to two-day 
old \Virginl femiales and unmated males indicated that tlie classical sex pherolione activity coinu¢nin 
ill occur or males of 0. phaseoli.insects belonging to Lepidoptera does not iii either females 

Introduction 

3canflv,. Ophionvia phasdi (Tryon) (l)iptera: Agromyzidae). is an i portalit pest of' several 
economiclly imlortailt legumes iiclUdilrg soy beal . tropical toun ugbeati. snap bean aid cowC. ill 
subtropical Asia. Africa aiid the Pacific. The insect lays eggs iii cotyledois (in soybean) or in floliage 
and larvae bore into the stems, especially in votLi, plaints. As a result, tile isinl'csted plant dies or 
severely weakened which causes yield reduction. Pupation takes place in the stei near the soil surlace. 

Although the sex pheromone activity is well documented iinthe lepidopterous insects, very little 
information exists oii the presence of sex pheromone ill Ill case of v'..anily. nodipterou:; insects. the 
publislh-d infimiation exists oii this aspect. Ii the experiments described here, tie existeiice of sex 
pheromnone ill this insect was studied. 

Materials and Methods 

Mating periodicity. A large number of freshly emerged beanlfly adults were obtained from 
AVRDC's niass-rearing program. The insects were placed illa iiylon net cage with one potted soybean 
plant arid it ct(ii plug soaked in sugar solution to serve as f0od to tile adults. The insects were observed 
continuously once every hour fOr 48 hours. The number of'iisect matings was recorded every, hour. 

Periodicity of adult emergence. Two hunred pupae were placed in a glass petri dish and 
tbe number of adults that emerged once every fou1r hours until all the pupae emerged into adults were 
recorded.
 

P'e-mating and mating periods. TWO hundred pairs (100 niales and 100 females) of newly 
emerged beanllv adults were confinCd illa cage (30 X 30 X 30 cii) uid observed oince every hour 
until matmng occurred. Subsequently. the mattiug occurrence was observed every hour in tie moriing 
between 5 to 8 a.m. and ii the aternuoon betweeii 2 to 5 p.i. The number of insects niating every 
hour w.as recorded. 

Sex pheromone bioassay. Twentv-one- to 24-day old virgin females and 20 unmated males 
of tlie same age were placed iii1.. '.'cpa rate arills f'a Y tube. The third ann was kept empty to 
serve as a check. Either male or feniale arm Y tube was then attached to a laboratory suctioiof tile 
Outlet to gently stick the air. Ii this manner the air passed from over either male or 'eiuale and empty 
arm to the opposite sex. Duriig tie process the arms rotated toinsects of* tile of the Y tube were 
comiperisatw for tile the attraction olftpossible efTect of light oin e itsect. This test was done at a tiiiie 
wheii, based on earlier results, tilemating ;tctivity was at its peak. Insect iloveinent was obser ed 
arid tlie illulber of, inisects attracted to tie opposite sex was recorded. 

Results and Discussion 

Mating periodicity. The separation of insects into niales atid fCmiales for tiis and other studies 
was done by observing tie abdominal tip of the insects. The presence of' a proiinert ovipositor at 
the abdolinal tip distiigtished the female froni tile a bluint and rounded tipinale which possesses 
(Fig. 10). 

The results of the niating periodicity of 0. phas oli are suniniarized ill wereFigure I I. There 
tm o peaks for niatirig activity. The first and more prominent peak occurred between 6and 7 a.m. and 
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Fig. 10. 	Morphological features of abdominal Fig. 11. Mating periodicity of beanflies.
 
tips of male and female 0. phaseoli.
 

the second less prominent hetween 2 and 3 p.m. Mating periodicity was obviouslN related to the 
photoperiod and possibly temperature. These results provide valuable information on the ideal time 
to cOLdUCt experimients on sex pheromone bioassay. 

Periodicity of adult emergence. The results of the observation on the periodicity of adult 
emergence are depicted in Figure 12. Almost all of' the insects emerged during daytime. There was 
no siniflicant differelnce ill the nellren+-'cc lime ot m1lC and(t female insects. In daytime. majotity of 
adults emerged between 8 a.n. and 12 noon. Based on lie results of the mating periodicity study,
the iean time of emergence is later than the nlean mating time. This ilplicd that 'Ie hCanllies mated 
in most Cases one dav afher emcrence. 

Pre-mating period. None of the adults mated the same day of' emergence. About 28.8 '4 
ntatings occurred the day after AI~ult clnCnecc (16 to 21) hours after emergence). Nost of the insects 
mated wvidin the fi is two davs.w iit peak occurring Ointhe seCOnId Ia Iig. 13 ). 'Tiese rcsuIts indicated 
that the pre-imating period in0. p iam,o/i is about 2) hours allLl tWO-dL' old femlelnl- is sexually tlture 
for mating. "'hesc results provide v:,uablc inlhrnmation in cioosinm! the virgin fel tale of aplropriate 
age for the sex pliromione bioassay. 

Sex pheromone bioassay. The results of the bioassay of1sex pheromone activity are 
sunitttariied in Tahle 10. Whet; the mle-containino arm was placed fiacing the ligh the males, no matter 

60 	 60 [ 

50 	 50 504 

40 o 	 - 40 

30 *230 26.5 
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Fig. 12. Perludicity of beainly adult emergence. Fig. 13. Mating pattern in beanflles at various 
days after emergence from pupae. 
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what age, hardly moved to the other two arns. This indicated that the light provided a stronger stimulus 
than the perception of sex pheromone, assuming such chenm;c. exists in beanlly. On the other hand, 
when both female and check arms were placed facing the Fght with the feimale-containing arm slightly 
facing the stronger light, most of the males moved toward:, the arms containing females. But when 
the check arms were placed nearer the light, more males moved towards the check arms. This indicated 
that sex pheromone may exist in beanflies but the stimulus of such a chemical is very weak. 

Since no information exists on the sex pheromone aspect of hearily, tile possibility of sex pheromone 
on the iuale was also studied. The male and female arms in the Y tube were interchanged and the 
whole experiment repeated. The results summarized in 'able II indicate that no marked number of 
l'cmale adults moved to the male adult-containing ann of' the Y tube. This indicated that the sex 
pheromone does not exist in male beanflies. 

Table 10. Bioassay of sex pheromone activity in beanfly females.' 

Number of male insects attracted to
 
Observation female arm check arm male arm
 

time facing light facing light facing light 
(min) female check female check female check 

arm arm arm arm arm arm 
10 1 0 1 9 0 0 
20 3 0 6 11 0 0 
30 5 1 4 13 0 0 
40 7 1 7 12 0 0 
50 7 2 6 12 0 0 
60 9 3 8 10 0 0 
70 14 4 6 11 0 0 

Total 46 11 38 76 0 0 
1One-day old females and males. Sinilar trend was observed when two-day old females and males, three-day old 
females and males, and four-day old females and males were used. 

Table 11. Bioassay for the presence of male sex pheromone in beanflies.z 

Observation No. of female adults attracted to 
time (min) male arm check arm 

10 6 6 
20 5 0 
30 4 4 
40 3 4 
50 3 4 
60 1 3 
70 2 4 

ZTwo-day old females and males. 

Insecticide Screening for Beanfly (mainly Melanagromyza 

sojae) Control in Soybean 

Summary 

Among nine organophosphorus, synthetic pyrethroid and insect growth regulators tested, 
cyromazine, an insect growth regulator, gave control of beanflies comparable to the standard 
organophosphorous chemical, omnethoate. 
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Introduction 

In tropical mid subtropical areas of Asia, Africa, Australia and Oceania, agromyzid flies (Ophimnyvi
 
phascoli [Tryon, 0. ctnttsetnatiS [De Meijere] and [Mehaagrn) 'za.o'oe[[Zehntnerl) cause serious
 
damage and yield loss in soybcan. The adults, depending upon the species involved, lay egg, in
 
lypocotyl or cotylteldos or unifoliiate and early tri foliate leiaves of soybean in seedling stage. and the 
larvae mine the stems. As a resilt oftheir infistation, the plants are either killed or tlie yield is redutced 
considerably in surviving plants. 

At present the use of insecticidcs is tilemost elfective and practical Method for controlling these
 
pests. DLue to the high soil pH] at AVRI)C, the use of systenric insecticides applied to soill at planting
 
and seed dressirig Iave liriited uitility in controliing these pests. Among insecticides used as oliar
 
sprtys, dir ethOater,Iltilllocrtoph us aid orilerlhi Vel in the past. Htvever, ilr recent
ite were very etiv 

years dirleioate has lost effecti verIess arid rno ntC rI tophos' efficacy is sIowlyN decrca si ng. Only
 
anlethaate ives eflective cortrl still. Since all three insecticides are related ar11id.
strUctrra1l y dirietlitoite
 

*ird Illonrt show signs that insects developed resistaice to then after
wrtltophos already illight hmve 

they havc been used f'or a perioed of ttie. it is possible tIat ira etlioa te will soon be renridere less
 
effective. It is,thereflore, neccssatry t.Ifind a substiturte insecticide. In recent years a new type of
 
cliermicals. coriiriiorily called insect gro\th regulators or IGRs. Ihave been devclopC Mrd CaresClctive
 
incontrolling pests wliilc spming rhe parasites. One insecticide screening wIs COnducted during 19-)86-87,
 
in which several IGRs were tested to Control bealflies, iaiily X/. .oi ' til strybea.tl. 

Materials and Methods 

A parcel of aind was rototilled and worked into lI-m wide raised beds. The beds were ftrthr 
dividcd into 3.3 n x 3 in plots. Seeds of cultiva'r KS 9 were sown in two parallel rows set 40 cm 
.ipart on each bed arid at a distance of 10 cm bet-weev hills, att the rate of fIour to five seeds per hill 
ineaich plot. Fertilizer a pplication, weeding. thinning. irrigation arid 0t0Ier neCeSSary cultural practices 
were followed. 

There were 10 treatrments inclIding a control. replicaited Iour tiles aid arraiged ii a rardOized 
corriplete block design. Predetermined quantities of insecticide I'oriiulatit1ns were diluted in watt. r 
,111d sprayed on eatch plut with a 10-liter air-pressure sprayer charged to 2.7 kg., cn2 (40 psi). A 
0.5-liter spray volurie (5(' of the designated quantity of tileactive ingredient) was applied per plot 
during the first I'our applicaitios aid I liter/plot (1.000 liters/ha) at the succeediing three tpplications. 
Each sprayer was individually calibrated with i stopwatch itnd specific volUrileS of sprly soilutio incould 
be accurately aid uniformly delivered ti each plot to ensutire that a specilied ar11nitr11 o atctive ingredient 
was applied. Sprayings were done it3,7, 10, 14. 21, 28 arid 35 days after emerence (DAF). 

Insecticide effecti\ eneCss was evaluaLcd at 21 arid 35 DAF.Thirty plants itrardolllii wc,Uuted 
from each phlt. Eachi pLaut was cut Open arid tie ririiher of llrvlae arnd pupae f'itrind x ilhitile sterils 
was recorded. Likewise, the [iuLrriber of planis with visible bearfly lariage, hit without larv'eC tir 
pupae, wais also recordCLed. 

Starting 35 days aifter eriergence, tileentire experimentiwas protectel against other pests by 
occasi n a sprays of"1fnialerate. At harvcst, seed yield Irom iilch plot was recorded. All data were 
analyzed iN ANOVA followed by Dtican's ruiitiple rainge test. 

Results and Discussion 

The resuilts t1 tie insecticidceScreening are sumniman1i rized inTable 12. 
Cyroiizine (N I-cyclopropyl- I ,3. 5-tri4,ii-2.4. 6-triyl-triamine), a new insect growth regulator, 

gave as giod control of M. sojae as tile sta daird clieck, ornetlitrte. This was tie first insect growth 
regulator that wias fotnd effective on dipterfuf: insects, in griermil, ind beariflies. in particular. At 
both ohurvaitior intervals, the ritniber of bemily Iar\ic iind pipae ftund inside thle treated soybeam 
plants was the ltwest miong all insecticides tested. This chieruical, however, is not effective aeainst 
leafrioller, Hedv'I'l indi-hlf,. whic c.lu1sed cn isiderahIc d lnligc to sOyivbelnr il mitrll11s 1986. Hence. 
despite excellent beallrlf control seed yield was low. Since this chemical is safer to Ipniasites, future 
research will concentrate oi this chemical 10 reduce the rtiriber of spriys required aid at the samie 
time get the best beanfly control. 

http:strybea.tl
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Table 12. Insecticide screening for agromyzid beanfly control on soybean. z 

No. of beantly Leafroller Yield 

Chemicals Rate (kg larvae + pupae Damaged plants damaged (kg/200a.i./ha) /30 plants (%plants (9) plants) 
86/10/31 86/11/14 86/10/31 ts6/11/14 

Cyromazine 10% SL 0.15 2.5 c 1.7 d 71.7 cd 39.2 d 21.1 a 1.42 b 
Fastac 3EC 0.03 21.2 b 20.5 ab 83.3 bc 85.8 a 6.3 a 1.67 ab 
WL 15110 5EC 0.05 21.0 bc 15.0 c 85.8 ab 90.0 a 3.7 a 1.60 ab 
Applaud 25WP 0.05 24.0 b 19.5 ab 93.3 ab 87.5 a 14.2 a 1.49 ab 
Karate 25EC 05 13.2 c 8.0 d 55.0 ef 45.8 cd 7.5 a 1.65 ab 
BAS 166801 50EC 0.05 30.2 a 22.0 a 98.3 a 93.3 a 3.1 a 1.56 ab 
BAS 178500 50EC -. 05 2.0 a 16.7 bc 91.6 ab 89.2 a 3.5 a 1.55 ab 
Monocrotophos 55EC 0.50 14.2 c 13.0 cd 63.3 de 67.5 b 12.6 a 1.81 a 
Omethoate 50EC 0.50 7.2 c 5.5 d 50.0 f 56.7 hc 15.8 a 1.71 ab 
Control 26.2 ab 21.0 a 90.0 ab 89.2 a 23.9 a 1.45 ah 

Cultivar AGS 66. Planted 3 October 1986 and harvested 13 Jarluary 1987 Insecticides applied 13. 16. 20. 24 and 30 October.
6 anid 13 Novemnber 1986 Data ire mlieanS Of Means in eacrl vertical Column ItoLr replicates tolhnwed by the sale letter are 
not signilfcantly different at 5% level according to Duncauis Ultiple range test Pilot size 10 m" (l,'.000 1a) 

Biology of a Stink Bug, Riptortus clavatus 

Summary 

The biology of a slink bug. Riptm't1s c/a vatus ThUnherg, was studied in tile laboratory utilizing 
soybean plants. Egg stage lasted front 4.2 days at 350C to 12.6 days at 20'C and egg mortally increased 
ron 5% at 20'C to 19.2 , at 35'C. Very high nymphal nortality was observed at 20C. There 

were five nymphal instars with the total nyntphal period lasting front 13.9 days at 35 C to 22.8 days 
at 25 C. ]here was a highly significant positive correlation between tile progression of nvinphal instars 
and the lengths of the body and antennae. Adults survived for 22.8 days. Eggs were laid singly. mn(ostly 
on he foliage. Oviposition lasted front 3 to 24 days after adult emergence. A total of 129 eggs were 
laid by a single feitale. 

Introduction 

Thc stink bug, Riptortus clavatts "rlhunbcrg (Heniiptcra: Corcidae), is a piolyphagous insect that 
feeds oi; developing seeds of soybean and several other species, particularly those belonging to family 
Leguninaceac. This pest is pantropical and especially serious in Southeast Asia on econotnlical ly 
important legulcs such as soybeai and mungbean. Since detailed published inforniation on this insect's 
biology and ecology is scanty, a rational nethod of controlling it has not yet been developed. The 
objective of this study, therefore, was to study the biology of this insect. 

Materials and Methods 

Insect rearing. R.clavitus adults were collected from soybean plants in the AVRDC catpus 
and placed itt a roltld acrylic cylinder containing one potted soybean plant and several excised Ry-R5 
stage soybean pods. The insects moved over the plant but fed on the pods and laid eggs on the Muslin 
cloth which was tiscd to cover the top oft"the cylinder. Eggs were collected once every 24 hours and 
used for var us studies. 

Temperature effect study. Egg stage: Every day for four consecutive days. i20 eggs 
were collected and 30 eggs each were placed in four petri dishes lined with nuoist filter pap,'r. Each 
petri dish was regarded as one replicate. The eggs were then placed in an incubator niain',ai ned at 
one of the four tetttperatures: 20'. 250, 300 or 35'C. The eggs were tbserved twice daily and their 
mortality and length of incubation recorded. 
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Nymphal stage: A large nunber of first instar nyniphs was collected and an approximately equal 
number (about 25) were placed in each of the four glass jars containing R4-R5 stage soybean pods, 
each jar representing one replicate. The jars were then placed in an incubator maintained at one of 
the four temperatures: 200 , 250, 300 or 35°C. The insects were observed twice daily to record their 
mortality, molting aid emergence of next instar nymph. As soon as the insect moltcd, they were 
transferred into a new jar contadaing fresh soybean pods. 

Body measurements. In a sepnrate rearing experiment done at roon temperature (24' +5'C), the lengths of body and antennae w,.,re measured during each nylmphal instar. Body length was 
recorded between the anterior end o' ihe head and posterior end of the abdomen. Antennal length 
was measured between the proximal end of the first segment to the distal end of the last antennal 
segment. These measurements were statistically analyzed by lincar regression to determine the 
correlation between tile two onrphological characters. 

Adult biology. Longevity: Freshly emerged R.c/a vatuS adults were placed in several rearing
jars containing one potted soybean plant and several excised soybean pods ;as described earlier. The 
insects wer'. observed daily'. The soybean pods were changed with freshly harvested ones whenever 
necessary. longevity of each sex was determined separately. 

Mating: One pair (one male and one female) of freshly emerged adulls was placed in each of !ie 
tour rearing jars conaining a potted soybean plant ard fresh soybean pods. The insects wcre observed 
every hour to determine tie length of pre-matirng period. 

Ini a separate study, iiating periodcicity of' R. lasatus was observed over a 24-hotur period th,roughout 
tile d:y'. To accomplish this, a large numler of aduhs was collected fron soybean fields in tile AVRDC 
catullU. Twenty p,.i's were trans lIcrred into each of tlie four rearing jars containing one potted soybean 
plant and fresh pods. [ach jar represented one replicate. The number of pasirs in copula vas recorded 
every hour throughout tile day. 

Oviposition. Pre-oviposition period: The insects used for the study of pre-mating period 
were held further and the period between the emergence of females from the fifth instar nymph and 
first egg laying was (eterinined by observing the egg laying several tines a day. 

Oviposition periodicity: Adults used for mating periodicity were maintained in the cages and 
the number of eggs laid w'as recorded once every two hours. 

Oviposition sites: In a separate study several mated pairs were confined in cages containing potted
soybean plants of Ri growth stag . The number of eggs laid on different plant parts such as leaves. 
inflorescences. sterns and pods w is rec,rded. 

Oviposition duration: hnimediatc'y after adult emergence, pairs of R. c/asIS adults were confined 
in rearing jars, one pair per jar. The rearing jars contained dry soybean seeds and a beaker containing 
water to maintain htnlidily. The ri unmber of eggs laid on the muslin cloth that covered each rearing 
,jar was recorded daily until oviposition cease(. 

Results and Discssion 

Egg stage. DUr:ti-Mi of egg stage decreased progressively fron 12.6 days at 20'C to 4.2 
days at 35 "C (Table 13). This observation agrees with the principle of an inverse but linear relationship
between temperature and time required to complete development. Egg mortality ranged from 5% it 
200C to 19.2 7 at 35°C (Table 14). Mortality increased proportionally with temperature fronm 20 to 
35°C. 

Nymphal stage. 'fil development of the nymphs. similar to the egg stage. was prolonged 
considerably at 20'C than at higher temperatures (Table 13). A very high inortality was observed 
in first and second inistar nymphs and by the end of third instar all insects at 200C died (Table 14). 
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Table 13. Duration of various growth stages of R. clavatus reared at different tem
peratures.
 

Duration (days)Tempe. 

Nymphal stages Totalrature nymphal
(C)Egg 135 

period 

20 12.6 + 2.0 5.5 ± 0.5 10.0 ± 1.6 10.1 ± 1.6 n.a.* n.a. 
25 5.5 ± 0.7 2.9 ± 0.3 4.3 ± 0.9 4.2 ± 0.7 5.1 ± 0.5 7.3 ± 0.6 22.8 ± 1.6 
.40 4.5 ± 0.7 2.3 ± 0.4 3.7 ± 0.9 3.9 ± 1.1 4.0 ± 0.6 5.3 ± 0.7 18.6 ± 2.0 
35 4.2 ± 0.2 1.6 ± 0.3 2.7 ± 0.3 3.0 ± 0.7 3.2 ± 1.2 3.9 ± 0.5 13.9 ± 1.3 

*n.a. = Not available. 

Table 14. Mortality of R. clavatus eggs and nymphs reared at various temperatures. 

Mortality (%)Tempe-
Nymphal stages 

1 2 3 4 5 cumulative 
rature Egg 


20 5.0 ± 8.7 24.1 ± 20.2 69.2 ± 26.6 1.0 ± 2.1 n.a.* n.a. 
25 9.2 ± 6.9 19.8 ± 18.1 4.2 ± 3.4 16.4 ± 14.7 1.1 ± 2.2 0 43.3 ± 6.4 
30 17.9 ± 12.6 15.0 ± 7.5 37.9 ± 17.3 10.5 ± 7.5 8.2 ± 5.5 0 72.4 ± 8.6 
35 19.2 ± 6.3 13.9 ± 5.6 25.2 + 10.6 19.5 ± 11.3 3.4 ± 2.2 1.1 ± 2.2 65.4 ± 19.0 

*n.a. = Not available. 

It is possible that a low temperature of 20°C is unsuitable for the development of this insect. Indeed 
in AVRDC's insect pest monitoring study, this insect was Found to infest soybean and mungbean only 
during summer. Theref-.re, only the nymphal stage development at 25', 300 and 35°C was studied. 
Within this temperature range, the duration of each nymphal instar and the total nymphal period 
decreased as the temperature increased. Cumulative insect mortality was considerable but it was not 
related to the temperature at which the insects were reared. 

Physical measurements. There was a highly significant positive correlation between the 
progression of nymiphal instars and the length of the insect's body (r = 0.974**) and the antennae 
(0.91 1**) (Fig. 14). Similarly, a highly positive correlation was found between body length and the 
anterinal length (r = 0.987**) (Fig. 15). These data are useful in identifying the nymphal instars in 
R. clavatus. 
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Adult biology. The longevity of male and female adults did not differ significantly; both
averaged around22.8 days (Table 15). This longevity was somewhat shorter than that observed during
the 1986 study. The pre-hwating period was 3.7 days and pre-oviposition was 5 days.

The peak oviposition was between 2 p.m. and 6 p.m. (Fig. 16). When laying eggs, females moved 
up and down the plant surfaces and attached all their eggs Fimlly to the plant surface. The eggs could
be found everywhere but were generally located in hidden places. Most eggs (67%) were located 
on the leaves originating from the fourth through the sixth nodes (starting from the apex) of the stem 
(Table 16). Between the two leaf surfaces, practically an equal number of eggs were located on the 
upper and lower surfaces; 44% on the upper and 39% on the lower. No eggs were found on the pods
despite the fact that the insect from second instar onwards fed on developing seeds within the pods.
Only 3% eggs were distributed on the stem and 14% were found on the inflorescences. All eggs were 
laid singly.

The oviposition pattern of R. clavattus is summarized in Figure 17. Starting three days after 
emergence from the fifth nymphal instar, the female started laying eggs. Oviposition occurred daily
and peaked on the 10th day after emergence from the fifth nymphal instar. Oviposition ceased when 
the females were 25 days old. 

The adults could mate at any time of the day but they were more active between 2 to 4 a.m. 
and 2 to 4 p.m. (Fig. 18). They could mate more than three times during their lifetime. Some couples 
were observed mating three times in one day. Each mating lasted about 30 min. 

Table 15. Observations on biology of adult R. clavatus. 

Item Duration (day,,) 
Female longevity 22.9 + 4.0 
Male longevity 22.8 ± 3.6 
Pre-mating period 3.7 ± 0.8 
Pre-oviposition period 5.0 ± 0.8 

Table 16. Distribution of R. clavatus eggs in soybean plant. 

Plantpart 1 2 
No. of eggs at leaf number (starting from apex)

3 4 5 6 7 8 Total % 

Leaf 
Upper surface 
Lower surface 
Inflorescence 
Stems 
Pods 
Total 

3 
5 
6 
0 
0 

14 

6 
6 
0 
0 
0 

12 

4 
3 
0 
1 
0 
8 

7 
11 

3 
2 
0 

23 

19 
13 
4 
1 
0 

37 

12 
11 
3 
0 
0 

26 

3 
0 
1 
0 
0 
4 

3 
1 
1 
0 
0 
5 

57 
50 
18 
4 
0 

129 

44 
39 
14 
3 
0 

% 10.8 9.3 6.2 17.8 28.7 20.2 3.1 3.9 

20O
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Screening of Soybean Germplasm for 

Limabean Pod Borer Resistance 

Summary 

In a preliminary screening of 1,000 soybean accessions, planted once each in September and 
October 1986, for resistance to linabean pod borer (Etiella zinckenella Trietsche), eight entries, namely 
G 3515, G 3543, G 3574, G 3638. G 3681, G 3755. AGS 99 and AGS 169, were relatively less 
damaged than the rest in both plantings. in a second screening of selected accessions which were 
least damaged in 1985. accessions G 3469 and G 3472 were the least damaged in Iour monthly plantings 
between July and October 1986. These accessions have distinctly smaller pod and seed size comparcd 
to tle susceptible check. Among the four defoliator-resistant plant introductions. PI 227687 and PI 
229358 were significantly less damaged than the susceptible check. The resistance of these accessions 
will be confirmed during the 1987-88 season. 

Introduction 

In tropical to subtropical Southeast Asia, liniabean pod borer. Etiella zim'kenella (Trietsche) 
(Lepidoptera: Pyralidae). causes serious damage to soybean pods. The insect lays eggs mainly on 
the developing pods and the larvae bore inside and feed on developing seeds; thus yield is directly 
reduced. In an earlier screening, seven accessions which had significantly less pod damage have been 
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identified. Detailed investigation of the mechanism of resistance ievealed that these accessions are 
late maturing, and by virtue of late pod set were escaping infestation by the pod borer which has 
distinct seasonality in Taiwan. In other places seasonality differs or the insect population is high
throughout the year, as in Indonesia. At such places, these accessions are susceptible. To select an 
accession which is resistant irrespective ot the seasonality, the screening procedure was modified four 
years ago. In the new screening procedure, the same set of soybean accessions was planted twice, 
once each in Sept,..mber and October for preliminary screening, and four times, once each in July,
August, September and October, for confirmatory second screening. This arrangement minimizes 
the possibility of an v .cession escaping pod borer damage due to asynchrony in pod setting and peaks 
in insect population. 

In 1986-87 1,000 accessions were screened in a preliminary and 35 in confirmatory screenings. 
In addition four PI accessions which have shown resistance to various defoliator insects were also 
screened. 

Materials and Methods 

Preliminary screening. A 0.8-ha parcel of land, located away from an area frequently using 
insecticide, was rototilled and after application of basal fertilizers, worked into 0.75-in wide raised 
beds. These beds were further divided into 5-in long plots. 

Seeds of each accession were sown as a single row on the top of each bed. The first set of 1,000 
accessions was planted in September 1986 and the second set of the same accessions in October 1986. 
The crop wits raised by customary cultural practices including irrigation, weeding, fertilizer application 
and disease control, but no insecticide wis applied. 

Beginning with the Ilowering of the earliest maturing accession and at about 10-day intervals 
thereafter, a large number of pupae of laboratory-reared limabean pod borer was released at regular 
distances thro ighout the field. At harvest time, which varied fOr different accessions, plots with plants 
less than 25, or a maxiniuin of 25 were harvested and their pods examined for limabean pod borer 
damage. The nunibcr of healthy aind pod borer damaged pods was recorded and the percentage of 
damaged pods was calculated. 

The percentage of damaged pod data was analyzed by a statistical procedure based on the imean 
of the percentage of damage aiod standard deviation (sd). This method enabled the classification of 
the germplasmn into various resistance categories: accessions considered as highly resistant (HR) had 
percent pod damage of less than mean - 2sd; those considered as moderately resistant (MR) had 
percent pod damage between mean - 2sd and mean - Isd; and those that showed low resistance 
(1,R) had percent pod damage between mean and mean - Isd. The susceptible (S) accessions had 
percent pod damage between mean and mean + 2sd and the highly susceptible (HS) accessions had 
greater than tnean + 2sd. 

Second screening. The overall crop growing, insect infestation and pod borer damage
observation procedures used in this screening were identical to the preliminary screening, except that 
in this screening 35 accessions were planted four times, once each in July. August, Septetnber and 
October. At each screening each accession was planted in three randomly selected plots. The percentage 
of pod damage data was analyzed by analysis of variance and means were separated by Duncan's 
mIuhiple range test. 

Defoliator-resistant accessions. In this test four defOliator-resistant plant introduction (Pl)
accessions, Pl 171444. PI 17145 1,P1227687 and P1 229358 were screened for resistance to limabean 
pod borer. Each accssion including one susceptible check were planted in three randomly selected 
5 in X ).75 in plot.. onhIu,cc in September 1986. The method of crop raising, insect infestation, 
damage observation and statistical analysis used were similar to the second screening. 

Results and Discussion 

Preliminary screening. The results of pod borer damage and resistance reaction of the 
germniplasn are summarized in Table 17. In both plantings the number of accessions falling into a 
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range of damage followed normal distribution. The mean damage was slightly higher in the September 
planting and maximum damage was 28.8%. In the October planting the range of damage was from 
0 to 40.6%. As in the past tests, some accessions that were least damaged in the first test were not 
necessarily least damaged in the second. One of the reasons for this is the difference in the days to 
flowering and maturity among various accessions and pod borer seasonality. As a result, certain late
maturing accessions in the first planting and early-maturing accessions in the second produced pods 
set at practically the same time when pod borer population was high, while the early maturing in 
the first and late maturing in the second, escaped insect infestation. Examples of such variation in 
pod borer damage of selected accessions are shown in Table 18. Despite this variation eight entries 
- G 3515, G 3543. G 3574, G 3638, G 3681, G 3755, AGS 99 and AGS 169 - were relatively 
less damaged in both plantings (Table 19). Their resistance reaction was not influenced by maturity 
date or pod borer population pressure. These accessions, therefore, seem to possess true resistance. 
This observation needs further proof as the present evaluation was based on a single replicate experiment. 
In the past it was also found that in general, small pods are less preferred by the limabean pod borer. 
This aspect was not studied in this preliminary screening. In 1987, therefore, various morphological 
characters of resistant and susceptible accessions from multireplicate tests planted three to four times 
at monthly intervals were studied to confirm the resistance. 

Table 17. Distribution of soybean germplasm, screened for pod borer resistance in various 
resistance categories in two screenings, AVRDC 1987. 

Resistance First screeningy Second screening y
 

category z Damage (%) No. Acc. Damage (%) No. Acc.
 
HR < 2.8 1(< 1%) < 0.6 2(< 1%)
 
MR 2.8- 7.2 162(17%) 0.7- 5.1 128(13%)
 
LR 7.3-11.7 343(36%) 5.1- 9.6 423(43%)

S 11.7-20.5 303(31%) 9.6-18.6 291(30%)

HS > 20.5 153(16%) > 18.6 140(14%)
 
Total 962(100%) 984(100%)
 

Damage
 
Range 2.3-28.8 0-40.6
 
Mean 11.7 9.6
 
Standard 4.4 4.5
 

ZHR = highly resistant. MR = moderately resistant, LR = low resistance, S = susceptible, HS = highly 
susceptible. YFirst screening planted on 16 September 1986, second screening in 15 October 1986. 

Table 18. Variability in pod borer damage of certain soybean accessions In two plantings. 

Accession First screeningz Second screening z
 

Damage Resistance Damage Resistance
no. (%) ratingY (%) ratingY 

G 237 2x HR 11 S
 
G 327 29 HS 3 MR
 
G 667 4 MR 21 HS
 
G 836 21 HS 4 MR
 
G 3720 4 MR 26 HS
 
G 3750 14 S 0 HR
 
G 3762 23 HS 0 HR
 
G 4089 21 HS 4 MR
 
Mean 12 10 

ZPlanting dates: first screening 16 September and second screening 15 October 1986. YHR = highly resistant, 
MR = moderately resistant, S = susceptible. HS = highly susceptible. XLowest damaged accession in the 
first screening. 
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Table 19. Resistance reaction of selected soybean accessions to the pod borer in two 
screenings, AVRDC, 1987. 

First screening z Second screeningz
 

Accession Damage Resistance Damage Resistance
 
no. (%) rating (%) rating
 

G 3515 5 MR 3 MR
 
G 3543 4 MR 4 MR
 
G 3574 4 MR 4 MR
 
G 3638 5 MR 3 MR
 
G 3681 5 MR 5 MR
 
G 3755 5 MR 4 MR
 
AGS 99 5 MR 3 MR
 
AGS 169 5 MR 3 MR
 
G 74 22 HS 18 S
 
G 298 25 HS 17 S
 
G 488 25 HS 24 HS
 
G 1269 26 HS 20 HS
 

ZFirst screening planted 16 September 1986; second screening planted 15 October 1986. MR = moderately 
resistant. HS = highly susceptible, S = susceptible. 

Second screening. The results of pod borer infestation of two least damaged accessions and 
one susceptible check in four screenings are summarized in Table 20. Acccssions G 3469 and G 3472 
were consistently much less damaged than the other potentially resistant entries. The susceptible check 
G 3266 was always the most damaged entry in each screening. 

The measurement of pod diameter showed a significant positive correlation between pod diameter 
and pod borer damage (Fig. 19). A similar pattern was observed in past tests. Intwo least damaged 
accessions. G 3469 and G 3472. the pod diameter was 3.04 and 3.52 mim, respectively, in September 
planting and 3.13 and 3.03 min. respectively, in October planting: whereas in susceptible G 3266 
the diameter was 6.15 and 5.06 mill in two plantings. The resistance of these two accessions could 
be due to small pod size. Nonetheles, these accessions were consistently less damaged and their other 
morphological characters, especially trichomes will be studied in 1987-88 to confirm whether more 
than just the pod size is involved in less damage by E.zinckenela. 

Defoliator-resistant accessions. The results of the pod borer infestation of selected 
defoliator-resistant PI accessions and the susceptible check are summarized in Table 21. P1 227687 
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and PI 229358 were significantly less damaged than the susceptible check TK 5. Two other Pis had 
similar damage as the susceptible check. All four PIs have shown varying levels of resistance to the 
defoliators. The resistance to defoliators is due to antibiosis. However, only two were resistant to 
E. zinckenella. Whether this is due to late maturity or small pods or possibly morphological characters 
such as trichomes, will be further investigated in 1988. 

Table 20. Pod borer Infestation of selected soybean accessions in four tests during 
1986-87. 

Accession Pod damage (%)z
 
I screen screen
II screen III IVscreen 

G 3469 3.0 c 6.9 c 6.0 b 18.6 b
G 3472 4.8 bc 7.9 bc 6.0 b 17.2 b 
G 3266 10.0 a 16.1 a 24.5 a 50.1 a 

ZPlanting dates: I screening, 16 July: IIscreening, 13 August: III screening, 16 September: and IVscreening, 15 
October 1986. 

Table 21. Infestation of selected defoliator-resistant 

soybean accessions by limabean pod borer. 

Accession Pod damage (%) 
PI 171444 10.7 abc 
PI 171451 15.2 ab 
Pt 227687 5.8 c 
P1 229358 7.4 bc 
TK 5 17.7 a 

Planted 20 September 1986. 

Study of Trichome Density on Soybean Pods 

Summary 

In a survey of the morphology of the pods of 1,667 soybean accessions, the trichome density 
on green pods (R.;-R 4) ranged from 101 to 663 trichomes per 4 m 2 pod surface. The pod size ranged
from the diameter of 1.93 to 8.28 am. There was no statistically significant correlation between the 
trichdome density and pod size. This data will be used for selecting soybean germplasm in screening 
for Etiella zinckenella resistance. 

Introduction 

Plant morphological characters such as hairiness on plant surface play an important role in 
oviposition of insect pest. Since oviposition is the first and the most important step in pest infestation,
the hairiness or trichome density has an important bearing on insect pest infestation. Available 
information indicates that plant parts with both glabrous as well as high trichome density are avoided 
by most insect pest species. The limabean pod borer, Etiela zinckenella (Trietsche)
(Lepidoptera: Pyralidac) lays eggs on young pods. It is possible that the trichomc density on the pods
will provide important information on the oviposition preference of E.zinckem'lla in soybean and, 
thus, help locate a reliable source of resistance to this pest. Past attempts to identify resistance sources 
were strongly influenced by differences in soybean maturity dates and pod size between resistant and 
susceptible accessions. Late-maturing and snall pod sized accessions tended to be less damaged than 
accessions with opposite chaacters. In this experiment, trichome density on the pods of 1,667 soybean
accessions was surveyed to select accessions with highest and lowest trichomc density and study the 
effect of these plant characters on E. zincAenella infestation. 
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Materials and Methods 

In this field experiment. 2,000 soybean accessions were planted in the field in a nonreplicated
planting. Each entry was planted as a single row in 4-i long and 0.75-in-wide beds. When plants 
were in R3-R4 growth stage, 20 pods fruin each entry were sampled and the density ol trichome on 
the pod surface was recorded by counting the number of trichomes in four 2 min x 2 mm areas, 
two spots on each of the two surfaces. In cases where pods had only one seed, the trichome density 
at only two spots, one on either surface, was recorded. 

At maturity when pods turned brown, 50 pods front each plot were sampled and the pod size 
was determined by measuring the diameter at widest point between two flat surfaces over each seed 
enclosed in the pod. 

Results 

Among the 2,000 soybean accessions, only 1,667 reached R3-R4 stage until the continuous heavy 
monsoon rains damaged the crop and the experiment was terminated. The trichome density ranged
from 101 to 663 trichomes per 4-nm pod surface (Table 22). The diameter of the pod size ranged
from 1.93 to 8.28 mn. There was no statistically significant correlation between trichome density
and pod size. Ten high and 10 low trichomc density accessions having similar pod size were selected 
for autumn 1987 planting: the plants had been subjected to E. zin'kenelhl infestation to study the possible
correlation between trichome density and pod borer infestation. 

Table 22. Survey of trichome density on the surface at R3 -R4 stage soybean pods. 
No. trichomes/4 mm2 No. of accessions Percentage 
Less than 134 15 1 
Between 135 to 214 326 20 
Between 215 to 292 410 25 
Between 293 to 450 720 43
More than 451 196 12 
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Advanced Soybean Rust Tolerance Trials 

Sumr ,ary 

Three advanced trials (ARTT-l, ARTT-II and ARTT-III) were conducted in both fall 1986 and 
spring 1987. A total of 42 lines were tested in the fall season and 36 in the spring season. Five entries 
(AGS 302, SRE-B-15C, SRE-C-56A., SRE-D-14A and SRE-D-14B) far surpassed the original selection 
criteria. They had superior performance with respect to yield and rust tolerance five to sixover 

environments and showed that high levels of rust tolerance and stable, high yield 
can be combined 
in advanced lines. The yield stability of SRE-D-14B is close to the ideal of 1.0 and yield, either with 
or without fungicide protection, was superior to all check cultivars. In ARTT-II the two best cultivars 
across both seasons. SRE-D- 14-0-Bkl-6e- I-3-Bk-2-2 and SRE-D- 14-0-Bkl-6c- 1-3-Bk- 1-2, had yields
similar to AGS 129, the highest-yielding check, when protected with fungicide and yielded 1.24 and 
1.09 t/ha more than the best-yielding check, AGS 181, when the plants were not protected by fungicide. 
Nine cultivars from ARTT-I1 were selected and will be further evaluated. 

Introduction 

A series of rust tolerance trials, preliminary (PRTT), intermediate (IRTT) and advanced (ARTT)
have been established to evaluate and select soybean lines with improved levels of rust tolerance and 
stable high yield. Selected lines from the IRTT are advanced to the ARTT, and the best lines from 
the ARTT will be available for testing in selected countries worldwide, where soybean rust is a serious 
problem. 

Materials and Methods 

There were three advanced trials conducted in both fall 1986 and spring 1987. In all these trials 
the same three check cultivars, G 38, AGS 129 and AGS 181, were used. The ARTT-I of both seasons 
evaluated five lines and three checks. All lines in this test were selected for their high mean yield 
across several trials. In addition AGS 302, SRE-B-15C and SRE-C-56A were also selected for high
relative yield without fungicide protection, and SRE-D-14A and .3RE-D-14B for high relative yield
in both the fungicide-protected and unprotected situations. 

ARTT-I (fall 1986) consisted of 20 lines previously selected for high yield potential and potential 
rust tolerance; 16 of these 20 lines were selected and included in the ARTT-I (spring 1987). ARTT-
III consisted of 17 high-yielding AGS lines in fal 1986; and in spring 1987 it consisted of 15 AGS 
lines selected from the fall crop and six additional high-yielding G- and GC-lines. 

The plot sizes were 4 x 5 in (3 x 4 m harvested area) for ARTT-I and 3 x 6 m (2 X 5 m harvested 
area) for ARTT-II and ARTT-111. The plant density was equivalent to 400,000 plants/ha. The split
plot design with four replications was used. The main plots had fungicide protection and no fungicide
protection treatments, and the subplots used cultivars. ARTT-I was planted 30 September 1986on 
and 24 February 1987. Unprotected plots of ARTT-I were inoculated with rust on 27 October 1986 
for the fall crop and on 30 and 31 March 1987 for the spring crop. ARTT-1I (fall 1986) was planted 

Y, .... id .
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on 2 October and plots without fungicide were inoculated on 30 and 31 October. ARTT-Il (spring 
1987) was planted on 25 February and inoculated on 26 and 31 March. ARTT-11I was planted on 
I October 1986 and 24 February 1987. The ARTI'T-lll plots without fuingicide were inoculated with 
rust on 28 October 1986 and 2, 14 and 23 April 1987. l'ungicide-protected plots were sprayed with 
Dithan M-45, starting about the date of*tile first inculation, and then sprayed at two-week intervals. 
AVIRDC cultural practices were lollowed. 

Data collected included grain yield, I(X)-seed weight and days to maturity. Yield datl was conIverted 
to 13% mnoisturc content before evaltation and yield loss was expressed as percentage' of fungicide
protected yield. The criteria fir cultivar selection alter one or two trials is a yield similar L o'r better 
than G 38 under fungicide-protected treatment, a yield similar to or better than AGS 181 in the 
unprotected condition, and a yield loss similar to or less than G 38. Culhivar selection alter multiple 
trials is based on a combineldVield stability analysis. 

A combined yield stability analysis \as conductcd on five cultivars (AGS302, SR.B-13-15C. SRE-

C-56A. SRE-)-I-4A and SRE-I)- I4B1. as well as three chec, 'ultivars (G 38, AGS 129 and AGS 
181) in ARTT-I. Regression analysis was Made byv us iiig the enV ironnental index as the inudepenrde nt 
variable and the yield of each cultivar its the dependent variable. Frivironnental indices Ifi r analysis 
were derived from the yield of cultivars included in each environment. The datla flrom each trial were 
evaluated as having two different environments, one with fungicide and the other without. A total 
of 20 environments were evaluated with each test cultivar contained in 10 to 12 environments and 
the check cultivars contained in all 20 environments. 

Results and Discussion 

ARTT-I, ARTT-I1 and ARTT-III. The yield of all five test cultivars in ARTT-I was equal to 
or significantly higher than the yield of the check cultivar, G 38, inl the fungicide-protected plots of' 
both fall and spring trials. The yield of these test cultivars without fungicide protection was equal 
to or significantly higher than the yield of the check cultivar, AGS 181, in both trials. Also the yield 
losses 0if these jive cultivars were less than the check cultivar. G 38. in both seasons ('able 1). 
Therelore, all of the live test cultivars have iet or exceeded tile selection criteria. A further evaluation 
of these cultivars across many environinttnits appears in the next section that discusses the yield stability 
analysis. 

Of the 20 test cultivars in the fall ARTI-I I. 19) yielded at least its well its the check cultivar, 
G 38, in the fungicide-protected plots, with I I cultivars yielding significantly higher. Il the plots 
without fungicide protection in tile same trial, 17 cultivars yielded similar or better than the check 

Table 1. 	Yield and percent yield loss of cultivars in the ARTT-I grown under fungicide
and nonfungicide-protected conditions during a soybean rust epidemic, AVRDC, 
fall 1986 and spring 1987. 

Fall 1986 	 Spring 1987 

Cultivars Yield (t/ha)' Yield (t/ha) %
 

Fy 
 NF) 	 yield loss F NF yield loss 

AGS 302 2.65+ 1.35 49 2.95 2.51 15 
SRE-B-15C 2.52 1.55+ 38 2.97 2.55+ 14 
SRE-C-56A 2.57-+ 1.53 40 3.06 2.72 + 11 
SRE-D-14A 2.71 + 1.34 51 3.95+ 2.97+ 25 
SRE-D-14B 2.73+ 1.36 50 2.96 2.60 + 12 
G 38w 2.36 1.02- 57 2.88 2.10 27
 
AGS 129" 2.60+ 1.14- 56 4.12+ 2.34 43
 
AGS 181w 2.13- 1.35 37 2.'14 2,21 20
 

LSD .05 0.17 	 0.31 

7PIot size was 4 x 5 in (3 x 4 in harvested area) and the plant density was 2quivalent at 400,000 
plant-hn. YFungicide-protected yield: - significantly (P< 0.05) greater than yield of the check cultivar, 
G 38; - = significantly less than G 38. Nonfungicideprotected yield- + = significantly %P<0.05)greater 
than the tolerant check cultivar, AGS 181; - = significantly less than AGS 181. WCheck cultivars. 
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cultivar, AGS 18 1,and the yield ol'the hest cunltiv'ar was 122 ' better than AGS 129 and signiflcantly 
higlher than AGS 129 with I'ungicide, protection. The yield losses of 18 cultivars were less than the 
check. G 38. and I0 culivars were similar to the tolerant check. AGS 181. 0)r thle 16 selected test 
cultivars in the spring ARTT-II. all vieMed as well as the check, G 38. and II yielded signilicantNly
higher in the luigicide-proIecLd situaton. In tle plots without 'fineicide in the same trial. 13 of the 
te'l culti\ars ,ig'tlificantl, ottvielded the check cultivar. A(GS I! . and the Vield of the best cultivar 
was nearly 50'r hiuler than AGS 129 (Table 2). 

The two Cultii1ar,, hol ,easons. SRID-I)-14-()-Ikl-6e-I-3-B3k-2-2 and SRE-D- 14bsCt atc,.roNs 

()-11l-O,-1-3-Bk-I-2. had a ,ield similar to AGS 129, tle higihest yieldinL, check, when protectL. 
 with 
fun2iCRI andI e~ded I .4 and I .09 ha more than the host 'ieldirre chleck Mhen the plants were 
1ot PrteteCL bv lutti'Mc ["Fable 2 ).Nine cultikars fmm ARTT-II s, CresIected aMd w\ill be funrthcr 
evaluattd il tire future. 

:otrur-ice oI tire 17 ..\(iS lite,, tested ill the fall i\RTT-Ill had yields Silrilar or si '-ilcanlvy higher
than thre Chck :ultixat (;38. in the fleicie-pro)teceld Colnditionl. 1lowver. ol six lines Vieled 
Similar or itilcalt.it trJier Ihan the check. MAIS 18 1. when the pllants wern no0t prittctCd bv fUhgicide.
In the sprimn. ARTT II. :- of tire tcst lines had similar or Significantl\ iieher yields than the check. 
G; 38. k\ ith luneiciC pruIe'tt,t,. ( )l these 18 luirs. I0hld vields similar or sienilicantlv higher than 
the check \(;S I . klherr tire plaint \\ecre Htt pruetIL hs fu1iicidCs (Table 3). Six AGS lines were 
sCle tel ard evatlk ill the future.will he further luatd 

Table 2. 	Yield and percent yield loss of cultivars in the ARTT-11 grown under fungicide
and nonfungicide-protected conditions during a soybean rust epidemic, AVRDC, 
fall 1986 and spring 1987. 

Fall 1986 	 Spring 1987 

Cultivars 	 Yield (t/ha)" 0 Yield (t/ha) 
F" NF' yield F NF yield 

loss 	 loss 
C-56-1-Bk-Bke-Bki-2e-2-3-BK-3-or 2.36 	 1.02 57 3.06 2.724 11 
C-56-1 -Bk-Bke-BKI- 1i-I-Bk-O-Bk 2.40+- 0.98 59 3.39 2.79+ 18
 
C-56-1-Bk-Bke-Bkli- 1-Bk.l-Bk 2.38-1 1.01 58 3.49 1 2.86+ 
 18 
C-561 -Bk-Bke.Bk)-h-I-lBk-4Bk 2.31 	 1.09 53 3.36 2.90+ 14 
C-56-1 Bk-Bke+Bk)-h- 1-1Bk-5-Bk 2.34 	 1.01 57 3.63+ 2.72+ 25 
C-56-!-Bk-Bke-Bkl li-1-I-Bk-2-1 2.37 0.96 60 3.70+ 2.95+ 20 
D-14-0-Bkl6e-1 .- ,k-1-1 2.86+ 1.08 62
 
D-14 O-Bk-6e-1 3-Bk-1 2 
 2.82+ 1.15+ 59 4.19+ 3.19+ 24
 
D-1--B kl-6e-l-3-Bk.2 1 2.81 4 1.17-1 58
 
D 14-0-Bkl-6e-l3 Bk-2-2 2.884 1.15+ 60 4.01 + 3.34+ 17
 
D-14-O-Bkl-6e-1.3-Bk-3 Bk 2.6641 1.18+ 56 3.68+ 3.01+ 18
D.14-O-Bkl-6e-1 3Bk4-Bk 2.79 129 54 3.46+ 2.91 
+ 16 
D-I4-0-BkI-6e-l-3.Bk 5-Bk 2.71 + 1.25+ 54 3.12 2.94+ 6
 
D-1 4-(-Bkl-6e-1-5-Bk- 2.Bk 2.63+ 1.07 60
 
8202 I-F4/1-Bk-Bk-Bk 
 2.r9 1.07 49 3.63+ 2.47 32
 
82021-F4t3-Bk-Bk-Bk 
 2.29 	 0.85 63 3.99+ 2.71 + 32 
82029-F5(1)-Bk-Bk 2.44.- 1.08 56 4.12+ 2.87+ 30
 
8203 i-F4/2-Bk-BkBk 2.21 0.46- 79
 
Ku-81-1-038 2.27 0.64 72 3.87 4- 1.93- 50
 
H-15 1.92- 0.79- 59 2.87 2.21 23

G 38" 2.23 0.64- 71 3.12 2.30 26
 
AGS 129" 2.43.- 0.65- 73 4.31 .- 2.25 48
 
AGS 181' 2.11 0.96 54 2.80- 2.29 18
 
KS 8"' 2.44 -. 0.68- 72 3.70 + 2.32 37
 

LSD .05 0.15 0.28 
/Plot size was 3 6 in (2 x 5 m hatvusted area). and the plant density was equivalent at 400.000 
plants/ha. 'Furgicide protected yield - significantly (P.,0.05) greater tin yield check cultivar. G 38:- significantly les's than G 38 .Noritingicide-protected yielu i - significantly (P.- 0.05) greater than 
the toleni t check cultivar. AGS 181 - significantly less thli,AGS 181, WCheck cultivars. 

http:4-(-Bkl-6e-1-5-Bk-2.Bk
http:D-I4-0-BkI-6e-l-3.Bk
http:itilcalt.it


152 	 AVRDC Progress Report 1987 

Table 3. Yield and percent yield loss of cultivars in the ARTT-II grown under fungicide
and nonfungicide-protected conditions during a soybean rust epidemic, AVRDC, 
fall 1986 and spring 1987. 

Fall 1986 	 Spring 1987 

Yield (t/ha) %Cultivars 	 Yield (t/ha)z % 
Fy NF) 	 yield F NF yield 

loss loss 
AGS 2 	 2.04- 1.08- 47 2.97 2.03- 32 
AGS 12 	 2.33 1.25- 46 2.27 1.97- 40 
AGS 29 	 2.33 1.10- 53 3.32 2.32 30 
AGS 58 	 2.58 1.12- 57 
AGS 66 	 2.51 1.62 35 3.05 2 30 25 
AGS 133 	 2.45 1.49 39 3.31 2.25 32 
AGS 147 	 2.70+ 1.58 41 3.30 2.09- 37 
AGS 154 	 2.33 1.08- 54 3.51 + 2.31 34 
AGS 160 	 2.48 1.13- 54 3.32 2.01- 39 
AGS 204 	 2.45 0.83- 66 
AGS 216 	 2.66+ 1.24- 53 4.07+ 2.32 43 
AGS 217 	 2.50 1.37 45 3.31 2.23 33 
AGS 226 	 2.19- 1.44 34 3.17 2.02- 36 
AGS 227 	 2.34 1.22- 48 3.12 2.30 26 
AGS 242 	 2.54 1.97+ 22 2.85 2.73+ 4 
AGS 299 	 2.50 1.16- 54 3.75+ 2.19 42 
AGS 304 	 2.02- 0.98- 53 2.77- 2.04- 26 
GC 60058-12-6-6-1-18 	 2.90 2.06- 29 
GC 60015-6-6-6-7-64 	 3.14 2.06- 35 
GC 60115-6-6-6-7-18 	 3.20 2.09- 35 
G9947-19-6 	 2.82- 2.51 11 
GC 60020-8-7-7-18 	 2.83- 2.30 19 
GC 60031-2-7-7-15 	 3.27 2.47 24 
G38w 	 2.42 1.32 45.66 3.13 2.27 27 
AGS 129w 	 2.69+ 1.69+ 37.09 3.66+ 2.17 41 
AGS 181w 	 2.18- 1.49 31.45 2.82- 2.43 14 
LSD .05 0.19 0.28 

ZPlot size was 3 x 6 m (2 x 5 m harvested area) and the plant density was equivalent to 400,000 
plants/ha. YFungicide-protected yield: + = significantly (P<O.05) greater than yield of the check cultivar,
G38: - = significantly less than G38. Nonfungicide-protected yield: + = significantly (P< 0.05) greater
than the tolerant check cultivar, AGS 181; - = significantly less than AGS 181. WCheck cultivars. 

Yield stability analysis of five test lines and three check cultivars. The results of 
the combined yield stability evaluation of' live tcest cultivars and three check culItivars -icross live to 
six rust tolerance trials from fall i984 to spring 1987 are shown in Table 4. The estimated mean yield 
of five test cullivars across 10 to 12 environments with or without fungicide protection ranged fronm 
2.17 to 2.35 t/ha and were all higher than the check cultivars (1.94 to 2.12 t/ha). The live test cultivars 
also had higher mean yields with fungicide protection than the check. G 38. and the yield of two 
lines, SRE-D-14A and SRE-D-1 4B, was higher than AGS 129. Without fungicide protection, all of 
the test cultivars outyielded AGS 181. the highest yielding check in this treatment. Also the yield 
losses of the test lines were below the check. G 38, and four lines had yields similar or below AGS 
181, the tolerant check. These live lines far surpassed the original selection criteria. They had superior 
performance with respect to yield and rust tolerance over live to six cnvironments and showed that 
rust tolerance and high yield can be combined in advanced lines (Ta-le 4). 

The yield stability of SRF-D-1 4B was close to the ideal of 1.0, similar to G 38, and its yield, 
either with and without fing" ide protection was superior to all check cultivars. The regression 
coefficients (slope) of two cultivars, SRE-B-15C and SRE-C-56A, were as low as AGS 181 and, 
therefore, had the best level of rust tolerance and yield stability. Their mean yield was higher than 
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that ofG 38 when protected with fungicide and higher than AGS 181 when the plants were not protected
with fungicide. The yield siability of AGS 302 was between G 38 and AGS 181; its yield was similar 
to AGS 129 with fungicide protection and higher than any check cultivar when the plants were notprotected by fungicide. SRE-D-14A had the highest mean yield, yield with fungicide protection andregression coefficient, the same as AGS 129, indicating a lower than the desired yield stability. 

Table 4. Yield stability analysis of five test and three check cultivars in soybean rust 
tolerance trials, fall 1984 to spring 1987. 

Regression parameters Mean yieldz (t/ha) YieldCultivars nY ax bw r2v F NF loss (%) 
AGS 302 10 2.17 0.87 0.94 2.68 1.86 31SRE-B- 15C 12 2.19 0.75 0.96 2.48 1.98 20
SRE-C-56A 12 2.24 0.78 0.97 2.58 1.99
SRE-D-14A 12 2.35 1.25 0.94 3.06 1.91 

23 
38SRE-D- 14B 12 2.26 0.97 0.92 2.83 1.91 32

G 38u 20 2.00 1.02 0.96 2.39 1.43 40AGS 129u 20 2.12 1.25 0.94 2.70 1.32
AGS 181u 20 1.94 0.78 0.93 2.22 1.51 

51 
32 

ZMean yield for each cultivar across several environments with either fungicide or nonfungicide protection, yieldloss as percentage of fungicide-protected yield. YNumber of environments in which the line wastested. Xlntercept of the regression equation which is the estimated mean yield of the cultivar across environments. WRegression coefficient, mean yield as dependent and environmental index as independent
variable. vSquare of the correlation coefficient. UCheck cultivars. 

Screening of Wild Soybeans for Soybean Rust Resistance 

Summary 

Soybean rust is one of the most serious diseases of soybean in Southeast Asia. No highly-resistant 
or highly-tolerant soybean cultivar to this disease has yet been identified. A total of 212 G'vcine
accessions was screened to identify sources of resistance. Fifty accessions were finally selected as
highly resistant based on at least three test evaluations. Because of their high levels of rust resistance,
these accessions will be excellent materials for interspecific hybridization. 

Introduction 

Soybean rust, caused by Phakopsora pachyrhizi, is a major constraint for growing soybeans in
the tropics and subtropics in the eastern hemisphere. Soybean and over 30 other genera of cultivated 
and wild legumes are affected by soybean rust. Unfortunately, no highly resistant or highly tolerant
soybean cultivar has been found in the past years. This study was designed to screen some wild perennial
Glvcine species for soybean rust resistance and to identify potential sources of genes for resistance 
that may be incorporated into soybeans in the future through interspecific crosses. 

Materials and Methods 

The fCll 1986 test was planted on II September 1986 and contained 100 new accessions of perennial
Glycine species from Dr. T. Hymowitz, University of Illinois, U.S.A., 34 of which were previously
rated as highly resistant in spring 1986, and three checks, AGS 181, AGS 129 and Taita Kaohsiung
No. 5 (TK5). The spring test was planted on 9 March 1987 and contained 58 accessions which were
rated as highly resistant in fall 1986, 12 accessions from Dr. J.J. Burdon, CSIRO, Australia and the 
samne three checks. Tile fall 1987 test, containing 67 highly resistant accessions from the previous
test plus the check cultivars, was planted on 27 August 1987 for resistance confirmation. 



154 AVRDC Progress Report 1987 

Five seedlings of each accession/cultivar were planted in each of four 15-cm diameter clay pots 
containing sterilized potting soil (soil:compost: rice hull:sand at a 5:3:1:1 ratio). Two weeks later, 
each pot was thinned to three plants. All pots were maintained outside the greenhouse in four replications 
and surrounded by susceptible soybean cultivai, TK 5. 

After the plants in each test reached the flowering and pod setting stages, they were artificially 
inoculated three times with a rust spore suspension. The disease resistance evaluation was made at 
least three weeks after the date of the last inoculation. The rating system was based on percentage 
of affected foliage as follows: highly resistant (HR) = no lesions or very few lesions; moderately 
resistant (MR) = less than 20% affected foliage; susceptible (S) = niore than 20% affected foliage. 

Results and Dizcussion 

Although three artificial ru.,t inoculations were made during the growth period, 59, 58 and 58 
accessions failed to develop lesions or developed only a few lesions and, therefore, were rated as 
highly resistant in the fall 1986. and spring and fall 1987 screening tests, respectively (Table 5). in 
contrast, all of the soybean check varieties in this test, including the rust tolerant variety, AGS 18 1, 
were rated as susceptible. All of 12 Glvcim' accessions from Dr. J.J. Burdon were also susceptible 
to soybean rust in these screenings. 

From 986 to 198-. those accessions that were rated as highly resistant in one season were 
reevaluaied in tile next season. Therefore. tile most resistant accessions Were evaluated in three or 
four screening tests. Fifty accessions were finally selected as highly resistant based on at least three 
test evaluations (Table 6). Because of their high levels of rust resistance, these accessions will be 
excellent materials for interspecilic soybean hybridization p.'ogranls. 

Effect of Storage and Seed Size on the Germination of Soybean Seeds 

Summary 

Soybean seeds from three different cultivars that varied in size from large (23.6 g/hundred seed 
weight or HDSW) to small seeds (12.4 g/HDSW) were utilized in this year-long storage experiment. 
The germinability of all three cultivars remained unilormly high and unchanged after a one-year storage 
period in the cold room in plastic jars scaled with screw-top lids. The large-seeded cultivar. P[ 459025. 
had distinctly better longevity and germinability than the other two cultivars. Therefore. the genetic 
potctial for seed longevity can be high in large-seeded cultivars. Apparently, seed longevity is strongly 
influenced by a complex interaction between genetic potential, storage temperattire and seed mnoisture. 
It appears that exposure to high humidity alone may not be sufficient to cause an increase in seed 
moisture content. It also appears that high temperature adversely affects the actual germination process 
and may confound future studies on seed longevity. 

Introducti-n 

Four important actors affect seed longevity. i.e. seed moisturc content, temperaturc. aitmosphere 
(oxygen) and geneti,: potential. However, it is well established that tile physiological state (degree 
of injury or deteriolation) which plays an iniportant role in longevity is seed response to storage. 
Most of the world's agriculture depends upon the simple principle that once seeds are Iharvcstcd and 
dried, their viability must be maintained for \,arying periods of time until the crop is planted again. 
The availability of soybean seeds with high germ inability in the tropics is low because soybean seeds 
are usually stored for eight to nine months until the next crop season. This experiment was conducted 
to study the. effect of sccd size, genetic potential and storage condition on the germination of soybean 
seeds 

Materials and Methods 

Soybean seeds from three different cultivars that varied in seed size, PI 459025 (large seed, 
23.6 g/HDSW), AGS 129 (intermediate size, 16 g/ HDSW) and AGS 66 (small seed. 12.4 g/HDSW) 
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"Table5. Disease rating and number of Glycine accessions tested for resistance to soy
bean rust, 1S96 to 1987. 

No. of entries 
Dis2a!.e r!:mngz Fall Spring Fall 

1986 
 1987 
 1987
 
Highly re,,istnt (HR) 59 58 58

Moderately resistant (MR) 25 
 2 6
Susceptible (S) 50 9 3 

Total 134 69 67
 
ZHR = no lesion or few lesions; MR 
 = less than 20% foliage infected; S = more than 20% foliage infected. 
Table 6. Soybean rust resistance ratings of Glycine accessions screened from 1986 to 

1987.
 

Reaction to rust Reaction to rust 
IL # Spring Fall Spring Fall IL # Spring Fall Spring Fall 

1986 1986 1987 1987 
 1986 1986 1987 1987
 
306A HR *HR HR HR 
 502 HR HR HR
312 HR HR HR HR 505 HR HR HR
324-1 HR HR HR HR 508 HR HR HR

324-2 HR HR HR HR 520 HR HR HR
325 HR HR HR RH 546 HR HR HR 
326 HR HR HR HR 577 HR HR HR
329-1 HR HR HR HR 579 HR HR HR
 
329-2 HR HR HR HR 
 580 HR HR HR

330 HR HR HR HR 
 581 HR HR HR
 
331 HR HR HR 
 HR 582 HR HR HR

342-2 HR HR HR 
 HR 583 HR HR HR
 
346-2 HR HR 
 HR HR 584 HR HR HR

348 HR HR HR 
 HR 585 HR HR HR

358 HR HR HR HR 
 586 HR HR HR
 
377PK-3 HR HR 
 HR HR 587 HR HR HR

381 HR HR 
 HR HR 588 HR HR HR

388 HR HR HR 
 HR 589 HR HR HR
 
418 HR 
 HR HR HR 609 HR HR HR

419 HR 
 HR HR HR 612 HR HR HR
 
422 
 HR HR HR HR 614 HR HR HR

424 HR HR 
 HR HR 616 HR HR HR

449 HR HR 
 HR HR 619 HR HR HR
 
472 
 HR HR HR 624 HR HR HR
 
479-; 
 HR HR HR 637 HR HR HR

479-2 HR HR HR AGS 181 (ck) S S S
484 HR HR HR TK 5 S S S 

were utilized in this study. The seeds were harvested from the ficid in December 1985. After normal 
drying and t..'eshing, the seeds of each cultivar were separated and placed in plastic jars scaled with 
screw-top lids (PJS) and in nylon net bags. The two types of container were then randomly assigned
to two different storage conditions, either in the cold room (4 + I°C) or in the headhouse (room 
temperature). 

The evaluation of germination and moisture conten, 'tarled two months after storage. Then, tests 
were continued at two-month intervals over a one-ye tr period. Four hundred seeds in each seed lot 
were randomly collected and their moisture content nieasured. The seeds of each lot at each sampling
time were then randomly divided into four replications mid planted in plastic flats with nonsterilized 
potting soil (soil:compost:sand:rice hull at a ratio of 5:3:1:1) For !he germination test. The flats were
placed inside the greenhouse and the soil was kept moist. The final evaluation of germination was 
made after most of the first trifbliolate leaves were fully developed. 
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Results 	and Discussion 

The germinability of the seeds of all three cultivars remained high and unchanged after one year 
storage in the cold room in the PJS container (Table 7). However, the germination of all three cultivars 
was unusually low for the I July and I September germination tests. The reduction in germination 
was consistent across treatments and cultivars, and did not seem to be related to storage container 
or storage environment (Tables 7 & 8). In previous tests, the decrease in germination from June to 
September had been observed and was attributed to adverse environmental conditions, principally 
rainfall, since the germination tests were conducted outdoors. However, these tests were conducted 
in the greenhouse. Therefore, it appears that high temperature adversely affects the germination process 
and may confound future studies on seed longevity. 

In all storage container and environment treatments, except the cold room storage in PJS container, 
the large-seeded cultivar, PI 459025, had distinctly better longevity and germinability than the other 
two cultivars. The longevity and germinability of AGS 66 across these same treatments were slightly 
better than AGS 129 (Tables 7 & 8). Therefore, the genetic potentiai for seed longevity can be high 
in large-seeded cultivars. 

Interestingly, the seed moisture content was similar fbr all three cultivars in any particular treatment 
and sampling time, yet the germinability varied considerably. Also, the treatment in which the cultivars 
had the shortest longevity, room temperature in net bags, was not the treatment where the seeds had 
the highest moisture content. The treatment where seeds had the highest moisture content - cold 
room storage in net bags - was, across cultivars, the treatment with the second highest longevity 
and germinability. These data indicate that temperature rather than seed moisture content was the 
more important factor influencing seed longevity. However, when the data from the two different 
storage container treatments in the cold room were examined, seed moisture became more important 
(Tables 7 & 8). Apparently, seed longevity was strongly influenced by a complex interaction between 
genetic potential, storage temperature and seed moisture. 

It appears that exposure to high humidity alone may not be sufficient to cause an increase in seed 
moisture content, e.g. the seed stored at room temperature in a net bag versus the seed stored in the 
cold room in a net bag (Table 8). High relative humidity occurred in both storage conditions. In the 

Table 7. 	Effect of seed size on the germination of soybean seeds stored in plastic jars 
sealed with a screw-top lld.z 

Treatment Variety y 	 Germination/moisture content (%) 
2/28/86 	 5/1 7/1 9/1 10/30 12/31 3/2/87 

Cold room 	 P1459025 92/11 92/11 79/11 66/11 95/11 98/11 95/11 
AGS 129 89/11 79/11 56/11 68/11 94/11 96/11 94/11 
AGS66 94/12 84/12 66/11 68/12 97/12 94/12 96/12 

Headhouse 	 P1459025 95/11 83/11 58/11 51/11 85/11 74/11 74/11 
AGS 129 93/11 61/11 42/11 24/11 42/11 2/11 7/11 
AGS66 94/11 83/11 49/11 37/11 54/11 7/12 13/12 

The seeds were harvested in December 1985. YPI 459025 has large seed; AGS 129 has intermediate size 
seed; AGS 66 has small seed. 

Table 8. 	Effect of seed size on the germination of soybean seeds stored in nylon net 
bags.z 

Treatment Variety y Germination/moisture content (%) 
2/28/86 5/1 7/1 9/1 10/30 12/31 3/2/87 

Cold room P1459025 93/12 86/18 65/18 49/21 84/22 83/22 72/21 
AGS 129 90/12 67/21 23/22 26/22 75/24 44/21 41/20 
AGS 66 96/13 84/18 51121 42/22 82/23 41/23 59/22 

Headhouse 	 P1 459025 97/12 84/13 24/12 8/12 29/13 0/12 0/11
 
AGS 129 95/12 55/13 2/12 0/12 0/13 0/12 0/12
 
AGS 66 95/12 74/13 5/12 2/13 0/13 0/12 0/12
 

ZThe seeds were harvested in December 1985. YPI 459025 has large seed; AGS 129 has intermediate size 
seed; AGS 66 has small seed. 
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case of the seed stored in the cold room in a net bag, the high seed moisture content is most probably
due to condensation on the seed surface allowing imbibition to occur. Condensation occurs when warm, 
moist air enters the cold room. 

Survey of Soybean, Mungbean and Peanut Viruses in Indonesia 

Summary 

In a survey of soybean. mungbean and peanut in East Java. the following viruses were found: 
AzMV, BCMV, BICMV. BYMV, PStV, CMV and an unknown potyvirus (isolate S-220). Peanut 
mottle virus, cowpea mosaic virus S,cowpea mos'tic virus Y. cowpea mottle virus, peanut stunt virus,
southern bean mosaic virus, black grain mottle virus and alfalfa mosaic virus were not detected. Bean 
yellow mosaic virus accounted for 85% of the soybean samples with various types of yellowing 
symptoms. This virus is considered responsible for the yellow mosaic epidemics on soybean, previously 
reported in this area. 

Introduction 

Not much information is available on the viruses which affect soybean and mungbean in certain 
Asian countries, such as the Philippines and Indonesia. In Taiwan. the viruses detected on soybean 
were soybean mosaic virus (SMV), peanut mottle virus (PMV), a soybean strain of peanut stripe virus 
(PStV) and another potyvirus not yet identified (isolate S-220). The viruses detected on inungbean
in Taiwan were cucumber mosaic virus (CMV), blackeyc cowpea mosaic virus (BICMV) and a 
mungbean strain of peanut stripe virus. PStV has so far only been reported on peanut in Asia and 
findings on this virus on soybean and mungbean in Taiwan were somewhat surprising. This survey
aimed to determine if PStV is also present on other hosts in other areas of Asia and second, determine 
which other viruses are present and their importance. 

Materials and Methods 

A total of 195 leaf samples of inungbean, soybean and peanut with typical virus symptoms were 
collected in 1986 by a cooperator in East Java, one of Indonesia's major legume-growing areas. The 
leaf samples were cut in small pieces. dried over calcium chloride and mailed to AVRDC. The samples 
were homogenized (1:30) in extraction buffer (PBS buffer, pH 7.4, containing 2% Polyvinylpyrolidon
K-25 and 0.05 %Tween 20) and tested by the standard DAS-ELISA test for the presence of 21 viruses. 
The antisera, their concentration of the imnmunoglobulines and enzyme conjugates, as well as their 
origin are shown in Table 9. 

Results and Discussion 

The results of the study are shown in Table 10. It was interesting to observe that all three crops 
were infected with PStV, with mningbean having the highest percentage of infection. Bean yellow 
mosaic virus seems to account for most of' the yellow symptoms (Table II),a serious incidence of' 
which had been reported previously in this and other legume-growing areas of east and central Java. 
In this survey. BYMV was identified in about 78% of all the samples with yellow mosaic, yellowing,
light green mosaic and/or chlorotic symptoms. It was, however, also present in samples with other 
symptoms, such islight green mosaic, green mottle, indicating that the production of typical yellow
symptoms probably depends on the genotype. A high percentage of plants of all three crops were 
also found infected with adzuki bean mosaic virus (AzMV), blackeye cowpea mosaic virus (BICMV)
and cucumber mosaic virus (CMV). The bean common mosaic virus (BCMV) was detected only in 
soybean and mungbean, but not inpeanut. 

Several samples of the three crops reacted positively wirh antiserum to the potyvirus isolate S-220, 
so far found only in Taiwan. Other viruses: alfalfa mosaic virus, peanut mottle virus, AMV, PMV, 
soybean stunt virus (SSV), soybean mosaic virus (SMV). CPMV-S, CPMV-X or cowpea mottle virus, 
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Table 9. Antisera used for the ELISA test for the survey In Indonesia.
 

Antisera 

Alfalfa mosaic 
Adzukibean mosaic 
Bean common mosaic 
Blackeye cowpea mosaic 
Bean yellow mosaic 
Peanut mottle 
Soybean stunt 
Soybean mosaic 
Peanut stripe 
Cowpea mosaic-S 
Cowpea mosaic-Y 
Cowpea mottle 
Peanut stunt 
Southern bean mosaic 
Black gram mottle 
Bean golden mosaic 
Isolate S-220 
CMV-P 

Source 

ATCC 
AVRDC 
AVRDC 
AVRDC 
Bos 
Demski & Kuhn 
Manada. Japan 
AVRDC 
KRISAT, AVRDC 
Illinois, USA 
Illinois, USA 
ATCC 
ATCC 
Illinois, USA 
USA 
Illinois, USA 
AVRDC 
Japan 

IgG & Conj. Conct. 

1:1000 1:1000 
1:2000 1:2000 
1:2000 1:2000 
1:1000 1:000 
1:1000 1:1000 
1:100 1:100 
1:250 1:250 
1:1000 1:1000 
1:1000 1:1000 
1:1000 1:1000 
1:1000 1:1000 
1:1000 1:1000 
1:1000 1:1000 
1:1000 1,1000 
1:1000 1:1000 
1:1000 1:1000 
1:1000 1:1000 
1:500 1:500 

Table 10. Virus survey of soybean, mungbean and peanut In East Java, Indonesia. 

Adzukibean mosaic virus 
Bean common mosaic virus 
Blackeye cowpea mosaic virus 
Bean yellow mosaic virus 
Soybean mosaic virus 
Peanut stripe virus 
Isolate S-220 (AVRDC) 
CMV-P 

ZTotal no. of samples collected. 

Soybean 

(103)' 

%% 

_--positive 

69 
23 

1 
83 

0 
6 
1 

69 

Mungbean Peanut
 
(25)z (67)' 

00 
positive positive 

76 24 
44 0 
48 18 
95 22 
0 0 

60 15 
36 3 
12 16 

Table 11. Occurrence of B'1MV in soybean, mungbean and peanut with different types 
of yellowing symptoms and light green mosaic. 

Symptom type 

Yellow mosaic 
Chlorosis 
Yellowing 
Light green mosaic 

Plants infected with BYMV/total no. of samples 
tested with particular symptom type 

Soybean Mungbean Peanut
 

25/30 0/1 1/2
10/12 6/6 0/1 
3/4 1/2 6/16 

20/22 5/9 1/2 

peanut stunt virus, southern bean mosaic, black grain mottle virus and bean golden mosaic virus were 
not detected and may. therefore. be absent or of no) great importance in the regions surveyed.

The survey indicated that resistance to PStV should become one ol AVRI)C's objective for virus 
resistance breeding in soybean. since surveys conducted in Taiwan and Indonesia indicated that PStV 
seems toOccur more frequently than SMV. Furthermore. for any virus resistance breeding program 
in Indonesia for soybean and mungbcan. incorporation of resistance to BYMV should be a priority. 
Rsistance to AzMV. CMV and PStV shouid also be considered. In previous screenings of AVRDC 
germplasm and breeding lines for resistance, soybean and nmungbean lines with resistance to the 
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soybean and mungbean strain of PStV have been identified. These lines should be tested again in 
Indonesia with the local PStV isolates to ascertain whether resistance is not strain-specific. 

Inheritance of Resistance to Peanut Stripe Virus 

Summary 

Inheritance ol resistance to a soybean iskolate of peanut stripe virus (PStV-strain PN) was studied 
inthree soybean varieties. AGS 129. Ankur and P1 230971. Genetic analysis was based on necrotic. 
Miosai c and syiptoniles,, reactions in inoculated Soybeans. A single incompletely dominant gene in 
AGS 129 was found to confer the resistance to PStV and was tentatively designated as Pst. The 
lioniozygous parent AGS 129. possessing the genotype Psi Pst \wits while Ankur andimmune, 
P1 23097 1.with a enotvpe of pst pst. werc susceptible. showing mtosaic syniptonis. The hictrozygous
genotype Psi p.t resulting from the cross of either Ankur or PI 23097 1with AGS 129 reacted with
 
necrosis, distinctty different froin the reactions of either of'the honiozygots genotypes. This genotypic

effect was confirnied through the phenotypic segregation in 13C. F2 and Fi.
 

Introduction 

An aphid-transinitted potyvirus was frequent ly detected insurveys of the major soybean-growing 
areas inTaiwan. The virus was hOund to be either identical to. or a soybean isolate of peanut stripe
virus (PStV). Yield loss due to earl\ infection of soybean by this virus Was f1und to be as high its 
89'i. The inheritance of resistance was studied itt AGS 129. a soybean line previously found to be 
imitune to this virus. 

Materials and Methods 

Three soybean lines, the resistant AGS 129 PI). and two susceptible lines. Ankur (P2) and
 
P1 230971 (P3). waere used as parents. Both susceptible parents reacted only with nosaic when inoculated
 
\%ith tIle
soybean isolate of PStV PSIV-PN).


The virus was propagated ott susceptible G c imMU Rampage. Inoculum was made f'roni freshly

harvested leaves,. Ioinioecni/ed at a ratio of 3 ml of 0. I NI potassiun phosphate buffcr pH 7.0 per

I ,of tissue. Unifoliate leaves were inoculated.
 

Syiptoin appearance v.as observed visually 5() tda
s afher inoculatim. At 16 days after inoculation,

he tw1o-side leaflets oflthe first trifliolate leaves were tested for tie presence of virus by ELISA
 

(Clark and Adams 1977)1 A second ElISA test \as perlrned 30 days after inoculation, using two
side leaflets of the second trifoliolate leaves of BCI FI and F,plants from tilecross of Ankur x AGS 
129. Symptoms were classi fied into three categories: s\ niptotiless. mosaic and necrotic (local lesion 
on the inoculated lea, es and /or sy steiiic necrosis ). Plants oft lie syniptoinless category always reacted 
negatively inELISA. compared with those of the intoSaic category which alway.. reacted positively.
Plants t the necrotic category gavc positive ELISA ,alues. 

Results and Discussion 

AGS 129 showed no virus syniptonis when inoculated with PSV-PN. Both Ankur and PI 230971 
developed iosaic sytiptoms and later vein banding til all trifiliolate leaves. All F, plants froii the 
crosses of Ankur ,xAGS 129 and P1 230971 x AGS 129 produced local lesions on the inoLtilate 
leaves and/or systeinic necrosis (Table 12). These results indicate thet the genotype of these three 
parental soybean varieties was honiozygous with respect to resistance or susceptibility to PStV-PN, 
and that the heterozygosity with respect to the reaction of F,plants to PSIV-PN is expressed neither 
as conplete resistance nor as susceptibilitv. 

'lark. M.F. and A.N. AdLLntiS. I)77. ('haracterltli" 11the ithicroptate Tlethod of en/itn e-inked inminumiMrl ent assay fbr 
the deteluitm 01 plant viruses. J.(ien. \'irotl. 34:475-483. 
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The reaction of the backcross to the resistant parent, AGS 129, was symptonless and necrotic, 
while the backcross to the susceptible parent, Ankur, segregated into necrosis and mosaic symptoms, 
with the exception of two plants that showed no symptoms. The symptomless plants might be due 
to the failure of infection rather than to the results of genetic interaction to the virus (Table 12). The 
results suggestcd that the genc inducing no symptom or necrosis originatcd from AGS 129. 

The segregation ratio in the F2 population from the crosses Ankur x AGS 129 and P! 230971 
x AGS 129 was approximately I symptomless: 2 necrosis: I mosaic (Table 12). This suggests single 
gene involvement and the presence of a dosage effect of the resistant allele, resulting in incomplete 
resistance expressed as necrotic symptom at a single dose of the resistant allele, compared to mosaic 
(susceptible) at zero dose, and symptomless (resistant) at the double dose. 

A number of plants in the F, and F, populations from the cross of Ankur X AGS 129 and PI 
230971 x AGS 129. which initially had only local lesion on the inoculated leaves, also developed 
systemic necrosis during the later stage (Table 13). Since all the F1 plants from the crosses of Ankur 
x AGS 129 and PI 230971 x AGS 129 should have identical genotypes with respect to resistance 
to PStV-PN, the presence of these two different symptom types had to be attributed to nongenotypic 
factors, such as temperature, plant age and/or inoculum dosage. 

Table 14 shows the F, segregation pattern of F2 groups with different symptoms. As expected 
from the hypothesis above, F3 plants derived from necrotic F, plants, segregated in the ratio of I 
symptomless: 2 necrosis: I mosaic, whether the seeds were from F2 plants showing systemic necrosis 
or only local lesions without systemic necrosis. Every F2 plant showing mosaic sniptoms again 
produced only mosaic but no other symptom types in the F; offspring of both crosses. Progenies ot 
symptomless F2 plants were also studied for their reaction to the soybean isolate of PStV. A snirl 
number of these F3 plants did show necrotic or mosaic symptoms, contrary to what had been expected 
probably due to escape in their parental F, generation. 

Table 12. 	Reaction of parents, F1, backcrrss and F2 populations to soybean Isolate of 
peanut stripe virus. 

No. of plants 
Population Total Symptom- Necrotic" Mosaic Expected X2 

tested less ratio Value P 

AGS 129 (P1) 71 71 0 0 - - -
Ankur (P2) 20 0 0 20 - - -
PI 230971 (P3) 36 0 0 36 - - 
(P2 x P1). F1 13 0 13(3) 0 - - 
(P3 x P1) Fl 17 0 17(12) 0 - - -
P1 x (P2 x 	 P1F1) BC 28 18 10(0) 0 1:1:0 2.286 .05-.10 
P2 x (P2 x 	 P1Fl) BC 32 2 15(10) 15 Oil 1 - 

(P2 x Pl) selfed F2 300 73 139(81) 88 1:2:1 3.113 .10-.25 
(P3 x P1) selfed F2 58 12 32(14) 14 1:2-1 0.758 .50-75 
(P2 x P3) selfed F2 160 0 0 160 - - 

1
Number of plants snowing local lesions on the inoculated leaves, figures in parentheses refer to the number of plants showing 

systemic necrosis 

Table 13. Development at different times of systemic necrosis in plants Initially with 
local lesions only. 

Plants with 

Cross Generation Plants w/ systemic necrosis 
local lesions' 16Y 34Y 50Y 

Ankur x AGS 129 Fi 13 8 23 23
 
Ankur x AGS 129 F2 80 35 46 56
 
P1 230971 x AGS 129 F1 17 53 71 71
 
P1 230971 x AGS 129 F2 32 34 38 44
 

Total 	 142 35 45 52 
'Observed 16 days after inoculation YDays after inoculation. 
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Table 14. Reaction to PStV-PN of F 3 plants originating from necrotic and mosaic F2
plants from the crosses of Ankur x AGS 129 and PI 230971 x AGS 129. 

X2Cross Symptom F3 Frequency Expected 

class in F2 Symptomless Necrosis Mosaic ratio value p 
Ankur x AGS 129 Necrosisy 

pooled 67 177(165) 80 1:2:1 3.857 .10-.25 
SN 24 61(57) 26 1:2:1 1.166 .50-75 
LL 43 116(108) 54 1:2:1 2.831 .10-.25 

Mosaic 0 0 36 0:0:1 

0 230971 x Necrosis
 
AGS 129
 

pooled 56 140(137) 77 1:2:1 3.412 .10-.25 
SN 16 50(47) 26 1:2:1 2.869 .10-.25 
LL 40 90190) 51 1:2:1 1.343 .50-.75 

Mosaic 0 0 51 0:0:1 - 
1Plants showing local lesions - the inoculated leaves. Nos. in parenthesis are plants showing systemic necrosis. YSN = 
systemic necrosis: LL = local lesion or %einnecrosis on the inoculated leaves only. 

Since this is the first report on inheritance of soybean to peanut stripe virus (soybean isolate),
the gene symbols Pst and pst, respectively, for resistant and susceptible checks, were tentatively assigned 
as the PStV resistance gene in G. init AGS 129. 
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Hybridization Program 

Summary 

A total of 108,639 seeds were produced from three open crosses and a series of hand crosses. 
The objectives were to obtain higher dry matter content, higher level of scab resistance and to backcross 
5x-hybrids (progenies Ipomoea haiatas x 4x I. tri/ida) with sweet potato. 

Objectives 

In the 1985-86 hybridization program, thr :e groups of opefn crosses and a series of hand crosses 
were conducted. For dessert type sweet potato with orange flesh, improvement of dry matter 
content/yield was emphasized. The prior objective fbr the staple type was to combine sweet potato
scab resistance and higher dry matter yield. To explore the possibility of utilizing wild species for 
the second straight year. the progenies (5x hybrids) obtained from the crosses between sweet potato
cultivars and 4x IIponoea tr/fida were backcrossed to sweet potato parents fbr the second straight year.

The results 	of the program are Summarized in Table I. 

Table 1. 	Objectives and number of seeds produced in the AVRDC sweet potato 
hybridization program, fall 1986 to spring 1987. 

Crossing No. of No. of seeds 
method Objectives cultivars/lines harvestedentered
 

Open cross
 
To improve dry matter conter.I 5 63,053
 
yield of orange-fleshed type
 

To combine scab resistance and 8 42,290 
high dry matter 

To backcross 5x-hybrids to 12 2,316 
sweet potato 

Hand cross
 
To backcross 5x-hybrids 8 980
 
(reciprocal cross) to sweet potato
 

Total: 108.639 

Seedling Screening and Observational Yield Trials 

Summary 

A total of 65,435 seeds were sown in the 1987 seedling screening, and from there 2.196 clones 
were selected and entered into observational yield trials (OYT). )ifferent selection criteria for OYT 

'17 T '
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selections, such as high dry matter of orange and staple types and utilization of wild relatives depending 
on the objectives of each population were applied. 

Introduction 

As a first step in identifying elite clones, a large number of entries are usually screened at the 
seedling stage and then entered into observational yield trials (OYT). In 1987 a total of 65,435 seeds 
were sown for seedling screening and, fron there 2,196 clones were selected and entered into OYT. 

Materials and Methods 

Seedling screening. The seeds were sov,,n on 10 to 13 and 19 March and screened on 29 
June to 17 July. Detailed information about the populations and selection criteria are shown in Table 2. 

Table 2. Selection status of seedling screening, AVRDC, 1987.' 

Group Seed source Objectives No. of No. of seeds No. of Selection Lelection criteriaseeds sown germinated (A)selections (B) rate (B/A) (%I 
Group 1 1986-87 To improve dry 46.369 38,257 1,200 3.1 Root formation 

Open cross matter of dessert (8 2 5)y Flesh color 
type SG": 1.04, 1.05 

Group 2 1986-87 To integrate scab 8,072 6,869 370 5.3 Root formation
 
Open cross resistance & high dry (85.1) Flesh color
 

matter of staple type SG: 1.05, 1.06
 

Group 3 1985-81i To improve dry 8,154 6,502 370 5.7 Root formation
 
Open coss matter yield of (79.7) Flesh color
 

staple type SG: 1.06
 
Subtotal: 62,595 51,628 1,940 3.8
 

(82.5) 

Group 4 	 1986-87 To backcross sweet 1,860 516 129 25.0 Root formation
 
Open cross potato to 5x hybrids (27.7)
 

Group 5 1986.87 To backcross sweet 980 346 127 36.7 Root formation
 
Hand cross potato to 5x hybrids (35.3)
 

Subtotal. 2,840 862 256 29.7
 
(30.4) 

Total number of selected clones: 2,196 
ZDate of planting = 10- 13 and 19 March2 1987: Date of selections = 29 June to 17 July 1987. lhe seeds were sown directly 
in the field with a spclng of 15 cm cm vGermination rate (%). Specific gravity. 

Observational yield trials (OYT). Selected clones from the 1987 seedling screening were 
planted on I to 16 July and screened on 28 October to 3 December. After screening, live cuttings 
of each selected plant were transplanted immediately into the field for OYT with a spacing of I in 
between rows and 25 cm between hills, without replication. The preselection in the field was based 
on the general root characters and specific gravity. The root samples of the selected clones were sent 
to the chemists for the analysis of' dry matter content for final selection. 

Results and Discussion 

The results of the seedling screenling and the OYT are summarized in Tables 2 and 3, respectively. 
A total of 221 entries were preselected in the field, and after getting the results of the analysis for 
dry ,natter content, 132 entries were finally selected. 

For progenies obtained from the backcross of 5x hybrid,, (Groups 4 & 5), only root formation 
was used a,; a criterion for selection at seedling stage; moreover, less drastic selection pressure was 
applied at OYT than usual. Details are reported in the other section of this report. 
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Table 3. Selection status of observational yield trials, AVRDC, 1987. 
Groups z 	 No. of Preselection Final selection
 

entries No. % 
 No. % 
Group 1 	 1,200 97 8.1 38 3.1
Group 2 370 31 8.4 18 4.9Group 3 370 29 7.8 12 3.2 

Subtotal: 1,940 157 8.1 68 3.5 

Group 4 129 -  23 17.8Group 5 127 -  41 32.3 
Subtotal: 256 64 25.0
 

Total no. of clones selected: 132
 
zObjectives and sources of the groups are shown in Table 1. 

Preliminary and Advanced Yield Trials 

Summary 

To select clones which adapt well to hu'mid tropical conditions, preliminary yield trials (PYT)
and advanced yield trials (AYT) were conducted in two different seasons (spring and summer) inthe hot-wet season in Taiwan. Out of 21 eitries in AYT, three breeding lines with high dry matteryield (CN 1510-25, CN 1489-89 and CN 1688-116) showed relatively good tolerance to the hot-wet 
conditions. 

Introduction 

From a large number of new genotypes which underwent rigorous screening at the early selection 
stages, oply the promising breeding lines, or less than 10% of the original seedling populations, were
evaluated in the preliminary yield trials (PYT). Subsequently, outstanding clones were entered intothe advanced yield trials (AYT) and evaluated based on their combined performance over a few years.
Tr distinguish the clones which adapt well to the humid tronics, the trials were conducted during 
s- ng and summer, hol-wet seasons in Taiwan. 

Materials and Methods 

A series of yield trials. PYT and AYT, were conducted in 1987 in two different seasons, spring
and summer. The spring trials were planted in late March to early April and harvested in late 'ulyto early August to coincide with the wet season at the late stage of tuberization. The summer trials 
were conducted from early June to early October to encounter wet conditi-ms at the initial stage of
tuberizatior,. The air temperature and rainfall during the trials are shown in Figure I.

All the trials were set up to oe harvested at 120 days after planting. However, the harvesting
of the spri'mg trials had to be postponed for 10 days because of heavy rainfall and the subsequent bad 
field conditions. 

Because of the large number of entries, the total was divided in 18 groups for PYT and two groups
for AYT. The commnon check cultivar for all groups was Tainung 66 (TIN 66). a stable high-yieldinglocal variety with good general acceptability. Besides TN 66, at least two other checks were also
included in each group, such as CN 1108-13. CN 1232-9, CN 1489-43 and AIS 0122-2. 

The experimental details of the trials are given in Table 4. 

Results and Discussion 

Preliminary yield trials (PYT). A total of 158 entries 	were evaluated in the 1987 PYT. 
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Table 4. Sweet potato yield trials conducted during 1986, AVRDC. 
7 

rrial Group No. of Spring 
z

- Summer Remarks 

DPynumber entries DH DP DH 

PYTw 1-8 64 Apr. 2 Aag. 10-12 Jun. 3 Oct. 1-2 
9-10 16 Apr. 8 Aug. 18 Jun. 10 Oct. 8 Experimental design:RCBD 

(2 reps) 
11-13 36 Apr. 8 Aug. 18 Jun. 9 Oct. 5 Unit plot: 2 rows, 5 in long 
14-17 32 Apr. 1 Aug. 13 Jun. 9 Oct. 12 Spacing: 100 cin x 25 cm 

18 11 Mar. 24 Jul. 29 Jun. 2 Oct. 1 
Total: 18 159 

AYTv 1 10 Mar. 24 Aug. 3 Jun. 16 Oct. 14 Experimental design: RCBD 
(4 reps) 

2 11 Mar. 24 Aug. 3 JLnl. 16 Oct. 14 Unit plot: 4 rows, 5 in long u 

Spacing: 100 ci x 25 cm 
Total: 2 21 

IThe Iarveslin of allspring trials was postponed for dhot t 10 (ays because of heavy aaif il and subseptuent bad field 
were 

taken only frorn the ni(dle two ro,. 
conditions Daite of planting. 'Date of harvesting INPreiinnary yieldtrial Advanccd yid traliI elddata 

The pcrformance of the high-yielding clones is shown in Tahle 5. The yield data were adjusted 
to remove the [cflct ftrial locations tf gron ps and then ctmbined over groups within each season. 

Yield of the summer trials were heavily depressed compared with the spring trials. Among the 
check cultivars, 'N 66 was the most dcpresecd showing on1ly 9,"( ' the spring season yield. CN 1108-13 

gave tl'c best yield during the summer scason. even though the yield was only 9.8 t/ha. which was 
26% of the spring season yield. 

Considering the dilTerencc in the perl'ornalces between spring and summer seasons, the high
yielding entries can be divided into two groups. The group had yields higher orfirst comparable 
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Table 5. 	 Adjusted yield and other characteristics of sweet potato selections from 
preliminary yield trials, AVRDC, 1987. 

Adjusted yield (t/ha)z 
_______------	 Dry mnatter y Fleshx

Clone no. 	 1987 1987
 
Spring Summer (P) color
 

CN 1831-55 75.6* 7.9 34.0 
 Y303
CN 1831-66 	 64.3* 6.1 34.9 Y3
CN 1831-42 	 52.6* 4.3 36.9 Y3
CN 1828-37 	 50.7* 8.0 35.4 Y7
CN 1831-14 	 47.8 6.4 35.7 Y3
CN 1831-33 47.8 2.3 36.0 Y1

CN 1821-39 41.8 12.0 29.2 Y3

CN 1821-8 41.2 26.0* 30.8 Y5
 
CN 1756-163 40.5 28.1" 26.9 
 Y1
CN 1791 268 	 40.2 6.6 35.3 Y7
CN 1732-4 	 39.2 7.0 36.1 Y3
CN 1836-163 39.0 11.4 29.7 Y3

CN 1821-130 38.7 22.0* 21.8 03Y1

CN 1836-188 38.5 11.2 32.4 Y1
 
CN 1790-42 38.4 7.7 29.9 03Y3

CN 1826-45 34.5 18.9* 33.0 03
 
CN 1831-57 33.7 16.7* 30.2 03Y7

CN 1822-101 29.0 16.6* 27.5 
 05
CN 1108-13 (ck) 36.5 9.8 24.1 03Y3
TN 66 (ck) 	 35.2 3.2 24.5 05
CN 1232-9 (ck) 	 32.1 3.2 25.2 Y1
CN 1489-43 (ck) 29.1 4.6 33.9 Y3
AIS 0122-2 (ck) 	 28.0 2.8 19.7 05
AIS 25-2 (ck) 16.1 3.6 25.1 05
 
TN New 31 (ck) 1.1 
 0.4 23.7 Y1 
Mean, of 165 entries 28.9 6.3
 
LSD (0.01) 12.2 6.6
 
CV (%) 16.5 40.8
 

/Value given isthe mean of the adjusted value (Y)where: Y = observed value x Imean of checks (TN 66)/meanof cneck (TN 66) at agiven group]. YValue given is the average of two seasons. XY = yellow, 0 = orange.Increasing color intensity isindicated by the number prefix (1 pale to 7 = very intense). 'Significantly highei
than the superior check cultivars. 

to the superior check in the spring season, but the summer group were low yielders with only 4% 
to 29.2 %of the spring season's yield. Cutivars CN 1831-55, CN 1831-66. CN 1831-42. CN 1828-37 
and the otlier seven entries listed in Table 5 were classified in the first group. 

The entries helonging to the second group were more tolerant to excess moistuLre conditions. Six 
entries in the trials. CN 1756-163. CN 1795-268. CN 1821-130, CN 1826-45, CN 1831-57 and CN 
1822-101, wcrc classified in the second group. The yield of the summer einlries ranged front 16.6 
to 28.1 t/ha. which was 49.6% -- 69.3,' of the spring's yield.

In the spring trials, all tile checks shoved good pe rflmance and the yield seemed not affected 
hy the wet condition at IhC late stage o1 tuberization. However. it was that ',evcral of the breeding
liles showed frequent field sprouting and contained rotlel roots. Field sprouting was observed less 
in the summer than in the spring trials. 

Spring and summer plantliIg seasons provide a good basis for analyzing the adaptability of sweet 
pMatO ciIes 10 tIme humid tmilms. In spring trials, swcet potato yield was equivalent to those under 
more flvorable condition,. Auh a tme fall piatiting season in Taiwan. Clones with field sprouting
and root rotting can hc elilmimaed in this trial. In sutmimer trials, the effect of excess moisture on 
storage root prilforma nce can be calualed. 



168 AVRDC Progress Report 1987 

Advanced yield trials (AYT). A total of 21 entries were entered into the AYT in 1987. Since 
there was no difference in the yield of TN 66, the connon check cultivar, over two groups, the yield 
data vwere combined and analyzed over groups within each season. 

As in the PYTs, the summer yield was heavily reduced compared with the spring yield. Among 
the check cultivars, TN 66 was also the most sensitive to wet conditions. 

The distribution of the yield and dry matter content of all entries and check cultivars of the AYT 
in spring is shown in Figure 2. All the entries exceeded the check cultivars in dry matter content. 
For dry matter yield among the checks, TN 66 showed the highest dry matter yield at 8.9 t/ha; 18 
of the entries showed higher or cimparable ,dry matter yield to TN 66. More specifically six cnties, 
CN 1510-25, CN 1656-97, CN 1489-89, CN 1656-101, CN 1661-62 and CN 1688-116 showed 
significantly higher dry matter yield at 10.7 to 12.4 I/Iha than TN 66. 

40 Drymatter yield= 8.9t/ho 0 

35 - TN 66 

CN 1232-9 0 0 

.30-CN 1489-43 i 

25-

AIS 0122-2 

20 * Check cultivar 
Fig. 2. 
Yield and dry matter 

0 Entries which dry matter yield is 
significantly higher than TN66( pO.0. 

0 
• 

content of 21 entries of 
the advanced yield 

15 
18 22 

I iI 
26 30 34 38 

trial In spring 1987 
AVRDC. 

at 

Dry Matter Content M%) 

The yield and other characteristics of the best selections from AYT are given in Table 6. In the 
spring, all the selections performed comparably to TN 66. In the sum mer, the yield of these selections 
decreased from 30.6% to 59.3% of the yield in the spring trials. CN 1656-97 and CN 1618-461 were 
considered more sensitive to the hot-wet conditions than the other six selections, which showed 
comparable yield to CN 1108-13, the superior check cultivar in the season. Therefore, CN 1510-25, 
CN 1489-89 and CN 1688-116 were considered as promising lines for humid tropical conditions. 
These entries will be evaluated further. 

Utilization of Related Species in Sweet Potato Breeding -


Preliminary Evaluatll)n of the First Backcross Generation
 
Between 5x Inte.-. ecific Hybrids and Sweet Potato
 

Summary 

Some 5x hybrids, obtained from crosses between sweet potato cultivars and 4x 1.trifida, showed 
weevil resistance or high dry matter content in the previous evaluations. To improve the yielding ability 
of the 5x hybrids, backcrosses were made and BCF progenies evaluated in OYT trials. There were 
clear differences in crossing direction between sweet potatoes and the 5x hybrids for capsule set, seed 
germination and root performance. 
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Table 6. Yield and other agronomic traits of selections from advanced yield trial, AVROC, 
1987. 

Marketable yield Dry matter Dry matter yield Root characters* (spring)z 
Clone (t/ha) content (%) (t/ha) Unif. Size Shape Skin Flesh 

87 sp 87 su 87 sp 87 su 87 sp 87 su color color 
CN 1510-25 38.3 16.4 (42.8)' 32.4 29.9 12.4, 4.9 F M-L IS R3 Y3 
CN 1656-97 37.3 11.4y (30.6) 30.2 30.7 11.3- 3.5 P M S Y3R3 Y1 
CN 1489-89 34.9 20.7 (59.3) 33.8 33.6 11.8' 7.0* F M-L LS Y3 Y3 
CN 1525-11 34.3 13.8 (40.2) 29.5 28.8 10.1 4.0 F M-L LS Y3 Y5 
CN 1656-101 33.3 13.1 (39.3) 32.2 30.2 10.7' 4.0 F M-L S Y3R3 Y1 
CN 1688-116 32.4 15.6(48,1) 34.7 33.1 11.2- 5.2 F M-L LS R5 Y1 
CN 1656-37 31.5 16.1 (51.1) 32.6 32.9 10.3 5.3 F M S R7 Y3 
CN 1618-461 31.0 11.1 Y (35.8) 29.8 29.0 9.2 3.2 F M LS Y5 Y3 

y
TN 66 35.6 4.6y (12.9) 25.1 25.4 8.9 1.2 G M-L LS R5 05 
CN 1108-13 32.9 17.2 (51.7) 26.6 24.7 8.8 4.3 F M-L M 03Y3 03Y3 
CN 1232-9 30.6 10.9' (35.6) 27.1 250 8.4 2.7' F M-L R-S Y3 Y3 
Mean of 26 28.0 10.7 8.7 3.3 

entries 
LSD (0.01) 5.2 4.8 1.7 1.5 
CV (%) 9.8 23.9 10.4 24.9 

Z(unif.) G = good. F = f~ii(Size) M = medium, L = large; (Shape) M = massive, R = rounds, S = spindle,
SS = short spindle, LS = long spindle; (Skin and flesh color) R = red, Y = yellow, 0 = orange, increasing color 
intensity indicated by number prefix (1 = light to 6 = very intense). YSignificantly lower than the superior
check cultivar. ^Summer/spring (%). *Significaitly higher than the superior check cultivar. 

Introduction 

Genetic introgression front wild relatives has been utilized as an effective breeding method to 
introduce specific characters in many crops. The use of wild relatives in sweet potato breeding has 
been tried also since the 1930s. However, much more information is needed to utilize wild relatives 
in practical breeding procedure!-, especially for the breeding value of 2x or 4x Ipomoet tirifida which 
are more common ,anature and with wider variation than 6x 1. trifida. 

Crosses between sweet potato cultivars and 4x I. trifida were made by Dr. Masaru Iwanaga of 
the International Potato Centre (CIP). The progenies, which were supposed to be 5x. were evaluated 
at AVRDC for agronomic traits, nutritional value and wccvil resistance in 1985-86. Although the 
5x hybrids showed potential for weevil resistance and high dry matter content, they were still not 
of immediate use as cultivars. 

The first backcross of the 5x hybrids was conducted using open cross and hand cross. The feasibility 
oftetansferring the desirable traits of the 5x hybrids to the backLrtiss progenies without reduction of 
intensity was monitored. The progenies from the first backcross (BCFI) were evaluated in the 
preliminary trial mainly for their root pertormance. 

Materials and Methods 

Open cross. Based on the weevil screening trial and the preliminary evaluation trial in 1985, 
six of the 5x hynrids (Table 7) with the following characteri!:tics were selected to enter the open cross 
nursery flor backcross: I ) none or low weevil infestation, 2) high dry matter, and 3) relatively good yield.

Toge'liher with the six 5x hybrids, two leading Taiwanese cultivars, ",N 66 and TN 57. and four 
AVRDC advanced i!oncs, CN 1108-13, CN 1345-8. CN 1-405-14 and AIS 0122-2, were set iijto the 
crossing field as shown inFigur- 3. A beehive was placed in the nursery Iopromote pollination. 
Seeds wer collcctcd only from the 5x hybrids. 

Hand cross. Reciprocal crosses were made between two sweet potatoes, CN 1345-8 and CN 
1405-14. and five clones of 5x hybrids (Table 7). The 5x hybrids were selected based on results of 
the weevil-screening trial, the preliminary evaluation trial in 1985 and the econdary evaluation 
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Table 7. 5x Interspecific hybrid clones used in the backcrosses.
 

Clones Pedigree 
(5x hybrids) (Female) I. batatas x (Male) 4x I. trifida 

Open cross 
WT 81 Kyukei 7210-34 CCP 9-17 
WT 129 
WT 298 
WT 532 

Kyukei 7210-34 
Kyukei 42 
Koganesengan 

CCP 9-2 
CCP 6-4 
CCP 9-2 

WT 629 Kyukei 7210-34 CCP 9-17 
WT 700 Kyushu 90 CCP 9-2 

Hand cross 

WT 81 
WT 260 

Kyukei 7210-34 
Kyukei 42 

CCP 9-17 
CCP 6-4 

WT 298 
WT 352 
WT 459 

Kyukei 7210-34 
Kyushu 90 
Kyukei 42 

CCP 6-4 
CCP 6-4 
CCP 6-4 

I 2 3 I 2 3 

//WT 81 // // WT 129/ 

4 5 6 4 5 6 

//WT 298 // // WT 629 / 

I 2 3 I 2 3 
Fig. 3. 

//WT 700 // // WT 532 / Field layout of the open-crossing nursery for 
backcross; 1 = TN 57, 2 = TN 66, 3 = CN 
1345-8, 4 = CN 1405-14, 5 = CN 1108-13, 

4 5 6 4 5 6 6 =AIS 0122-2. Seven plants were planted for 
each plot. 

trial in 1986 for none or low weevil infestation, high dry matter and relatively stable yield over the 
three trials. 

Seedling screening and observational yield trial. The seeds obtained from both the open 
cross and the hand cross were sown on 13 March and harvested on 6 July 1987. The plants which 
produced storage roots, regardless of size, were selected and five cu!tings from each were transplanted 
immediately into the OYT field and harvested on 2 November. Yield, number of roots and root flesh 
color were recorded. Based on general appearance, 66 clones wee selected. and root samples were 
sent to the chemist for analysis o( nutritional value. 

Results and Discussion 

All the 5x hybrid entries were self-polimnated and ,olleii germination on stigma was observed 
by using aniline blue stain method. The results showed that all of the 5x hybrid entries of the trial 
were self-incompatible. 
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A total of 2,316 seeds from tile open cross and 980 seeds ftom the hand uiosses were obtained. 
The results of the evaluation of the progenies obtained fron the open cross are summarized in 

Table 8. The general crossing abili c, o" the six 5x hybrids with sweet potatoes were quite different 
in each clone. No seed was obtained froii WT 700 and only 60 seeds from WT 81, whereas 1,819 
seeds were obtained from WT 532. In the seedling screening, progenies from WT 81 showed lower 
gemr ination rate than thos., from the other four clones, and none of them produced storage roots while 
abou t half of that of the progenies from the others produced storage roots. In the OYT, sone of*the 
c-ntri -s showed yi,'lds comparable to that of sweet potato cultivars, but generally, the number of roots 
and root weight of BCFi progenies were almost half of that of the check cultivars. No special 
influence was shown by the female parental lines. 

Table 8. 	 Germination rate and root performance of the progenies (BCF, progenies) 
obtained from the outcross. 

Clones Seeds Seedling screening Observational yield trials 
(Female parents) harvested Germina!,on Seedlings with No. of root/plot Root wt.(kg)/plot 

rate (%) tuberous root (%) Range Mean Range Mean 
WT 81 60 19.0 0 - - -
WT 129 176 37.5 43.2 0-28 12 0-2.2 0.8 
WT 298 126 26.3 52.6 t-23 11 0.1-2.1 1.0 
WT 532 1819 26.7 42.3 0-30 11 0-3.0 0.8 
WT 629 135 30.3 47.4 0-25 13 0-1.7 1.0 
WT 700 0 - - - - -

Mean of BCFj progeniesi 12 0.9 

Check cultivars: 
TN 66 15-28 21 1.2-2.2 1.7 
CN 1108-13 17-32 24 1.6-3.7 2.3 
CN 1232.9 11-24 18 1.1-3.0 2.4 
CN 1345.8 13-24 20 2.0-2.8 2.5 
CN 1489-43 12-21 18 10-1.9 1.4 

Mean of check cultivars: 20 2.1 

Diff'erence:s between crossing direction or parents were evaluated for crossing ability, seed 
germination anJ storage root performance for the progenies obtained from the hand crosses. No 
significant difherences were observed among the parents. However, clear differences by crossing 
direction between sweet potatoes and 5x hybrids were observed. For all the clracters shown in 
Figure 4. except the nmbler of roots, higher figures were obtained when the 5x hybrids were used 
as male parents. 

The frequency distribution of the yield in OYT by crossing direction is shown in Figure 5. In 
terni; ofyield, there was a higher possibility to obtain hetter-yielding progenies when 5x hybrids were 
used as iale pai.:nts. 

From the 256 OYT entries. 66 clones were selected and the root samples analy/ed by tile chemists 
(Table 9). For all the components analyzed. no special tendency was recognized in coniparison with 
the distribution of the variation of ordinary sweet potatoes. 

The evaluation reported here is preliminary. The selected BCF progenies will be e'aluated lfr 
weevil resistance, yielding ability in bigger scale and other agronomic traits in the next step. 

Preliminary Evaluation of Sweet Potato for R-,duced Sweetness 

Summary 

The sweetness (f sweet potato depends on the concentration of both nonreducing and reducing 
sugars. The development of nonsweet sweet potato is one possibility of promoting the utilization of' 
this crop in wider areas. A total of 70 advanced clones and germuplasni accessions were analyzed lor 
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Sweet Potato 	 5x hybrids 
I. botatas, 6% 	 (I. bofatos x 

4x I. frifida 

Capsule set (/)
S- 11.2 (921/3,220) * 

- 3.7 (415/11,258) - - 9 

Seed germination (%)
9 -- 60.0 (287/478) d 

1 12.2 (61/502) "" 9 

Seedlings performed storage roots (%)
9 - 45.2 (113/250) .----------d 

- 26.4 (14/61) -- -- -.. --- 9 
No. of roots/plot i OYT' 

9 .----- 12 (0-4o)- - - 13' (0-2 1) -- d 

Root weight (kg)/plot9 - 1-.5' (0-5.6 --.-----0.9 to-1i5 - - Q 

Fig. 4. Difference of the performance of BCF1 progenies by crossing
direction. *Crossing direction; ZMean of the entries; YRange; and"Observational yield trial. 

50 V=0.8 Open cross 

40 0- 5x hybrids x 1.botatas
 
9-*I. bntatas X 5x hybrids
 

30 - Mean
 

*' 20 -	 Mean of check cultivars 

10 

0 

- =14t30 Hand cross 

20 
to - Y=0.7 

0 	 0.5 1.0 I I Fig. 5.0.0- 0.5- 1.0- 1.5- 2.0- 2.5- 3.0 3.5 4.0- 4.5 5.- 60 Frequency distribution of yield among
0.4 	 0.9 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9 5.4 60 BCFi progenies by crossing direc-

Yield (kg/plot) tion. 

Table 9. Nutritional components of BCF 1 clones compared with check cultivars. 

Early Dry matter Protein Sugar Starch Fiber Carotene Amylase 
(%) ----------------------------....................... (mg/lO0 g) (unit*/ml)
% DW Bz 

BCF1 19.1-38.6 2.5-7.6 5.7-18.2 52.2-78.0 2.5-5.7 1.5-9.5 8.5-245.9 
n = 66 27.0 4.6 11.9 68.5 3.7 3.3 104.5 

TN 66 25.5 4.8 15.3 62.0 4.0 7.7 212.7
 
CN 1108-13 22.4 3.2 16.5 65.2 3.7 5.0 29.3
 
CN 1232-9 24.9 4.6 12.6 64.3 4.2 2.5 27.1
 
CN 1345-8 29.5 3.9 11.0 69.3 3.5 2.7 107.6
 
CN 1489-43 31.2 3.9 11.9 71.3 3.4 3.3 60.8 

*Unit = 1 mg Maltose/min. ZDWB = Dry weight basis. 
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nonreducing sugar content and the activity of 0-amylase which converts starch into reducing sugar 
during cooking. A total of 13 clones showed low [-amylase activity and also low sugar content and 
were identified as promising breeding materials. 

Introduction 

According to AVRDC's sweet potato survey in 1983, 76% of the respondents from the Asian 
and Pacific regions felt that sweet and moderately sweet sweet potatoes were preferable to the nonsweet 
type. Even in a country like Papua New Guinea, where sweet potato is an important staple food, the 
people prefer the sweet or moderately sweet type. 

However, despite its high energy productivity and relative tolerance to biotic or abiotic stresses, 
sweet potato is not well accepted as a substitute staple food by people who are used to having other 
crops, such as yam o,cassava, because of its sweetness. The development of nonsweet or less sweet 
potatoes has been considered to promote its utilization in a wider area. 

The sweetness of sweet potato depends on the concentration of both nonreducing and reducing 
sugars. Nonreducing sugar, such as sucrose, is not affccted by cooking; however, reducing sugar, 
such as maltose, increases during cooking because of the presence of' -amylase. To develop the 
nonsweet type. concentrations of both nonreducing and reducing sugars should be considered. 

Recently Martin and Rubert6 (1983)1 reported a sweet potato cultivar, "Ninety-nine" developed 
at the Tropical Agriculture Research Station in Puerto Rico in which the starch was not converted 
to maltose by cooking. Likewise in Japan, cultivar "'Satsuma Hikari" with low f3-amylase activity 
had been officially released in 1987 (Kakimura et al. 1987)2. Japanese scientists also reported that 
sweet potato with low 0-amylase activity is suitable not only for staple use but also as materials for 
the food processing industry, such a,,tor dried flakes, granule powder, fried chips and French fries. 

The development of these culti%,scaught the interest of some national breeding programs: thus, 
promising breeding materials for this purpose are required. The AVRDC sweet potato gernplasm 
were evaluated for less sweetness considering these requirements. 

Materials and Methods 

A total of 52 advanced lines and 41 germplasm accessions considered as good breeding materials 
for specific characteristics, i.e. high yield, scab and vineborer resistance and wide adaptability, were 
entered into the evaluational trials. 

Ten cuttings for each clone were planted on 28 April and harvested on 26 August 1987. A plot
consisted of a single 2.5-ni long row. Rows were spaced I in apart and plants within the row 25 cm 
apart, without replication. Three check cultivars, CN 1108-13, CN 1232-9 and Tainung 66, were 
planted every 25 entries. 

At harvest, yield and other agronomic characters were recorded and root samples were sent to 
the chemists for analysis. 

Results and Discussion 

Out of 96 entries, including the check cultivars, 26 had low yield and insufficient storage roots 
for sampling to obtain reliable chemical data for analysis. Therefore, only 70 entries were analyzed. 

The frequency distribution of 3-amylase activity and nonreducing sugar content of the entries 
are shown in Figure 6. The N-amylase activity of the entries varied from 1.4 to 455.7 unit/ain (Unit 
= img nmaltose) and range of the sugar content was 4.5 to 20.3 (% dry weight base). 

Martin, F.W.and R.M.Ruberc. 1983. Sugar% in staple type sweet potatoes as influenced by cooking technique. Prec. Amer. 
Soc. Hort. Sci. Trap. Reg. 27(8):136-138.
2Kukirnura. H., T.Yoshida and K. Koinaki. 1987. A new sweci potaio variety 'Saltstuahikari'. J. Agr. Sci. 42,30. (InJapanese.) 
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25 Range=1.4-455.7 Range =4.5-20.3 

Mean=98.9 Mean=10.I 
20 $=3.3SD=90.7 	 SI 

N=70 	 N =70 
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Fig. 6. 	Frequency distribution of 1-amylase activity and nonreducing sugar content 
among 70 sweet potatoes. 

Entries with 3-aiiiylasc activities I,ss than 10 unit/ in,and their sugar and dry natter contents, 
are listed in Table I(1. 01 these 14 entries. 12 are new introductions froni Japan. The clonies were 
Fi's from the cros between the cultivars with low 13-ainylase activity,' Kanto 92 and Satsunma Hikari. 
AVRI)C advanced clone. CN 1229-14. appeared as the second lowest and the Taiwanese local cultivar, 
Kinmen, also showed relatively low activity. It was also I'Ound that sugar contents of all the clones 
except Kinmen were quite low. 

Since Ninety-nine (I 1192) f'rom Puerto Rico did not perf'Orn well in this trial, the root sample 
1'ron the propagation field was analy/ed. The j3-anivlasc activity was 24.7 unit/ in. 

There was no significant correlation between 13-annylase activities ind sugar contents oifthe 70 
entries (Fig. 71. 'his suggests the possibility otdeveh ping sweet potato low inhothi:t-ainlase activity 
arid sugar conte nt. 

International Cooperation 

Summary 

The first batch of 2? improved AVRDC breeding materials had gone through the v.rus-indexing 
scheme and became available l'r international distributio,, in November, 1987. 

The perlbrmancc of' II AVRi)C advanced lines in China was reported. CN 1108-13 perlormed 
well in the preliminary yield trials at several locations and was selected to be further tested lbr adaplion 
to broader growing areas. 

International Distribution 

International exchange of wide-scale tested improved sweet potato breeding materials has always 
been restricted by strict quarantine regulations. Thus, a virus-indexing scheme was instituted by AVRDC 
virologists as a self-imposed requirement to ensure that only 'clean' stocks are provided to AVRDC's 
international cooperators. Twenty-two improved sweet potato breeding materials had been through 
the scheme as the I'rstbatch and became available for international distribution since November, 1987. 
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Table 10. Sugar and dry matter contents of low O-amylase clones. 

Name or No. /-amylase activity Sugar Dry Matter
 
of Entries (unit"/min.) (% DWB) (%)
 

71-4 	 1.4 7.9 34.9 
CN 	 1229-14 2.1 8.6 32.7
 

71-1 2.3 6.8 36.5
 
71-5 3.1 7.1 39.6
 
71-10 3.5 9.3 32.4
 
71-2 4.1 5.8 39.1
 
71-3 4.5 8.1 34.0
 
71-6 5.4 7.3 35.6
 
71-7 9.9 15.4 23.4
 

lUnit II mg maltose. 
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Relationship between J3-amnylase0 6 8 10 12 14 16 18 20 22 activity and sugar content of 70 
Sugar Content ( DWB %) sweet potatoes. 

Feedback from International Cooperators 

Except I'Or the result front Chimn, other feedback front tihe internationlal cooperators onl advanced 
lines distributed was recoiled. 

Th'le il'riancc tofAVRI)C advl\anced lines iln China w\as provided by I)r. Kenneth T1.MacKay 
(it' the Inter'national IDevelopmecnt Research Centre (IIRC). 

Elcvcn advanced sWCet p)otato lines €)I AVRI)(" wecre includedCL in yicld trials conducted ill 1985. 
The participating institutions, yore: the C'hinese Sweet Ptato Research lahtrwtory iln Xuzhou., the 
Sweet Ptlato ILahtmrattr, ofl thc Ji,:ngstj AcatlCIl oflAvricullural Science in Nanjing, the (rol) Research 
InSlIQulc 01'the SiChtlhin Academy ofl Agricultural Science inl (Clien du. and [lie 1,1hlad Crop Research 
Institute of' [lie Guanlgdongl Acatlcil of' .,griC1.ltur;.-a ",CicnICC ill (4tl1ng1,hOu. 

Frotm [lie data provided. onuly tlfic result 1'1')Il file Chinesset i')oato> research laborato~ry ill 

Xuztlij is included Iin this rep~ort (Table 11). Ili total, leaves,of'CN 11(08-13, CN 1232-9, CN 1367-2 
and 1423 011lt iclt!Cd the h)C.'t ('hie,. K-\arielN. Nushtn 18. which %Nasit newly released award-winning 
Chinese national sweect potal(, %,ti 10%l.(CN 1108- 13 and AIS 0122-2 produ~ced mlolre roots than Xtlhu 
18. 	 CN 110)8-13 also OtntNIC(Ilc X11Shu 18 inl totlal chip) lro)ductiOnl. 
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Based on the results of these preliminary trials, CN 1108-13 was ,, !ected to be further tested tr 
adaption to other growing areas in China. 

Table 11. The performance of AVRDC sweet potato lines In Xuzhou, China, 1985.z 

Entries 

AIS 35-2 

AIS 0122-2 

CN 941-32 

CN 1038-16 

CN 1108-13 

CN 1219-1 

CN 1232-9 

CN 1280-3 

CN 1367-2 

I 423 

1981 


Beuing 284 (cK 1) 
Xust j 18 (cK 2) 

IThe data was provided by Dr. K.T 

Leaves(t/ha) Roots(t/ha) Chips(t/ha) 

19.39 26.73 6.58 
25.50 30.52 4.46 
21.63 21.73 5.02 
17.00 26.78 7.47 
30.74 38.80 8.96 
20.83 19.70 5.10 
38.89 24.33 5.38 
21.91 25.71 6.17 
29.48 - _ 
38.76 21.17 4.50 
22.50 23.67 5.68 

18.67 27.81 6.34 
26.07 30.28 8.30 

MacKay. International Development Research Centre. 
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Search for Sweetpotato Weevil-Resistant Germplasm Sources 

Summary 

Three sets of tiuals were conducted to screen sweet potato gerniplasm for resistance to sweetpotato 
weevil, ('lasfi'ormi 'trius.Certain accessions show,ed significantly less infestation than tile standard 
susceptible checks. Since wide variation ill weevil infestation ofany particular sweet potato accession 
for each season anJI each location is conunmon, tile least damaged accessions will be scre-'ned next 
year to c n Iirmn tle. resistance. 

Introduction 

Sweetpotato weevil. (C'hl.i (Colcolterai:Curcul ionidCe). is tile most/Ir'ic triuls.lrmitarI."F. 
destructive pest of sweet potato in tile tropics and subtropics. The larvae and adults feed on sweet 
potato roots and crowns. Weevil feeding either on the roots or crowns does not reduce yiel, but 
even slight pest damage impairs the quality of' tile infested roots, making them unfit for hulman 
consumption. To ctrol this pest inexpensively and effectively, sweet potato germplanI have been 
screened since 1975 to find an accession resistant to this pest. In I986-87 three such screnings were 
conducted. 

Materials and Methods 

The land used fOr tile screening was rototilled and wotirked into I -in wide beds after tile application 
of' basal fertilizers. Fight weeks prior to tile planting of test naterials. every third row was planted 
to a weevil-suscept hlcti;;,,ar. 1 57. A week before planting tile test materials, laboratory-r,:red 
,'e evil adults wkere released uniforni over tile planted rows. These weevil-infested rows later serv,:d 
as source of weevil for in festation of. test ilaterialIs. Sweet potato accessions t be screened ,,,crc plar ted 
between wVeeil-sO ur rc iWs in I in x 5 ii plots. The crop was raised using Cstllla r, cultural practices. 
except that noi inse:ticide was applied. At harvest the roots were evaluated [Ir weevil in festaticm by 
cutting open each root and counting the nunber of larvae. ppae and adults firnd inside. The insect 
count (larvae 4 pupa + adults) data were converted to tile number of total insects per kilogram cf 
roots -nd subjectCd to statistical procedure specific toi each screening. 

Preliminary screening. In this screning. 31 accessions which were never screened before 
were included. F.ach accession was planted in a single ncireplicated plot. The insect count data were 
statistically analyz.ed based on the niean and standard deviation (sd)ci tie population included ill tile 
test. The accessions w%,ere classified into various resistance categories as fiollows: 

Highly res;-:int (HR) = No. of insects/kg roots 
less ,..an neialn - 2 stl 

Moderately resistant (MR) No. of insects/kg roots 
bct eecii nitean - 2 sd aiid inca ml -- I sd 

Low resistance (l.R) = No. of insects/kg roots 
between iean - I sd and niean 

http:analyz.ed
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Susceptible (S) = No. of insects/kg roots 
between iean and mean + 2 sd 

Highly susceptible (HS) = No. of insects/kg roots 
iiore than nica in+ 2 sd 

Intermediate screening. In this screening, six accessions which showed least damage in
 one previous screening were included in a three-replicate screening test. The insect count data were
 
subjected to analvsis of variance and 
means were compared by i)Duncai'S Mutiple range test. 

Advanced screening. In this screening one accession, I 943, which was least damaged in 
two previous tests was compared fbr weevil infestation wit:: two susceptible checks in a six-replicate

test. 'he insect count data were alial.vzed hv arialvsis Ifvariance it,;d
in.Ians v.ere coiipared 1v I)t ricall'S 
iiultiple range test. 

Results and Discussion 

Preliminary screening. The numlber of weevils per kilograi of roots ranged front 0 to 172. 
Amiong 31 accessions 5 were highly susceptible. 4 were susceptible and 22 showed low levels of'

resistance. Anioni-e tile
low resistance accessions. the insect nuinber ranged front ) to 31.4/kg r,ots.

Seven accessions, nanilcv, I 967. I 986. I 99(0, I991. 
 I998. I 999 and I I (O)O had no insect infestation. 
These accessions will be included in next seasol's screeline to colffirnl the resistance. 

Intermediate screening. I.The results Of the second screenin are sUniiiiari/ed inTable 

l'v)o accessions. I 00) and I 783, \wre free of weevil infestatiio. The relnainin three entries w'ere
 
at par with the slsceptihle check. I 57. Accessions I 60( and I 783 \%ere also least dlarria1ed in tie
 
preliini nary test in1985-86. These two accessions \%ill he screened inaninadvanced screeni irg test in
 
1987-88 to conirirn the resistance.
 

Advanced screening. In this test accessiton 1943. Mhich 'lad shonlV leasi daita.c in t\ro
 
previous tests. \\as i susceptible it)
\wccvil as the t\tn known susceptible checks. 157 and I 207.As inprevious years, a considerable variation in weevil infestation (t' s\kcel ptatt roots was

obscrvel arnitIng replicates of the saille accessioll ill clTorts
the samie experilrenit. I)espite coltiru, 

over the post 12 years. a resistant sweet potaot accession has nt 
\el been fotunrid. 

Table 1. Infestation of selected sweet potat3 accessions by sweet
potato weevil, AVRDC, autumn 1986 and 1987.z 

Accession No of weevils/kg roots 
1600 0.00 b 
1783 0.00 b 
1712 0.67 ab 
1810 1.10 ab 
1626 2.77 ab 
157 5.40 a 

'Planted 1 September 1986 and harvested 10 February 1987 Plot s/e 1 tn X 5 i. 
Design: RCBD with three replicates. Mean separation by DMR1 'SsceUS htblte check 

Screening of Progenies from Interspecific Cross 

for Sweetpotato Weevil Resistance 

Summary 

Forty-nine progenies of a cross between Ilpomuea hattas and Ipoinoa trifida that were least 
damaged in 1985-86 season were screened for resistance to sweclpotato weevil, (.y/si.j11ficaritts. 
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There was a wide variation anrong replicates ofeach entry and among entries which vitiated selection 
of least daniaged clones based on statistical test. Nonetheless. 13 entries were Iree of weevil infestation 
and live entries had less than one weevil/kg roots. These entries will be screened next ye.tr to confirin 
the stability of resistance. 

Introduction 

Since getting a reliable source of resistan-ce to swectpotato s,ccvii. ('hts./utrtitarius/oriucar'us 
F.&ot(leoptera:Cnrculionidae) has proven to be ,iuextremely difficult task, in 1985 crosses were made 
hy atCIP plant breeder between Ipmoca hatoias and 1. Ir/fihda. with the objective of' developing a 
Wscevil-resistant sweet potato cultivar. ina preliminary single replicate trial' in tile1985-86 season. 
1, 131 progenies vere screened and 49 entries with satilfactory yield and low weevil infestation were 
selected for second screening. In the 1986-87 scason. thlse entries were evaluated fOr wee%if resistance. 

Materials and ,.ethods 

Fach entry, including twO susceptible checks. +:iiplanted in three randomly selected I In x 5 
n phts in tsveetpo tato weevil nursery. ach l h\t was bordered o One side by a weevil-infested 
It \kwof sweet potatt \%hich was planted two ililtnths earlier and iIn.culdated with ;ibi iratory-reared weevil. 
The Crop was grto, itisilrg custotla r\cultural practices e\t:cpi that no insecticide was !Pplied. At 
harvest vicild was ,:ctlded and lite tooits ca;.Inat1ad f r wee'.'il iin'estation by Cutting theur open IInd 
ctonting the number of larvae. puIeC and adult, found inside. The isect Count dlta ere tcoCnverted 
to the nuriber ol total insects (larv\e + pupae 4-adults) per kilograir of r1oots. The data \'ere Studied 
h%analysis of, variance and me;ans w.erc separated y l)unca'ns multiple range test. 

Results and Discussion 

The results of"wcevI inlestation are -,rrniarized in Table 2. The number of insects found per 
kiltgram lof ) to 45. There was considerable variation between replicates of entriesroots rantged froii 
%%hich had weevil infestation. As a -esult there was no statistically significant difterence aliroug these 
cntries and the susteptible :hecks, and in fact sonic test entries were niore susceptible than the susceptible 
ch.ecks. I 444 and 157. However. 13 test entries were free front weevil damage and five entries had 
less than one wcevil/ ke roots. prscvions yeNar be testedThe -ntries with less dalnrage during file " ill 
in 1987-88 scas,,n to corfirin-the stability (if' resistance. 

Correlation between Root Characters and 

Sweeiptcato We vqi irfestation 

Summary 

In a three-year (1984-86) correlation study between easily quantifiable sweet potato root characters 
ard sweetpotal weevil (Cvlas./ormi'arius)infestation, no significant and consistent correlation was 
obscrved between root characters. such as dry matter. sugar. -carotenc. protein content and weevil 
infestation. 

Introduction 

F.(Coletptera:Curculi irnidaef. inlests sweet 
potato roots and itnakes even slightly dariaged roots unfit for hurnan cOrisuIptitn. AVRI)C has been 
sc.ree ning sweet potato gerlniplasin tt ident if'stit'res tftresistance to this pest arid breed ,lltag rrtllric 
cultisar with weev il re,,istancc. Hois vcr. despiti: 12 ycars of cntinutos resacarch ntita single accession 
thit is ctisistently resistant to the weevil has bet rIilnd. )ther research grtups had si imilar difliciultics. 
Starting 1984-85 seaston. therefore. basic research tt tindcrstand the hitn,-plait relationship tif this 
isect was initiated. In I986-87. the ,tnd\ ti tile rClationship betss en various qauatifiable rtot 

Sweetptotato wecvil. lrmiariu../,rmitaiu. F.vhz. 
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Table 2. Infestation of interspecific cross progeny by sweetpotato weevil, AVRDC, 

ZPlanted 3 September 1986 and hirvested: 8 February 1987. Plot size: 1in x 5 m. Design: RCBD with three 

autumn 1986.z 

Entry Weevils/kg roots Entry Weevils/kg roots Entry Weevils/kg roots 

WT3 
WT7 
WT146 
WT629 
WT786 
WT675 
I 444 y 

WT128 
WT603 
WT298 
I 57y 

WT164 
WT248 
WT700 
WT250 
WT260 
WT62 

45.07 a 
38.17 ab 
32.15 abc 
?.00 abcd 
24.40 abcdc 
22.50 abcde 
21.53 abcde 
15.53 bcde 
13.15 cde 
12.97 cde 
10.73 cde 
10.47 cde 
9.15 cde 
8.33 cde 
8.23 cdo 
7.50 cde 
6.53 de 

WT66 
WT143 
WT241 
WT346 
WT335 
WT478 
WT129 
WT 194 
WT1O 
WT306 
WT278 
WT203 
WT555 
WT279 
WT81 
WT571 
WT262 

6.25 de 
5.97 de 
5.00 de 
4.35 e 
4.27 e 
4.16 e 
3.63 e 
3.23 e 
2.50 e 
2.40 e 
1.97 e 
1.90 e 
1.77 e 
1.67 e 
1.50 e 
1.37 e 
0.97 e 

WT460 
WT230 
WT314 
WT325 
WT125 
"AT237 
WT60 
WT399 
WT452 
WT578 
WT108 
WT532 
WT213 
WT57 
WT320 
WT843 
WT59 

0.80 e 
0.50 e 
0.35 e 
0.23 e 
0.00 e 
0.00 e 
0.00 e 
0.00 e 
0.00 e 
0.00 e 
0.00 e 
0.00 e 
0.00 e 
0.00 e 
0.00 e 
0.00 e 
0.00 e 

replicates. Mean separation by DMRT. YSusceptible checks. 

characters (dry matter, sugars, 3-carotene and protein content) and weevil infestation was continued. 
Thc ro,'t characters were analyzed by the AVRDC chenist before initiation of this experiment. 

Materials anzl Methods 

Twenty-two accessions or breeding lines were selected for this study. There were four entries 
each with white and orange flesh and drN matter contents ranging from 17 i% to 37.1 % and 19.4% 
to 33.77%(fresh weight basis), respectively. Five entries had total sugar cantet ranging from 10.6% 
to 31.4r, (dry weight bsis). Five entries contained /3-carotene ranging from 1.4 to 10.5 tug! 100 
g root (fresh weight basis), and four entries had protein content fI )m 2.0% to 9.7% (dry weight basis).

Stem cutting:, from each entry ,crc dipped in 0.05 carbofr.'an solution for 20 nin before planting
to rid the planting material of wcevils. Each entry was planted as a single row oi the top of randomly
selected eight I in X .5in plots. Each plot was bordered on one side by weevil-infested sweet potato
which served as a source of weevil. The crop was raised uSing customary cultural piactices except
that no insecticide was applied. At harvest the rots were cut open and the number of larvae, pupae
and adults found inside recorded. The insect count (larvae + pupae + adults) and root constituent 
data were subJected to simple linear regression and correlation analysis to study the influence of. various 
root constituents i sweelpotato weevil in festation. 

Results and Discussion 

Results of the correlation between various root constituents and sweetpotato weevil infestation 
are summarized in Figures I to 5. 

Two sets of four accessions each, ore set with white flesh and the other with orange, were selected 
to study the influence of dry matter on w(evil infest.tion. In both sets there was no statistically significant
correlation between dry matter conten', and the number of weevils in the roots (Figs. I and 2). In
orange-1leshed entries, there were le,,weevils with increased dry matter content in 1984 tests, but 
no such trend was observed in the 19,5 or 1986 tests. Thcre was no definitive trend observed in white
fleshed sweet potato in any of the three season:. Published reports indicate negative correlation 
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between root dry matter content and weevil infestation, but such reports seem to be based on one 
season tests, which arc not reliable in the case of sweetpotato weevil infestation. 

In general, more weevils were found in roots with increased concentration of total sugar during
the 1984 seas'-n but this was conversely true in the 1986 season (Fig. 3). No such trend was observed 
in the 1985 tests. 

As the concentration of i3-carotene in the roots increased, so did the number of weevils in the 
1984 test (Fig. 4). In fact, there was a significant positive correlation (r = 0.91 *) between this plant
constituent and weevil infestation. However, no such significant trend was observed in the 1985 and 
1986 tests. 

No definitive tendency was observed between protein content of the roots and weevil iiifestation 
in any of the three seasons (Fig. 5). Entries with high-protein content sometimes gave very poor yield
and weevil infestation assessment, at times, was impossible. 

Influence of Irrigation on Sweetpotato Weevil Infestation 

Summary 

The influence of irrigation on sweetpotato weevil (Cvlasformicarius)was investigated once each 
in the 1985-86 and 1986-87 seasons. Increasing the frequency of irrigation during the season not only
tended to reduce weevil infestation but also reduced root yields. A proper balance between frequency
of irrigation to reduce soil cracking to prevent access of the weevil to root,"and allow the roots to 
develop adequately to get optimum yield should be established for each soil type and crop cultivar. 

Introduction 

Soil cracks around sweet potato plants expose the roots. Such crack: and exposed roots are the 
major route by which the sweetpotato weevil, Cylasfrnnicaritus F. (Coleoptera:Curculionidae), initiates 
infestation. The cracks can be caused either by enlarging of roots or by drought stress. Large roots, 
which contribute to high yield, cause cracks. However, cracks can be prevented by maintaining adequate 
moisture in the soil which reduces weevil damage. This was tested inone field experiment conducted 
twice, once in 1984-85 and repeated in the 1986-87 season. 
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Materials and Methods 

Land was rototilled and after application of basal fertilizers, worked into 1-rnwide beds. Every
Fourth bed was planted to sweet potato eight weeks before the start of the experiment. Laboratory
reared adult weevils were released in this planting to ensure a source of infestation for sweet potato 
crops. Sweet potat, was then planted in three empty rows between two adjacent weevil-infested lines. 
The plot size was 3 m X 12 il in 1985-86 and 3 m x 10 in in the 1986-87 seasons. There were 
three ,.igation interval treatments. Starting two weeks after sweet potato planting, four randomly
selected plots were flood irrigated at 10-. 20-, or 30-day intervals. All othe- cultural practices, such 
as fertilizer application, weeding and vine turning, were kept identical in each plot. At harvest onl\ 
the central row was harvested and aftei determining the yield. each root was cut open and tilenumber 
of weevils (larvae I- pirac + adults) and percentage ol toamaged roots were recorded. The insect 
infestation and root yield data were subjected to analysis of variance and means were separated by 
Duncaln's multiple ranee test. 

Results and Discussion 

The results of bowm the 1Q85-86 and 1986-87 tests are summarized in Table 3. 
Trere was no significant difference in weevil infestation in three irrigation interval treatments 

;iimoth seasons. There was, however, a tendency for the number of weevils per unit root weight to 
in-rcase, with increasing interval between two consecutive irrigations. Root yield also tended to be 
higher with longer intervals between two consecutive irrigations. There was no significant rainflall 
except once ii. each season atthree and two months after planting in 1985-86 and 1986-87 seatonls. 
respectively. More frequent irrigation obviously kept the soil moist and prevented tilesoil from cracking, 
thus reducing the weevils' access to the roots. The same treatment obviously adversely affecte-d the 
r¢o)ot yield possibly due to redunC1d aeration. However, neither the cracks nor the aeration status in 
the plots was recorded. Frequent irrigation reduced the soil cracks but it conceivably affccw'd the 
root yield due to reduced aeration. However. this is expected to vary for each soil type. A proper
balance between frequency of irrigation to reduce soil cracking and yield response should, the'ellore, 
be wo rL'd out lbr each soil type and crop cultivar. 

Table 3. Effect of irrigation frequency on sweetpotato weevil infestation and root yield, 
AVRDC, 1987/ 

Irrigation frequency No. of weevils/kg
roots 

Damaged roots (%) Yield (t/ha) 

1985-86 
Every 10 days 0.93 a 3.25 a 5.75 a 
Every 20 days 1.55 a 3.10 a 6.10 a 
Every 30 days 1.70 a 1.66 a 6.43 a 

1986-8"7 
Every 10 days 0.00 a 0.00 a 8.60 ab 
Every 20 days 0.00 a 0.00 a 7.02 b 
Every 30 days 1.40 a 1.40 a 10.10 a 

ZPlanted 12 September 1985 and harvested 20 February 1986 for the 1985-86 season. Planted 10 Septembe, 
1986 and harvesteo 4 cebruary 1987 for the 1986-87 season. Plot size. 3 m x 12 m in 1985-86 and 3 m x 
10 m in 1987. Des gn: W3BD with four replicates. Mean separation by DMRT. 

Studies on Sex Pheromone 

Summary 

The utilization of synthetic sex pheromone of the swcetpotato weevil, Cylasformicariusmnicarius 
F., was studied in the field. A dose of 0. I ;pg sex pheromone was more effective than five vir,in fetnales 
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in attracting male weevils. Within a range of 0.001 to 1 ing, a proportionately greater number of 
males were captured in traps baited with increasing concentrations of the sex pheromone. Among 
the five different traps tested, a water trough trap with an opening near the top in all directions was 
more effective, easier to use and relatively less expensive. The capture of male weevils decreased 
with increasing distance from 5 to 100 m of the insects from the pheromone source. Within a distance 
of 10 m, over 90% males were captured in the pheromone-baitcd trap. Preliminary studies indicated 
the possibility of utilizing sex pheromone for sexual communication disruption so that the insects will 
not mate, thereby reducing their population. 

Introduction 

In early 1986 scientists at the United States Department of Agriculture synthesized a potent female 
sex pheromone of the sweC.,, .ato weevil, Cyla%frimicarius F. (Celeoptera: Curculionidae), and 
demonstrated the potential of this chemical in trapping ma'e weevil; and thus controlling the pest. 
Based on their findings a locally synthesized chemical was obtained and various studies were conducted 
to suit local conditions to trap the male weevils efficiently. 

Materials and Methods 

Comparison of synthetic pheromone and virgin females. A total of 12 traps, of which 
four each were baited with 1,000 jg pheromone, 0. 1 jig and four one- to two-day old virgin females, 
were placed randomly in a sweet potato field infested with sweetpotato weevil. After 24 hours the 
number of male weevils cat ght in each trap was recorded. The number of weevils trapped was analyzed 
by ANOVA and i,.ans vere compared by Duncan's multiple range test and t test. 

Pheromone concentration study. "'wenty traps, four of each baited with 0, 0.001, 0.01, 
0. 1 or 1.0 mg of synthetic pheromone, were placed randomly in a sweetpotato weevil-infested field 
for four successive weeks. A distance of at least 20 in was maintained between two traps and the 
traps' position was changed randomly everyday. The number of weevils trapped was recorded every
week. The number of weevils captured per week was analyzed by ANOVA and means were compared 
by Duncan's multiple range test. 

Trap design study. Five traps of different designs (Fig. 6), each baited with 10 /jgsynthetic 
sex pheromone were placed in weevil-infested fields at least 20 in away from each other. 

In the first experiment, all five traps were tested for three consecutive weeks and the number 
of insects trapped in each per Week was recorded. Insects captured each week was considered as one 
replicate. In the second experiment in a separate field, only three traps - a water trough with an 
opening on all directions, a plastic bottle and stainless steel funnel - were utilized. The number of 
insects captured in each trap for four consec,!tive days was recorded and considered as one replicate. 
The third experiment, in yet another field, was conducted in a similar fasi.ion as tile second, except 
that insect count was recorded over three consecutive days with eac, day's data representing one 
replicate. Insect count data were analyzed by ANOVA and the means v-', compared by Duncan's 
multiple range test. 

Insect capture efficiency. Every day for five consecutive days, one water trough, one plastic 
bottle and one stainless steel funnel were placed wide apart in an open field. A total of 100 sweetpotato 
male weevils, marked with color paints on their elytra, was released along the circumference I m 
away from each trap. The number of marked insects captured the following day was recorded everyday 
and each day's insect count was considered as one replicate. 'rle insect capture efficiency in percentage 
was calculated by dividing the number of insects trapped by 10{. The insect count data were analyzed 
by ANOVA and means were compared by Dur.j-an's multiple range test. 

Effective distance study. A water trough baited with I mg synthetic pheromone was placed 
in an open field, and at a distance of 5, 10, 20, 40, 50, 60, 80, c r 100 nk from the trap, along the 
wind direction, marked males were released. 'rile number of marked insect; captumed ihe following day 
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Fig. 6. Various traps tested for trapping of sweetpotato male weevils In 
synthetic pheromone-baited traps. A) Sticky paper trap; B)Water 
trough with lid opening In two directions; C)Water trough with lid 
opening in all directions; D) plastic bottle; and E)Stainless steel 
funnel. 

was recordtd. This experiment was repeated (or 10 days and the nean number of insects captured
from each distance per day was computed. The data were analyzed by simple linear regression to 
determine the correlation between the location of insects from the trap and the number of insects 
captured. 

Communication disruption study. In a sw,','tx)tato weevil-infested field, rubber sepia co,'ted 
with I mg synthetic sex pheronnm,,.- were placed at a height just above the plant canopy. The sepia 
were placed at the junction, ofa 2 in grid in one location, 5 in grid in the next and 10 in grid in the 
third. A trap baited with 0. I Itg pheromone was placed in the center of each grid and the i.:'mnber 
of insects trapped was recorded three times. The insect count data were analyzed by ANOVA and 
means were separated by Duncan's multiple range test. 

Results and Discussion 

Comparison of synthetic pheromone and virgin females. The results of the comparison
of male weevils captured in pheromone-baited and virgin female-baited traps are summarized in 
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Table 4. Both pheromone-baited traps attracted con;iderably more insects than the virgin female-baited 
traps. The number of males trapped in 0. I pg synthetic pheromone trap was six times greater than 
in the virgin female-baited (rap while the 1-mag baited trap attracted 182 times more males than the 
virgin female-baited traps. The results indicated that even very low concentrations of synthetic 
pheromone was more effective than virgin females. 

Table 4. Effectiveness of synthetic sex pheromone and virgin females in capturing male 
weevils. 

No. of male weevils caught/trap/daySex pheromone concentration_____ 
Means compared byor virgin females (VF) Mean sy

z yANOVA-DMRT t test

1000 pg 2087.0 a 
0. 1 pg 69.8 b 69.8* 

5 VF 11.5 b 11.5* 
ZData analyzed by AVRDC and means compared by DMRT. YMeans of 1,000 jig and 0. 1 pg and 0.1 pg and
five virgin females were compared by student's t test. Observations are means of four replicates. 

Pheromone concentration study. As the synthetic pheromone concentration in each trap
increased from 0.001 to 1.0 rg/trap, the number of males captured increased proportionately during 
each of the fbur successive weeks (Table 5). For mass trapping, therefore, at least up to I rg 
concentration per trap appears to be sui!able. 

Table 5. Influence of synthetic pheromone concentrations on male weevil capture. 

Concentration No. of male weevils caught/trap/weekz 
(mg/trap) 1st wk 2nd wk 3rd wk 4th wk 

1.000 17029 a 7580 a 6559 a 5859.0 a 
0.100 5953 b 2365 b 2774 b 2007.0 b 
0.010 1467 b 802 bc 968 c 606.0 c 
0.001 
Control 

1644 b 
283 b 

307 c 
2 c 

218 c 
0 c 

190.0 d 
0.0 d 

ZData are means of four replicates. Mean separation by DMRT. 

Trap design study. In the first experiment wherein five types of traps were included, a sticky 
paper trap and water trough trai)with openings on all directions attracted the greatest number of weevils 
(Table 6). Since sticky paper traps need to be replaced frequently and the water trough with openings 
on only two directions captured less insects than the one with more openings, they were dropped in 
subsequent tests. No significant difference in insect capture was observed arng the three remaining 
traps in subsequent tests. Generally. however, more weevils were trapped in the water trough. This 
trap was also cheaper than the stainless steel funnel trap and more convenient and durable than tile 
plastic bottle trap. The water trough will be used in all fiture tests 

Insect capture effic~ency. No significant difference was observed among the three traps 
placed I m away from the pheromone source in capturing male weevils. The water trough captured 
92.2% of the insects, plastic bottle, 92.3% and stainless steel funnel trap, 96.7%. The capture efficiency 
of all traps was quite high, which is satisfactory fbr their practical use in the field. 

Effective distance study. The percentage of marked males recaptured varied from 94.7% 
at 5 m to 11.4% at I) in from the pheromone source. There was a gradual and proportional reduction 
in the percentage of insects recaptured from a distance of 5 i tip to 100 in from the pheromone trap 
(Fig. 7). At a distance of 10 m11,over 90% of the marked males were recaptured in less than 24 hours. 
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Table 6. Effectiveness of various trap designs in captur!ng male weevils in pheromone
baited traps. 

Trap types No. of males capturedz
 
Expt. l y Expi. 2x Expt. 3w
 

Sticky paper 4138 a 
 - -
Water trough 3685 abc  -

(opening on two directons)


Water trough 4023 ab 1901 a 873 a
 
(opening on all directions)


plastic bottle 2000 bc 2081 a 303 a
 
Stainless steel funnel 1713 c 1436 a 797 a
 

ZMean separation in vertical columns by DMRT. YNumber of insects trapped/week, mean of three
replicates. Number of insects trapped/day, mean of four replicates. WNumber of insects trapped/day, 
mean of three replicates. 

00 L -J~ - - -

Correlation between distance of male80 20 0 - 80 weevil location from thethe pheromone-baited 
Disiance from Pheromone Trop(ml tra,s and the percentage of males captured. 

A distance of 20 in between two adjacent traps will, therefore, be adequate to continuously trap males 
from the field. This amounts to 25 traps/ha, assuming that the traps are kept stationary throughout 
the season. 

Communication disruption study. Result'; of apreliminary communication disruption study' 
are summarized in Table 7. The communication disruption effect was judged by the number of males 
attracted to the trap baited with 0. I /pg pheromone placed in the center of a quadrangle, the four angles 
of whJh had I ig pheromone. The greater the confuision caused by the high concentration of pheromone 
in the surroundings the lesser the insects trapp :d. A significantly low number of males captured in 
the pheromone-baited traps was observed in the treated area compared to the control in two out of 
three observation intervals. There was no statistically significant diffehrence in communication disruption 
percentage between the 2 m and 5 in or 5 in and 10 in grids. The slightly g:eater percentage of 
communication disruption obtained at the 5 mngrid compared i,' thc 2 in grid may be due to the fact 
that males group at a point of high pheromone concentration. Since the pheronrone points are farther 
at the 5 m grid than at the 2 in grid, less male adults are available for attraction in the trap placed 
in the center of the 5 in grid. Results indicate the po~tentiz.l for us'. of high concentrations of the weevil 
sex pheromor,: for communication disruption. Further studies; ,,i the utility of' this method as well 
as nia:;s trapping of the weevil are in progress at AVRDC. 

Integrated Control of Sweetpotato Weevil 

on Farmers' Fields 

Summary 

Attenmpts were made to introduce integrated pest management (1PM) technology to control 
sweetpotato weevil (Cylasformicaritus) in farmers' fields on Penghu Island, Taiwan. 1PM consisted of 
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Table 7. Influence of exposure to high concentration of sex pheromone on trapping of 
weevil males In pheromone-baited traps. 

Distance between No. of males captured (% CD efficiency)y 

pheromone pointsz 87/9/18 to 9/21 9/21-9/24 9/25-9/30 
2 54.0 (82.3) b 28.0 (58.5) a 
5 12.5 (95.4) b 6.3 (90.7) a 6.3 (86.3) b

10 7.8 (83.0) b 
Control 305.5 (0.0) a 67.5 ( 0.0) a 46.0 ( 0.0) a 

z1mg pheromone was placed at the junction of 2,5 or 10 mgrids. YData are means of four replicates. Mean 
separation invertical column by DMRT. 

No. insects incontrol - No. insects in treatment% CD efficiency =x10 No. insects in control X 100 

the use of weevil-free cuttings for planting, use of sex pheromone to trap male weevils and the removal 
of lpomoea sp. plants from the surroundings. A total of 69,315 male weevils were captured in sex 
pheromone traps in 62 field-. Thc number of weevils per kilogram root at harvest ranged from 0 
to 98 with a mean of 14.5. The percentage of weevil-damaged roots ranged from 0% to 58% with 
a mean of 11.64%. Generally, root damage was less than 10% and in nine fields there was no weevil 
infestation. If all farmers in a community rigorously follow the IPM control measures, there is a 
possibility of eradicating the weevil over a period of time. 

Introduction 

Sweetpotato weevil, ClasfonicariusformicariusF. (Coleoptera:Curculionidae) and other related 
species are the most destructive pests of sweet potato in the tropics and subtropics and wherever it 
is cultivated. Despite intensive research at AVRDC and elsewhere, no sweet potato cultivar that is 
consistently resistant to the weevil has been developed. Past research indicated the potential of using
cultural and sanitation methods to reduce weevil damage to a negligible level if all farmers in a 
community follow the control measures. In 1986 AVRDC successfully reduced weevil damage in 
farmers' fields in one island on the Penghu Island chain. During late 1986 asex pheromone developed
by USDA, which showed outstanding ability to attract male sweetpotato weevil and long persistence
under field condition was obtained. In 1987, therefore, in addition to cultural and sanitation practices, 
sex nheromone was used to trap sweetpotato male weevils to reduce insect population in farmers' 
fields on Penghu Island. 

MateriLis and Methods 

This experiment was carried out on Jungtwun Island in Baisha prefecture on the Penghu Island 
chain. Forty farmers cultivated 5 ha of sweet potato in 62 small fields, each averaging 0.08 ha. Prior 
to planting sweet potato, a meeting was held with the farmers to explain the principles and procedures 
involved in weevil control and the importance of everyone's participation, since failure of even one 
farmer to participate will reduce the effectiveness of the whole program. During the planting of sweet 
potato, three large containers holding 100 liters each of 0.04% a.i. carbofuran solution was provided 
to the farmers. Each farmer dipped sweet potato cuttings in the insecticide solution fbr 20 min,drained 
them of excess liquid and planted them in the field. The farmers were advised on safety precautions 
to use while handlng the insecticide-contaminated cuttings and everyone used hand gloves. They were 
also requested to clean their respective fields and surroundings of lpomoea weeds, most of which 
harbored the sweetpotato weevil and also advised to hill up the plants whenever possikl, especially
when roots start enlarging. Hilling reduces land cracking which exposes roots to weevil infestation. 
Depending upon the size of the cultivated area, each farmer was given I to 5 traps baited with 
sweetpotato weevil sex pheromone (Fig. 8). The farmers were advised to rotate the traps in the field 
as often as possible to cover the entire field so that the existing as well as migrating male weevil, 
can be trapped. The number of weevils trapped in each field during the entire season was then recorded. 
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At harvest about 5 kg of sweet potato roots were sampled fron each field and cut open to record
 
the number of weevil larvae, pupae and adults in each sample. The weevil-damaged portion of the
 
roots was percentage of damage was
weighed and tile 	 calculated. 

Results and Discussion 

l)uring the entire season 69,3 15 male weevils were captured in 62 fields. The number of weevils 
per kilogram of roots ranged from () to 98 (Fig. 9) with a mean of 14.5. and weevil-damaged roots 
from (M(, to 58'1 (Fie. I0), with a mean of II .64",. In majority of cases, root damage was less than 
10 , and in nine laroters' field, there was no weevil infestation at all. In 1985 root damage averaged 
50',', while in 1986 it %as 3W" AVRI)C Progress Repolt 1986). 

. . -	 - - i . ,, \ . _________x 
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116 	 Fig. 9. Number of weevils/kg root in samples taken 
7from farmers' fields practicing integrated
 

control of sweetpotato weevil. Nine fields had
 
no weevil infestation.
 

Fig. 8. 	 A sweetpotato weevil sex 40
 
pheramone-balted trap to
 
capture male weevils. 30
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Fig. 10. 	 [7 

Range of sweexpotato weevil damage in root 0 r -71 
samples taken from farmers' fields 0- II- 21- 31- 41- 51
practicing Integrated control of sweetpotato !0 20 30 40 50 60 
weevil. Root Damage (%) 

The farmers wvIo dipped the cuttings in cat hofrirain solution, controlled the IinmNoa weeds, and 
frequently rotated pheromone trlps within their fields were highly successful in controlling tiletile 

weevil. 1lhe few farmers whose fields had substantial weevil inl'estation were those who did not dip 
tile borderplanting materialS in ihecticide solution and ignored the presence of Ipintova weeds on tile 
and empr,areas around th,:field. A though sex pheronone was effective in trapping males, the mated 
females lroin theIh/mwoa weeds migrated from the surrounding areas. For effective weevil control. 
therefore, conlrol of llies, weeds is as importamtas the use of weevil-free cuttings or sex pheromone. 
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Screening of Breeding Materials 
for Sweetpotato Vine Borer Resistance 

Summary 

Progenies of crosses between sweetpotato vine borer (SPVB). Omlhisa anastonosalis(Guen6e),
resistant accession and agrononmic cultivars were screened for SPVB resistance on Penghu Island,
Taiwan. The average damage among 122 breeding materials was 33.2%. The damage was 34.4% 
for a susceptible cl-eck and 7. 1% for three resistant checks. In some progenies, root yield was high
despite heavy SPVB damage. This raised the possibility of develpiug FPVB3-tolerant sweet potato
cultivars. Eight entries with less than 20'7 damaged plants were selected for further improvement. 

Introduction 

Sweetpotato vine borer (SPVB). Omphisa antstomosalis(Gn) (Lepidoptera: Pyralidac) isa serious 
pest of sweet potato in Southeast Asia. China and the Pacific. including Hawaii. The insect lays eggs
on stems and leaves and the freshly emerged larvae bore into the vines, especially in crown 
position and pupat: inside. This weakens the plant and considerably reduces the yield, up to 50% 
in some areas. 

Screening of AVRI)C's sweet potato germplasin resulted in identification of two accessions, I 55 
and 192. which showked a consistently moderate level of resistance to SPVB. 155 was used for breeding
SPVB resistance in a high yielding. agronomic sweet potato cultivar. In 1986 all breeding materials 
were tested in ;i single replicate screening and 125 materials which were relatively less damaged by
SPVB were selected. In 1987 these materials were again tested along with three resistant and one 
susceptible check for resistance to SPVB in a muhireplicate test. 

Materials and Methods 

This experiment was done on Penghu Island where SPVB is especially serious. After application
of basal fertilizer, the land was rototillcd and worked into I-in wide beds. Entries, including 125 breeding
materials and three resistant and one susceptible check, were planted in single rows on 5-u long beds.
There were three replicates and the plots were arrar.ged in a randomized complete block design. The 
crop was raised using i, utine cultural practices such as postplanting fertilization, banking, weeding
and others but no insectit ide was applied. At harvest each plant in every plot was observed and the 
number of SPVB-damagcd and healthy ones was rec:orded. 

Results and Discussion 

Among the 125 breeding materials, three were severely affected by witches' broom or died due 
to the combination of witches' broom and other diseases. One susceptible check AIS 35-2, was also
severely damaged by witches' broom. These entries were riot evaluated. Among the 122 breeding
materials left, the percentage of plants damaged ranged fron 3.7 to 86.9 with a mean of 33.2. The 
average plants damaged in three resistant chec ., was 7. I and the susceptible check had 34.4. Eightbreeding materials with less than 20% plant damage in each of the three replicates were selected for 
further screening, evaluation of yield traits, and further crosses to improve their agronomic characten;.
The SFVB damage in ifese entries along with that in resistant and susceptible checks is summarized 
in Table 8. 

In certain entries, such as CN 1757-40. plant growth was normal and they had g'iod-sized storage
roots despite SPVB damage. Since major SPVB damage is confined to tile vines and rarely does the
insect feed on the ;torage roots, it is possib,-to develop ai SPVB-tolerant cultivar. In such a cultivar,
there is no significant yield reduction despite severe SPVB damage to the vines. This will be studied 
in the 1988 cropping season. 



191 Sweet Potato Entomology 

Table 8. SPVB damage In selected breeding materials and checksz 
Entry Plant Yield Plant Yielddamage (kg/plot) Entry damage (kg/plot) 

CN 1759-47 5.0 + 5.0 6.2 CN 1759-635 3.7 ± 6.4 3.7 
CN 1759-296 11.1 + 9.7 1.7 CN 1757-40 86.9 ± 13.5 10.7
CN 1759-316 8.4 + 10.4 6.1 CN 1759-282 78.5 4 5.7 6.3 
CN 1759-330 11.9 ± 10.4 5.5 I 57(S)' 34.4 ± b.1 8.4 
CN 1759-465 8.7 + 10.4 3.0 I 55(R)' 13,9 ± 10.2 1.5 
CN 1759-487 10.2 ± 5.0 6.3 192(R) 7.4 3.2 0.7 
CN 1759-491 7.6 + 3.7 0.9 I 789(R)' 00 0.0 

"Data are means of three replicates, Plot size 5 flu I in "(S) :-Susceptible check. X(R) Resistant 
check. 

Characterization of Sweetpotato 

Vine Borer Resistance in Sweet Potato Accessions 

Summary 

Studies on plant morphology, ovipositio( preference and larval fcdi;,-,, ,'. eelpotalo vine 
borer (SPVB), Omphisa atastonosalis. were conducted to understand the mecha;nisi of SPVB 
resistance in three sweet potato accessions I 55, I 92 and I 789. No clear-cut difference was found 
in plant morphology and vipositiom but feeding of' larvae in intact plants indicated that c-rtain active 
principles in stems reduce larval feeding and cause significantly greatcr larval mortalitN *i resistant 
than in susceptible sweet potato accessions. 

Introduction 

Sweetpoato vine borer (SPVB). Omphisa anastomo.salis (Guene) (Lepidoptera:Pyralidae). is 
one of the most destructive pests of sweet potato in Asia and the Pacific. The insect larva bores into 
the vines and main stems. At times the insect also bores into tubcrous roots and pupates in them. 
Serious',' infcstcd plants appear stunted and wilted during hot and sunny days. In Taiwan yield reduction 
of up to 5(7 is common, especially on Penghu Island. 

Since the insect bores into the stems and spends the entire larval and pupal periods concealed 
inside the plant, it is difficult to control by conventional insecticide applicatton techniques. Using
insecticide to control this pest is not economical at present. There fore, AVRDC initiatedI a host-plant
resistance screening program on Penghu Island and identified two sweet potato accessions. I 55 
and 192. which were moderately resistant to this pest. In a later screening, another accession, i 789, 
proved to be moderately resistant to this pest. The resistance breeding program to develop a sweet 
potato cultivar resistant to SPVB is already ongoing at AVRDC. In this experiment plant morphological 
and insect pest host-plant interaction characters were studied to understand the mechanism of resistance 
ito SPVB in these resistant accessions. 

Materials and Methods 

Plant morphology study. Twenty fully opened leaves from the top portion of the plant were 
plucked and the leaf area of each measured by a Licor area nieter. The length and diameter of the 
petioles were also measured. After measuring the leaf area the leaf laminia and petiole were weighed
and dried at I I0C Ilr 48 hours. The weight of the dried plant parts was recorded and the moisture 
content determined. At this stage. in the case of leaf lamina, the specific dry weight, i.e. dry weight 
per cm2 of the leaf arca was also calculated. 

Inanother study the number of trichomes on lamiAa, petiole and stens was .ecorded. The number 
of trichomes on both sides of the lamina was coun'td and the number per 100 am 2 was computed.
The total number of trichomes on each petiole was recorded and based on the length and the diameter 
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of the petiole the number per 100 mm 2 was computed. The main veins, after recording the number 
of trichomes, were stripped of lamina and their area determined on a leaf area meter. 

Oviposition preference. Free choice: Three tender branches, each wih three top leaves 
from the three resistant accessions. 155, 192 and 1789. and two susceptible accessions. I 444 and 
AIS 35-2 were obtained. Each individual branch was immediately placed in an Erlenneyer flask 
containing water to maintain its freshness. One brar.'b each of the five entries was placed in three 
cages lined with smooth plastic. Five male and five female SPVB moths were then introduced in each 
cage to study ,eir oviposition preference for each entry. The number of eggs laid on each branch 
was recorded one week after the stirt of the experiment. 

No choice: The plant material was prepared in the same way mentioned above. But instead of 
putting five accessions in one cage, three branches of each accession was placed in individual pla itic 
cylinders. One pair of SPVB nloth was then released inside each cylinder and the number ff" eggs 
laid after one week recorded. 

Larval feeding: Two tests were done in larval feeding. In the first test three tender stem cuttings 
of each accession were placed in each of the three 150 ml Enenmeyer flasks containing water to sustain 
freshness for one week. Then, six freshly emerged SPVB larvac were released on the three cuttings 
and the number of insects making entry holes ir the vines and location of larval entry hole recorded. 
At the end of' the week, the number of survivmng larvae was also recorded. 

In the second test 15 cuttings of each entry ,crc planted in clay pots with one cutting per pot. 
The pots were placed in the greenhouse six weeks before the test was started. Ten freshly emerged 
SPVB larvae were then reledsed on each plant and allowed to feed on them for several days. Two 
weeks after the insect release, each plant was cut open and the number of larvae surviving inside 
was recorded. 

Results and Discussion 

Plant morphology study. The results of the estimates of leaf area. leaf moisture and specific 
dry weight are summarized in Table 9. Two resistant accessions, 1 55 and 192, had significantly 
snaller leaves and less moisture content than the two susceptible accessions, i 444 and AIS 35-2. 
Specific dry weights in 1 55 and I 92 were greater than in susceptible accessions, although in I 55 
such difference was not statistically signilicant. On the other hand. 1 789 has shown resistance to 
SPVB in several AVRDC tests on Penghu Island. 

Leaves of all accessions except 1789 were practically glabrous (Table 10). Accession 1789 had 
a high density of trichonies. Ve:ry high and very low trichonc densities on plant parts adversely affect 
insect pest in festation of such plants. In the case of sweet potato infcstation by SPVIB, this plant character 
did not seem to play any role since two of the three resistant and both susceptible accessions were 
glabrous. Although 1789 had a relatively high trichome density, especially on the petiole and main 
vein where insects prefer to lay eggs, thi, lid not seem to be high enough to deter insect oviposition, 
since SPVB laid practically a similar number ofeggs on the fbliage of resistant and susceptible entries. 
It must be emphasized that the role of trichomes. specifically in the interaction of' SPVP and sweet 
potato., is n.it yet known. 

Table 9. Leaf area, 	moisture content and specific dry weight of selected sweet potato 
7accessions!

Accession Leaf area cm2 /leaf Moisture content (%) Specific dry weight (g/cn 2) 

I 444 30.48 c 85.87 b 0.42 c 
AIS 35-2 57.40 a 88.27 a 054 b 
I 789 47.20 b 84.27 bc 0.54 b 
I 92 21.42 d 82.54 d 0.62 a 
I 55 14.51 e 83.49 cd 0.56 b 

ZData are means of 20 replicates. Mean (in vertical column) separation by DMRT. 
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Table 10. Trichome density on various plant parts2 

Number of trichomes/100 mm2 
Accession 

Petiole Main vein Lamina 
I 444 0.00 b 0.00 b 0.00 b 
AIS 35-2 0.77 b 0.00 b 0.00 b 
I 789 3-.70 a 143.70 a 3.15 a 
192 0.00 i 0.00 b 0.00 b 
I 55 0.00 b 16.05 b 0.00 b 

'Data are means of four replicates each with five leaves. Mean (in vertical column)
separation by DMRT. 

Oviposition preference. Most of the eggs w re laid on the main veins in the leaf lamina 
and very few elsewhere (Table l I).Few eggs were la d on the petioles or stems - the plant parts
often tunneled by SPVB. Among the three pl'nt parts though, significantly more eggs were laid on 
the leaf lamina than in the petiole and stem. Most of the eggs found on the lamina, as surmised earlier. 
were on the main veins. 

No clear-cut difference in the oviposition pattern was found among various plant parts between 
resistant and susceptible accessions. On tie main vein 'he resistant accession, i 55. had the lowest 
and I 92 had the highest number if eggs.

In a free choice test where resistant and susceptible accessions were planted together. SPVB laid 
significantly fewer eggs on 155 and 192 th.in on the susceptible accession AIS 35-2. However, this 
was not signiflcantly diteienit from the num':ulr of eggs laid on 1444, which is another susceptible
accession (Table 12). Similarly the number of eggs laid on resistant 1789 was not significantly different 
from those of the two susceptible checks. In (lie no choice test. however, there was no significant 
difference in oviposition among the accessions (Fable 13).

Although there were differences amon, certain resistant and susceptible accessions based on the 
re,,ults of these lets, oviposition preference did not seem to ply any definitive role in the resistance 
of :hese sweet potato accessions to SPVB. 

Larval feeding. When first instar SPVB larvae were placed on the cuttings of resistant and 
susceptible accessions for one week. no difference in their boring activity and survival was found. 
However. when the first instar larvae were allowed to feed on intact plants for three weeks. significantly
less larvae survived on the resistant than on tilesusceptible accessions (Table 14). It seen;ed that certain 

i'inciples in the vines of resistant accessions caused larval mortality. These principles were 

Table 11. Distribution of SPVB eggs among various plant 
parts.' 

Plant part Eggs laid (%) 
Stems 21 b 
Petioles 16 b 
Leaf lamina 63 a 

'Data are means of three replicates Mean separation by DMRT. 

Table 12. Oviposition preference of SPVB on various sweet 
sweet potato accessions in the free choice test. 

Accessions Eggs laid (%) 
1444 14 b 
AIS 35-2 48 a 
1789 29 ab 
192 3b 
15 5b 

zData are mean; of three replicates. M,.an separatiin by DMRT. 



194 AVRDC Progress Report 1987 

Table 13. Ovipositlon0 of SPVB on various sweet potato 
accessions in the no-choice test.z 

Accession No. eggslcutting z 

I 444 33 a 
AIS 35-2 15 a 
1789 32 a 
192 54 a 
155 26 a 

ZData are means of three replicates. Mean separation by DMRT. 

Table 14. Survival of SPVB larvae which fed on various 

sweet potato accessions. 

Accession Survival (%)' 
1444 33 b 
AIS 35-2 50 a 
I 789 17 c 
192 18 c 
155 23 c 

'Data are means of three replicates. Mean separation by DMRT. 

inactivated when the plant's integrity was destroyed. This important aspect needs to be investigated 
further to understand the mode of resistance. 

Two of the three resistant accessions, 155 and I 92. have dark purple vines. The purple stem 
is reported to conler resistance in soybean to an agroinyzid fly. It is possible that the anthocyanin 
pigment in the stems of 155 and 192 are involved in their resistance to SPVB. Vines of another resistant 
accession, I 789, are green and an independent resistant factor may he responsible for its resistance 
to SPVB. 

Sex Pheromone Activity in Sweetpotato Vine Borer 

Summary 

Laboratory an field studies were comducted to characteri/e ses pheromone activit in sweetpotato 
vine borer (SPVB), Onphi.sa anavioqosali.. In feniale moths, there vas a distinct calling behavior 
which started "h en it got dark in the evening. Mating started 6.5 hours after the initiation of darkness. 
Peak matings occurred between 7 and 7.5 hours after the onset of darkness. Mo! t adults emerged 
front pupae one hour aftr initiation of darkness and fe\, malcd later during the same night but most 
mated the following night. Three- to four-day old virgin females attracted a greater number of nales 
than the younger or older ones. Virgin fe'nvtiles of six lays and older failed to attract males. 'hese 
data can be utilized for isolating the SPVB sex pheroF-one in future studies. 

Introduction 

The sweetpotato vine borer (SPVB). ()mphi.a ana.vno,,.aii.s ((;uene) (Ilepidoptcra:Pyralidae) 
lays eggs on f6lii!ge and tender stems and its larva bores into the main stein leading to the roots and 
sometimes feeds and pupates inside the roots. Severely tunneled vines show weak growth, poor foliage 
which appears yellow and wilted daring r.uny days, and poor root growth. In Taiwan, mainly on 
Penghu Island, over 89,( of' the plants sustain damage and yiehl reduction is about 5( . 

Because of the severity of danmage, suitable control measures are necessary. Any control measure 
must take into consideration the fact that sweet potato is a low value crop and, hence, frequent 

http:Onphi.sa
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insecticide applications are not economical. The utilizat" - ,-f sex pheromone to monitor, trap or confuse 
the male insects is a good alternative to the use of chemicals. This method is also widely used in 
the control of several other insect pests. Since no information exists on the sex pheromone of SPVB 
and a preliminary test in 1986 indicated the presence of the female sex pheromone, various aspects 
of sex pheromone activity in this insect were studied in this experiment. 

Materials and Methods 

Insect rearing. SPVB larvae were collected from sweet potato plants on the AVRDC f'arn. 
The larvae were reared in the laboratory onl sweet p','...!o roots, which were replaced once every three 
to lour days until the larvae pupated. The pupae wre cllected by cutting open tihe roots and separating 
the males Irom fe males based on their mnirph Ihgi cal Lharactcrs (Fig. II ). Newly emerged un mated 
adults (Fig. 12) were either used for the sex lcromnone study or the nales and females were placed 
in a cage (30 cini ) containing a branch of sweet potato plant l',r two-day mating. The insects were 
then transferred to an acrylic jar lined with paper Ibr o\iposition and the larvae reared on pieces of 
sweet pttao roo)ts. 

I . -.. \ 

S A 
Fig. 12. Male and female adults of Omphisa

anastomn~alis. 

!f 

"[1. 

Fig. 11.
 
External morphological characters of female
 
and male pupae of 0. anastomosalis.
 

rating periodicity. A large number of pupac ' crc collected and placed mdi vidually il small 
pi istic ttips,. Their sex was detlermined hw tile mtorphological characters ol the pupac. Immediately 
after emergence, the adults were also Cxan illied Io ,' nI/1liii their Scx. NIales and llial cs \were Ilintained 
separately and onc-day old adults were used for the mating periodicity sludy. One male and female 
each vserc confiried in an acrylic jar 115 cm dianieter. 30 clii height) the top of which was enclosed 
with muslin cloth. An alsorbant cottton plug dipped ill sugar sointion \Nils placed inside the jar to serve 
as f(ood source. Insects were ohscrcd once every 3) miin during a 24-hour period and the nunber 
of inlirgs were ree(crded. To facilitate observation during the dark. a weak red light laip was used. 
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Adult emergence periodicity. A large number of SPVB pupae were collected from laboratory 
rearing and separated into males and females. They were then placed individually in small plastic 
containers. Adult emergence was observed every hour during a 24-hour period and the number of 
adults that emerged during each hour was recorded. 

Female 	age study. This experiment was conducted both in the laboratory and in the field. 
Virgin females, ranging from 0 to 7 days old were used in the experiment. One female of each age 
group was placed in each of the five sticky paper traps. The traps were placed 60 cm above the soil 
surface in the field at 5 P.M. and the number of males captured in each trap was recorded at 7 A.M. 
the following day. 

In the laboratory test, virgin females with ages ranging from 0 to 5 days were confined individually 
in acrylic jars (15 cm diameter, 30 cm height). One unmated zero to two-0ay old male was then 
introduced in each jar containing the female. The jars were covered with muslin cloth and an absorbant 
cotton plug dipped in sugar solution was placed inside to serve as food. After 24 hours the females 
were dissected open to observe the presence of spermatoph:res to judge the mating. 

Results and Discussion 

Mating periodicity. During the day the SPVB adult remained motionless. Adult activity began 
ait the onset of darkness at around 7 P.M. The moth started to move its antennae backward and forward 
and took short flights around the cage or container. The female initiated the calling behavior to attract 
the male about three hours after the on;et of darkness. The calling behavior of SPVB female is illustrated 
in Figure 13. The tip of the abdomen was raised slightly during the night (Fig. 13A). A glandular 
section flexed from the tip of the abdomen and remained exposed for a period of time (Fig. 13B). 
The female then curved its abdominal tip with the flexed glandular section still exposed (Fig. 13C) 
and wiggled it right and left (Fig. 13D). This behavior could be associated with the release of sex 
pheromone in search for the mate or searching of a suitable site for oviposition. There is, however,
no proof yet to this effect. 

The mating periodicity of SPVB is illustrated in Figure 14. In the first test. the mating began 
6.5 hours after initiation of darkness, with peak activay occurring at 7 to 7.5 hours after the beginning
of darkness. In the second test, mating started slightly earlier, fo'ir hours after the beginning of darkness, 
but it still peaked at about the same time as in the first test, seven hours after dark, 1:30 to 2:30 
A.M. It is possible that due to the larger number of insects used in the second test, the mating period 
was slightly widely distributed than in the first test. It is safe to conclude that the mating period of 
0. anastomosalis is between four and seven hours after the initiation of darkness. 

Adult emergence periodicity. The results of the emergence periodicity of'SPVB adults over 
a seven-day period are :;umnarizcd in Figure 15. There were two peaks per 24-hour cycle; the major 
peak occurred one hour after the initiation of darkness and the minor one eight hours later. Most 
of the insects emerged between 7:00 A.M. and midnight; a small portion emerged between 4:00 and 
6:00 A.M. Mating period which was confined between 11:00 P.M. ind 3:00 A.M. was related to 
the emergence periodicity. It is likely that some insects that came out at the bzginning of the emergence 

A 	 B C D 

Fig. 13. 	Calling behavior of 0. anastomosalls.A)Tip of the abdomen Is raised 
slightly; B) Abdominal tip remains exposed for a period of time; C)
Abdominal tip is bent downwards with tip still exposed; and D)
Abdominal tip is then wiggled right and left. 
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period were iexually mature and they mated dur;ng the samc night. This was also evident from the
fenale age study, wherein some insects were found mating the same night they emerged. Most,
however, seemed to mate the following night. Tliere is, however, no definitive proof of the proportion 
of mating in each occasion. 

Female age study. The results of the study on the virgin female's age in the release of sex 
pheromon- are summarizeJ in Table 15. Males were attracted to virgin females with aLes ranging 
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from immediately after emergence to five days after emergence. Six- and seven-day old females failed 
to attract any males. These results, obtained from the field study, were also corroborated ;1y (..,servation 
in the laboratory where it was found that only zero to five-day old females mated s,_,cessfully. In 
general, three- to four-day old females attracted more males. It is likely that three- to fcur-day old 
females produce a maximum amount of sex pheromone. This age group in females is, therefore, ideal 
tbr extraction f, pheromone or comparison of the effectiveness of synthetic pheromones. 

The results of matings of various aged females are summarized in Table 16. One-day old females 
mated far less frequently than the older ones. Most of the virgin females seemed to initiate releasing 
pherom)ne one day after emergence and mated during this period. Only a small portion mated Ibur 
hours after emergence. 

Table 15. Influence of vlrgn 'emale age on the capture of males in femaie-balted 
traps. 

Number of males captured/trap baited with females of various ages (days)
0 1 2 3 4 5 6 7 (days) 

87/7/21 4.4 1.6 1.4 4.6 6.4 2.2 0 0
 
87/7/22 0 1.) 1.5 4.0 1.7 0 0 0
 
87/7/23 0 0 0 0.3 1.5 1.7 0 0
 

Zata are means of five traps. 

Table 16. Mating frequency of SPVB females of various ages. 

Age No. pairs No. of pairs Mating 
(days) observed mating (%) 

0 22 2 9 
1 21 1i 52 
2 8 2 25 
3 5 2 40 
4 5 1 20 
5 10 4 40 



Sweet Potato Pathology 

Resistance Screening for Sweet Potato Scab 

Summary 

Sweet potato scab is a particularly serious fungal disease in the wet, humid tropics. Several 
experiments were conducted to compare field resistance screening trials at two locations, to study
the feasibility of a seedling screening test and to compaie scab evaluation methodologies. A number 
of sweet potato cultivars were rated highly resistant to scab at both the Hualien and AVRDC test 
sites. A scab epidemic suitable for resistance screening can be induced at AVRDC, even though scab 
is not normally endemic. A seedling screening test isnot feasible at this time. For greenhouse screening 
tests, the selected scab rating system evaluates the percentage of diseased stems and petioles. Under 
field conditions, the preferred rating system is a 0-5 scale, where a value of I indicates a level of 
disease similar to or less than the highly-resistant standard check cultivar, V2 30, and a value of 4 
indicates a level of disease similar to the highly-susceptible standard check cultivar, TN New 31. 

Introduction 

Sweet potato scab, caused by Elsinoe ba was, is especially severe in wet, humid tropical
environments. A scab resistance screening project was initiated at AVRDC in 1985, and a greenhouse 
mass-screening technique was developed. Some cultivars resistant to scab have already been confirmed 
in several screening tests both in the greenhouse and in the field. In this year, disease resistance screening 
was conducted under field conditions in both Hualien and AVRDC to determine if an environment 
suitable for a scab epidemic can be induced at AVRDC. A trial to study the feasibility of determining 
the level of scab resistance in seedling plants was conducted in the greenhouse, where seedlings were 
compared with cuttings taken from the same seedling after transplanting in the field. In addition, four 
promising evaluation methods were compared in the field and in the greenhouse screening trials. 

Materials and Methods 

Field resistance screening. The same cultivar and field design were used in two locations. 
The trials were planted in Hualien on 12 May 1987 and in AVRDC on 9 June 1987. The plot size 
for each tested cultivar was 1.5 x 2.5 m and contained nine cuttings of the test cultivar and one scab
infected cutting of TN New 31 (moderately susceptible check inoculum source). These scab-infected 
cuttinigs were inoculated with a spoie suspension of E. batatas originally isolated from Hualien. Two 
replications were used for each trial which contained 207 test cultivars. The trial conducted at AVRDC 
was irrigated by an overhead sprinkler system for 15 in, twice daily at 0830 and 1600 hours, and 
five days per week. Disease intensity was evaluated on I October at AVRDC and 6 October at Hualien 
using a 0-5 scale, where scab levels in the test lines that were similar to TN New 31 were rated as 
4, and those similar to V2-30 (highly-resistant check) were rated as 1. 

Seedling test. The seeds, 250 from each cross of CN 1825 and CN 1745, treated with 98% 
sulfuric acid for 30 iun and rinsed overnight in running water, were planted on 13 February 1987. One 
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month later, 96 uniform seedlings were selected from each cross and divided into four replications. 
Each replication also contained one-month old cuttings of V2-30, 16 and CN 1108-13 as checks. 
On 24 March 1987, all seedlings and cuttings were uniformly inoculated by a spore siispension of 
7.5 x 10 spore/mIl of the Y.S. isolate and transferred to an inoculation chamber for three days. Seedlings 
and cuttings were evaluated 10 days after inoculation by using the rating system of disease area 
percentage of stem and petioles (SP) distal to the first fully expanded leaf. On 3 April all inoculated 
seedlings were sprayed with benlate and transferred to the field with 1.5 x 2 fi spacing. To obtain 
enough cuttings, at least one cutting was taken per seedling, and rooted next to the mother plant after 
transplanting. 

Becaiise of space limitatior';, the 120-seedling clones from crosse- of CN 1745 and CN 1825 
were ev aluated in four batches, each containing cuttings of 11 to 20 randomly selected clones from 
each cross. The remaining seedling clones (72) were not tested due to poor growth in the field. In 
each of the four trials, there were four replications with 3 to 6 cuttings per replication. In each 
replication, I 6, V2-30 and CN 1108-13 were used as checks. Cuttings were inoculated by a spore 
suspension of I X 106 spore/nil of the Y.S. isolate one month after rooting, and evaluated 10 days 
after inoculation by using the diseased area percentage of the stem and petioles (SP) distal to the first 
fully expanded leaf. All of the inoculated cutting tests were held in the incubation chamber for three 
days. Tae sweet potato scab rating system data from both the seedling and cutting trials were 
standardized by dividing the rating of each test plant by the rating of the susceptible check cultivar. 
1 6, in the same replication before performing the regression analysis. 

Comparison of scab evaluation methods. Four different evaluation nihods were 
compared, including the susceptibility rating systems (SRS) as described last year, diseased percentage 
of stem (S). an' of stem and petiole (SP) distal to the first expanded leaf, and 0-5 scale system as 
described in section 'A' of this report. Ten cultivars representing a range of susceptibility or resistance 
were evaluated in the field using the fotlr ev duation methods, and in the greenhouse using three of 
the methods (SRS, SP, S). For the evaluation in the field, five vines were randomly selected in the 
middle of the plot for each replication and each cultivar. A regression analysis was used to compare 
the relationship between the different scab evaluation methods. 

Results and Discussion 

Field resistance screening. In the field screening trial, severe scab epidemics occurred 
in both Hualien and AVRDC (Table 1). In general, a higher disease severity was observed at AVRDC. 
Eighteen cultivars had resistance levels that were not significantly different from V2-30 (resistant check) 
and were significantly diflerent from TN New 31 (susceptible check) in both locations (Table 2). The 
Green Island series cultivars whose resistance was identified under greenhouse condition was confirmed 
is highly resistant in the field. The resistance level in most cultivars was not significantly different 
from the susceptible check. Heav) precipitatiov appeared to be necessary for the development of a 
scab epidemic. The overhead irrigation was only partially effettive in inducing an epidemic in the 
absence of prccipitation. A scab epidemic suitable for disease resistance screening and evaluation can 
be induced at AVR )C during the summer rainy season. However, the correlation coefficient (r2 = 
0.596**) of the regression analysis between the scab rating at Hualien as th,2 independent variable 
and at AVRDC as the dependent variable, while significant, indicates that only a small part (r2 = 
0.355) of the total variation is explained by these two variables. Therefore, cultivars selected as resistant 
in one season will need to 'e tested in other environments to identify the clones with stable resistance. 

Seedling test. The correlation coefficient of the regression between seedling disease rating 
and cuttings rating is only 0. 1585 and not significant. The scab resistance evaluation of individual 
seedlings apparently does not represent the clone's level of resistance as determined by (ie cutting 
screening technique. 

Comparisoi of scab evaluation methods. The correlation coefficients of the regressions 
between the SRS rating system, which is considered the system that most accurately represents the 
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Table 1. Susceptible cultivars identified in two locations. 
Location 

Name Acc. no. Location Source
Hualien AVRDC
 

P1 324889 155 4.5 y 4.5 USA
 
P1 288632 186 
 4.0 4.5 New Zealand 
Diriri bliriri 1972 4.0 4.0 Fiji
B 6708 1122 4.04.0 USA
P1 318855 1103 4.04.0 Peru
Minamniyutaka 1970 4.04.0 Japan
Illula 1971 4.0 4.0 Fiji
Kuriva 1 1930 4.0 4.0 Papua New Guinea
TN 57 157 4.0 4.0 Taiwan
 
TN 66 1981 4.0 4.0 Taiwan
 
AIS 35-2 1989 4.0 4.0 AVRDC
 
Gausar Var. 11069 4.0 3.5 Taiwan
Merenge 1846 4.0 4.0 Papua New Cuinea
 
TN 67 4.0 4.0 Taiwan
 
CN 1370-7 4.0 4.0 AVRDC breeding line 
CN 1508-93 4.5 4.0 AVRDC breeding line 
CN 1510-25 4.0 4.0 AVRDC breeding line
CN 1108-13 4.0 4.0 AVRDC breeding line 
CN 1701-33 4.0 4.0 AVRDC breeding line 
CN 1645-20 4.0 3.5 AVRDC breeding line 
TN New 31"
 

ZSusceptible check cultivar. YO-5 scale: I = highly resistant and 5 highly susceptible. 

Table 2. Cultivars Identified as highly resistant to scab in two locations. 
Location
 

Name 
 Acc. no. L t SourceHualien AVRDC 
V2-30z 11175 1y 1 Philippines
V2-1 11173 1 1 Philippines
TIS 2498 1949 1 1 IITA, Nigeria

GI 6 1 1026 1 1 Taiwan
 
GI 13 
 11213 1 1 Taiwan
 
GI 19 11219 1 1 Taiwan
 
K 7 1944 1 1 Papua New Guinea
 
K 61 1943 1 1 Papua New Guinea
 
No. 1 1673 1 1 Papua New Guinea
 
Five-mun 1849 1 1 Papua New Guinea 
71-1 
 1 1 Japan

71-4 
 1 1 Japan

71-7 
 1 1 Japan

Lae 2 I483 1 1 Papua New Guinea
 
Ilimo 1 I934 1 1 Papua New Guinea
 
Markham I844 1 1 Papua New Guinea
 
CN 1618-461 
 1 1 AVRDC breeding line 
CN 1828-6 1 1 AVRDC breeding line 
CN 1232-9 1 1 AVRDC breeding line 

ZResistant check cultivar. YO-5 scale; 1 highly resistant and 5 = highly susceptible. 

level of scab resistance in aclone, and the other two systems, SP and S,under greenhouse conditions,
indicate that both rating systems are high', correlated with the SRS system. However, the SRS/
SP correlation explains a higher degree of the variation (r = 0.9386) than the SRS/S correlation
2
(r 0.8832). Therefbre, the SP rating system has been selected lbr the greenhouse screening 
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tests. The SP rating system is considerably !ess complicated and time-consuming than the SRS 
system. 

The correlation coefficients of the regressions between the SRS rating system in the field and 
the other systems, SP, S and 0-5 scale are 0.842c), 0.8785 and 0.8312, respectively. All of the correlation 
coefficients are highly significant, and also indicate a good relationship between the different rating 
systems. Therefore, the 0-5 scale rating system. or a modification, has been selected for field evaluations 
because it is simple and fast. 

The corriation coefficients of the regressions between the SP greenhouse ratings and the SRS, 
SP, S and 0-5 scale field ratings are 0.8819, 0.8726, 0.8556 and 0.8125. respectively. All of the 
correlation coefficients are highly significant, and also indicate a good relationship between the field 
and greenhouse ratings. 

Virus Elimination and Indexing at AVRDC 

Summary 

Virus elimination and indexing has been accomplished for the first set of promising AVRDC 
breeding lines. It took 21 months to complete the procedure from sprouting to distribution. This set 
was not heat-treated. Another 134 lines (comprising AVRDC breeding lines Set ii, part of the Thailand 
germplasm collection and some AVRDC accessions) are ready for graft indexing. These lines have 
not been heat-treated. Several other batches comprising 47 lines from China, Puerto Rico, Papua New 
Guinea, Peru and Nigeria have been heat-treated and subjected to meristcm culture and are now ready 
for virus indexing. All antiscra (FMV, SPYDV, SPLV and SPV 11)used for virus indexing have 
been produced at AVRI)C. 

Introduction 

A virus elimination and virus indexing procedure for sweet potato was initiated in 1985 with the 
completion of a quarantine screenhouse donated by IBPGR. However, only after major modifications, 
which included the setting up of a tissue culture room, a transfer room, a growth room, a heat chamber 
and an autoclave room were completed in spring 1987 could the virus elimination and indexing scheme 
be fully implemented. 

The procedure initially adopted was based on general knowledge on virus elimination and indexing 
of sweet potato and other crops and on infformation available at the time on sweet potato viruses, 
some of which were based on AVRDC experiences. The procedure will be further improved, as more 
information becomes available from experiments. 

Materials and Methods 

The virus elimination and indexing scheme is shown in Figure 1. 

Virus elimination. Initially, virus elimination was by meristem-tip (0.3 am) culture only. 
With the establishment of facilities for heat treatment, all materials are now first subjected to heat 
for two months in a growth room where conditions are 37°C, 70-78% RH, 3. I Klux illumination 
at a 12-hour photoperiod. Prior to heat treatment, vigorously growing shoots are first acclimatized 
by keeping them at 30'C for one week, followed by two days each at 32' and 35°C. After the two
month heat treatment at 37°C, mcristems of 0.3 nin are excised and tissue cultured on Love ct al. 
medium (1987). The explants are then transferred to Kuo et al. mcdium (1985). 

Virus Indexing. Virus indexing is done by two ELISA tests, using antisera to FMV. SPYDV, 
SPLV and recently to SPVII. All antisera have been produced at AVRDC. The first ELISA (El) test 
is done on tissue-cultured plantlets at the 4-5 leaf stage. The second ELISA test (E2) is done on tissue
cultured plantlets, derived from 1cm stem tips of El negative plantlets. In addition to the two ELISA 
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tests, two graft indexings are also performed on mature plantlets derived from the remaining portions
of the El negative plantlets. 

Only plantlets derived from El and E2 and Graft I and Graft 2 negative plants are kept and 
propagated for distribution. 

SWEET POTATO VIRUS INDEXING AT AVRDC 

ORIGINAL. I MERIS','EM ' I 
PLANT MATERIAL STEMTIP STEMTIPI 2 

"VN PLANTLET PLANTLET
 

ELISA I ELISA 2 STORAGE 

NE.NEG. 
 PERM. STORAGE 

GROW OUT 
 ROOUTM
 

OR OW MULTIPLICATIONPLANTLET 
 PLANTLET
 

I 
FDISTRIBUTION 
(TUBE) 

BLOCK 

NtEG AUGHTER 

/ 

Fig. 1. Sweet potato virus Indexing scheme developed at AVRDC. 

Results and Discussion 

The overall status of the sweet potato lines subjected to tihe virus elimination and indexing scheme 
described above is shown in Table 3. The first set o)f25 AVRDC breeding lines is available for
distribution. Most o)ther lines will be ready for distribution by September 1988. A summary of the 
results of the first ELISA test of these lines is shown in Table 4. 
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Table 3. 	Overall status of the sweet potato virus elimination and Indexing scheme at 
AVRDC (as of December 1987). 

Present status of virus elimination and 
indexing at AVRDCMaterial Date Recd. No. Root 

El zHeat Merist. G1 G2 E2 Mult. Distr.
 
AVRDC 1985 25 25 - X X X X X X X (Sept. 87)
 
Breed. Line I
 
(SC) y 

AVRDC Nov. 86 16 16 - X X X
 
Breed. Line II
 
(SC)
 

Thailand Nov. 86 100 91 - X X x
 
Germplasm
 
(SC)
 

AVRDC Apr. 87 18 18 - X X X
 
Acc.
 
(SC)
 

China May 87 5 5 X X X
 
Breeding Lines
 
(TC)
 

Puerto Rico Jun. 87 15 9 X X X
 
(Root)
 
(ST.R)
 

Papua New Guinea Sept. 87 17 17 X
 
(SC)
 

CIP (Peru) Oct. 87 6 6
 
(TC)
 

IITA (Nigeria) Oct. 87 10 10 
(TC) 

ZEl = ELISA 1, E2 = ELISA 2, GI Graft 1, G2 = Graft 2. YSC = stem cutting, TC = plantlets in tissue culture, 
ST.R storage root. 

Table 4. Summary of ELISA 1 test of meristem-derived sweet potato materials. 

AVRDC AVRDC Puerto Thailand
 
BL 2 Acc. RicoZ
 

No. of lines meristemed 16 13 6 85
 

Total no. meristemed 	 300 91 40 1045 

Meristems survived 	 146 50 24 472 

Meristems tested 	 146 50 24 472 

No. virus-infected plantlets 26(18%) 24(48%) 3(12%) 203(43%) 
% positive FMV 0.7 22 4.2 4.8 
% positive YDV 11.6 12 0 21.6 
% positive LV 6.2 24 4.2 15.0 

,% positive SPVll 4.1 8 4.2 15.9 
ZPuerto Rico materials were heat-treated. 

A summary of the ELISA and graft indexing for the first set of AVRDC breeding lines is shown 
in Table 5. A large percentage of meristem-derived plantlets still contains virus, particularly SPLV 
and SPYDV, which would indicate that these viruses are present in the meristematic tissue. Excision 
of a smaller meristem might be helpful in reducing the percentage of virus-infected plantlets. This, 
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Table 5. Summary of ELISA and graft Indexing results of AVRDC brmeding lines (Set 1). 
Table 5a. ELISA 1 test of merlstem derived plantlets. 

Total no. of lines 25 
No. of meristems excised 
No. of meristems survived 
Virus-infected plantlets 
% infected with FMV 

498 
328 

88 (26.8%) 
1.3 

% infected with SPLV 17.0 
% infected with SPYDV 20.2 

Table 5b. Graft 1 test of ELISA 1 negative plants. 

No. of plants subjected to grafting 51 
No. of virus-infected plants 8 (14.5%)
% positive FMV 3.7 
% positive SPLV 0 
% positive SPYDV 3.7 

Table 5c. ELISA 2 test of plantlets derived from stem tips of ELISA 1 negative plantlets
(ELISA 2). 

No. of plantlets tested 43
Virus-infected plants 7 (16.3%)
% positive FMV 2.3 
% positive SPLV 14 
% positive SPYDV 0 

Table 5d. Graft 2 test of negatively El- and Gl-indexed mature plants. 
Total no. of plants grafted 36 
No. of virus-infected plants 1 (2.7%)
% infected with FMV 2.7 
% infected with SPLV, SPYDV 0 

however, would probably mcan alower percentage of neristem survival. Presently, with the 0.3 mm 
meristems excised, the survival rate is approximately 61%. 

A heat treatment of 37'C f(,r two months is likely to be more cffective in reducing virus-infected 
explants while not reducing the sL,.'vival rate of the meristems. The first batch of lines which was 
heat-treated prior to excision of the meristenis was found to have a lower percentage of virus infection 
than those which originateu from nonheat-treated plantlets. However, even with the combined heat 
treatment and use of meristem, viruses are apparently still not completely eliminated. 

A longer heat treatment of three to four months or a heat treatment at higher temperatures may 
prove more efficient in virus elimination, although it prolongs the already lengthy virus elimination 
and indexing scheme presently used which takes from 16 to 21 months. 

The ELISA test isvery useful in eliminating virus-infected plantlets (Table 5a). The EIISA plants
thus selected for virus indexing have a much smaller chance of being contaminated with virus. The 
percentage of virus-infected plants is reduced with every further indexing step. However, even in 
E2 16% of the plantlets were found to be still virus-infected. 

ELISA tests do not provide absolute positive or negative results. Using a number of different 
individuals for healthy and positive standards usually results in a bimodal distribution of negative 



206 AVRDC Progress Report 1987 

samples with low absorbance values and positive ones with high absorbance values. The two standard's 
are separated by a large interval of absorbance units. When a large number of samples was tested, 
however, its absorbance values did not clearly fall within either range but were rather distributed 
between both ranges (usually more towards the negative side), thus making it diftficult to establish 
clearly negative plants. 

The positive/negative threshold used in AVRDC tests was set at 2X the absorbance of healthy 
plants which may have resulted in somc false positives. However, to avoid missing any virus positive 
plants, a lower negative threshold was set. 

The stock plantlets of the first set of breeding lines now ready for distribution were tested by 
an additional ELISA test (E3) to ascertain the absence of virus. None of the plantlets produced a positive 
ELISA reaction. Furthermore, all the grown Out plants that were negatively indexed in both grafting 
and El and E2 tests were additionally tested by grinding up five randomly chosen leaves and 
mechanically inoculating these to N. be'nitamitma. None reacted positively. It was thus assumed that 
the materials sent out were free of detectable virus. In the meantime, the ELISA tes. procedure was 
changed. DAS ELISA was replaced by an indirect ELISA, which has proved to be more sensitive 
and which also produces less background. 

Furthermore, when absorbance values are very near those of the negative checks, it becomes 
difficult to decide whether to classify them as negative or as very weakly positive. With meristem
derived plantlets, it is quite possible to have extremely low virus concentrations. When only very 
few virus particles were present in the meristems, they established very slowly, a phenomenon also 
observed for tissue-cultuired Solatnum tuberositn. 

Comparison of Two Growth Media for Sweet Potato Meristem Culture 

Summary 

A new standard medium (medium L) had been proposed by IBPGR for swet potato tissue culture. 
The use of this medium resulted in 417%of the meristems developing into viable plantlets compared 
to 53% for the AVRDC standard medium (medium K). However, when explants were first placed 
on medium L and then transferred to medium K,approximately 61 %of the meristems produced viable 
plantlets. The combination of these two media therefore has now become a standard use at AVRDC. 

Introduction 

A medium for culturing sweet potato tissue was developed by Kuo et al. in 1985.1 This medium 
has become a standard at AVRDC. even though past experience has shown that it is rather genotype 
dependent. This year, the IBPGR proposed a new standard medium (Love et al. 1987)2 for sweet 
potato tissue culture. The purpose o!" this study was to compare the effect of the two media on the 
growth and development of meristem tips. 

Materials and Methods 

The grow'l- of 16 AVRDC breeding lines and 20 lines from Thailand on standard medium (Medium 
K, Kuo et al. 1985) and the new medium proposed recently for sweet potato tissue culture (Medium 
L. Love et al. 1987) was compared. The composition of the culture media tested is shown in Table 6. 

At least 10 meristems o each sweet potato line were excised and cultured in each medium. The 
explant (approximately 0.3 mm size) consisted of the meristemnatic dome with two leaf primordia. The 

IKuo,C.G.. B. Shen. NI. Shen. S.K. Green and I). R. L.ee. 1985. Virus-free sweet potato storage roots derived fronmrneristern 
tips ard leaf cuttilgs. Scientia Hor. 26 :23 -240. 
l-ove,S.L., I-.B. 1987. MeristerRhodes and J.W.Moyer. culture and virus indexing ol sweet potatoes: Practical Manual 
fhr Handling Crop Germiplasni invitro I. International Board for Plant Genetic Resources. 
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explants were transferred to fresh medium every four weeks. In the case of medium L, the explants 
were first grown on mediun containing NAA and BAP, and then transferred to a medium without 
these growth substances. The cultures were maintained in a growth room at 24-26°C, 4.7 Klux 
illumination (using fluorescent plant growth lights) and a 12-hour photoperiod. Growth was recorded 
monthly The final observation was made four to five months after excision. 

Results and Discussion 

It was shown in this experimcnt that growth of sweet potato explants in tissue culture is highly
genotype-dependcnt. Some cultivars showed better growth in medium L, while other cutivars apparently 
grew better in medium K. It was, however, observed that medium L was not superior to mediun 
K which had been used at AVRDC (Table 7). More viable shoots and roots were found to develop 
on medium K. On medium L the percentage of cxplants with abnormal growth or no growth was 
much higher than on medium K. The percentage of explants developing into callus tissue was similar 
on both media. However, it was observed that the callus produced from explants on medium L contained 
several buds which failed to develop further into shoots upon transfer to another medium. A large 
proportion of these small buds were able to develop into viable shoots when they were tran,,ferred
to medium K. Subsequently, the explants were first placed on medium L and then transferred to medium 
K. This method is superior to either medium alone, in producing a large number of viable plants.
Sixty-one percent of the excised Ineristcms grew to produce viable plantlets when first placed on medium 
L and then transferred to medium K. 

Table 6. Medium formulation 

Component (rag/I) Medium L Medium K(Love et al. 1985) (Kuo et al. 1985) 

zSaltbase MS MSy 

Sucrose 50,000 30,000

Myo Inositol 100 100
 
Nicotinic Acid 0 
 0.5
Pyridoxine HCI 0 0.5 
Glycine 0 2.0 
Thiamine HCI 2.0 0.1
 
Adenine Sulfate 0 0
 
Na2 EDTA (additional) 37.3 0
 
GA3 _
-

NAA 0.03 b -

IAA  1.0 
BAP 0.03 b 
Kinetin - 1.0
 
Agar 7,000 7,000

pH 5.2 5.7
 

/Murashige and Skoog. 1962. A revised medium for rapid growth and bioassays with tobacco tissue cultures.
Physiol. Plant 15:473-497. YTransfer medium consists of all components except growth regulators. 

Table 7. Comparison of two culture media for the growth of sweet potato explants. 

Medium K Medium L
 
Total no. of meristerns tested 395 
 386 

No growth or abnormal grcwth (%) 7.2 28.8
 
Callus (%) 32.3 28.5 z
 

Roots (%) 7.6 2.1
 
Callus + viable sh,ots i ruuts (%) 52.9 
 40.6 

ZCallus with buds which, however. (lid not develop further. 
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Use of Cytokinin-Containing Liquid Media for
 
Rapid Mass Propagation
 

Summary 

To achieve large numbers of aseptically propagated plants of AVRDC elite breeding lines required 
for distribution, a rapid in vitro propagation medium is needed. Three different cytokinin-containing
media were tested on excised stem pieces, each containing one axillary bud in liquid culture. A medium 
which released the axillary bud from apical dominance and promoted the development of numerous 
buds that developed into viable shoots and later, plantlets, was found. 

Introduction 

Since the elimination ot viruses through tissue culture does not result in immunity, it is essential 
to propagate the cured plants under sterile conditions. Obviously, reinfection is prevented as long 
as the plantlets remain under aseptic conditions. It is, therefore, advantageous to maintain stock materials 
in vitro. To obtain the large number of plants required for distribution of AVRDC elite breeding lines, 
a rapid in vitro propagation method is needed. At AVRDC plantlets regenerated through meristem 
culture have been propagated on Kuo et al. solid medium by stem sections, each containing one axillary 
bud. It is known that Lytokinins can release axillary buds from apical dominance and allow them to 
develop into multiple shoots. If cytokinin is then eliminated from the medium, the bud; root and produce
normal plantlets within a few weeks. The effectiveness of cytokinins for the rapid multiplication of 
sweet potato plantlcts was investigated. 

Materials and Methods 

Plantlets of 25 AVRDC sweet potato breeding lines regenerated through meristem culture were 
tested. When the plantlets were at the 4-5 leaf stage, two stem pieces, approximately I cm in length, 
were excised and placed in a horizontal position in 125 ml Erlenmeyer flasks containing 10 ml liquid 
medium (Media A, B and C). The flasks were maintained in a growth room, with 25.5 to 27.5°C 
and 4.2 Klux illumination at 16-hour photoperiod. The flasks were shaken at 100 rpm to enhance 
the removal of axillary bud dormancy. 

The basic medium composition is shown in Table 8. Different combinations of BAP and NAA 
were tested. 

Results and Discussion 

The results are summarized in Table Q. 
Medium A was not effective in promoting axillary buds. After two months, 16 of the lines 

completely stopped growing, 3 produced callus only while the remaining 6 produced large callus tissue 
and small malformed shoots. 

Table 8. Composition of basic liquid medium for regeneration of sweet potato plantlets 

from stem pieces. 

Constituent mg/I 
M & S salts (minus Na2 EDTA) 1/2 strength 
Na2 EDTA 37.3 
Thiamine HCI 0.4 
Pyridoxine HCI 0.5 
Nicotinic Acid 0.5 
Glycine 2.0 
NAA 0.5 
BAP 2 
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Medium B appeared somewhat better. After three nonths all stem sections survived. However, 
a large proportion (15) of these produccd only callus. Four produced callus and small buds and two 
produced a shoot which, however, was malformed. Only four lines produced roots and buds which 
later developed into viable shoots. 

Medium C was fbund to be the best medium of those tested. Most stem sections produced numcrous
buds and roots and no callus. An average of 5.8 buds were Formed from each axillary bud. All the 
buds later developed into viable shoots. 

Medium C will now be routinely used for rapid multiplication, although sone modifications in 
the medium composition may have to be made to reduce the number of transfer and media. 

Table 9. Results of sweet potato tissue culture in liquid medium. 
Entry Medium Az Medium By Medium Cx 

1-57 callus bud (9) & root: callus & bud(10) & small root
 
small bud(M)w
1-66 callus callus bud(3) & root
 

1-1 -3 callus callus bud(7) & root
 
CN 942-47 no growth callus 
 bud(l) & root (brown)
N 1028-15 callus & small shoot(M) callus bud(3) & root & callus 

CN 1038-16 no growth callus bud(5) & root(M)

CN 1058-10 no growth root & bud (2 )v; root & bud (3) bud(l) & root

CN 1108-13 no growth 
 callus & small bud (1) browned 
CN1216-10 no growth callus bud(3) & root
 
CN 1219-1 callus & small shoot(M) callus coiitaminated
 
CN 1232-9 no growth callus bud(7) & root
CN 1280-3 callus & small shoot(M) root & bud ,3) b d(7) & small root

CN 1345-8 no growth callus bud(l) & root
 
CN 1367-2 callus & small shoot(M) little shoot (M) bud(7) & root
 
CN 1421-56 no growth callus & shoot (3) NTU

CN 1421-68 no growth callus & small shoot (M) NT
 
CN 1424-9 no growth callus (brown) NT
 
CN 1424-36 no growth many shoots (10)(M) bud(3) & root

CN 1448-49 callus & small shoot(M) callus callus & bud(l) & root
 
CN 1489-43 callus & small shoot(M) shoot (2)(M) bud(9) & root; some
 

malformed
 
CN 1489-89 no growth callus bud(20) & root

CN 1508-84 no growth callus 
 bud(5) & root
CN 1510-25 no growth callus bud(3) & root
 
CN 1517-139 no growth callus NT
 
CN 1525-11 no growth callus & small shoot (2)(M) NT
 

Basic medium (Table 1). YThree weeks on basic medium, then transferred to basic medium with no NAA and BAP 0. 1 mg/.
After four weeks transferred to basic medium with BAP.4 mg/l and NAA 0.5 mg/l. xTwo weeks on basic medium minus NAA
and BA'. Transfer to hasic medium minus NAA, but BAP 0. 1 mg. After two weeks changed to basic medium with 0.4 mg/I BAP. 
0.5 mg/l NAA WM = malformation VNuniber in pareithesis is (ite no. of respective tiSSues LNT not tested. 

Comparison of Meristem-Derived and Conventionally
 
Propagated Sweet Potato Plants
 

Summary 

Stem cuttings of meristem-derived and vegetatively propagated plants were grown in the field 
in a nonreplicated trial to obtain an indication of the vigor of the mcristem-derived plants and of possiblc
mutation of morphological characters. The meristem- derived plants did not differ in overall morphology 
from nonmcristem-derivcd plants. Yields were generally comparable. 

Introduction 

Meristemn culture, which usually involves the formation of some callus tissue, may result in genetic
v%-riability of morphology or other biochemical characters. This subject was investigated in this 
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preliminary study by comparing the growth of meristen- aned nonmeristem-derived sweet potato plants 
in the field. This is expected to provide a general indication of the vigor of the meristem-derived plants. 

Materials and Methods 

Seventeen of the 23 AVRDC breeding lines, which had bcen subjected to meristem culture and 
virus indexed at AVRDC, were compared in the field with conventionally propagated plants of the 
same lines. These plants were not tested fbr virus, hence it is not known whether they were virus
infected or not. Of each line, five 30- to 40 cm long stem cuttings were planted on 26 May 1987 
in 1.5 x 2 in plots. The distance between plants was 40 cm. 

Insecticide spraying was done every three weeks with Furadan 3G. On 19 Octobc" the plants 
were uprooted. In cooperation with the plant breeder a visual comparison of the aboveground plant 
morphology, tuber skin and flesh color was conducted. Yield w,'as also taken. 

Results and Discussion 

Tile meristei-derived plants were identical to nonmeristei-derived plants with respect to 
morphological characters-This indicates that meristen) culture did not cause mutations with respect 
to general morphology. The possible imitation of other characters of biochemical nature was not tested,
but should be a subject lbr future investigation. In general. it appeared that tile yield of meristem
derived plants was comparable, in sone cases even higher, than that of conventionally propagated 
plants. A replicated large-scale yield trial is planned ltOr spring 1988. 

Table 10. 	 Yield of virus-free meristem-derived and conventionally propagated stem 
cuttings. 

Meristem-deriveo plants Nonmeristern-derived 
Meristem (virus free) plants 

Variety code Average no. Average no. 
no. storage Yield storage Yield 

roots/plant kg/plant roots/plant kg/plant 
1-57 	 M6 11.3 1.23 9.8 0.89
 

M7 8 1.20
 
1-66 	 M4 7 0.84 5.6 0.28 

M5 4 0.54
1-423 	 M11 6.3 0.40 5.4 0.22
 
CN 1028-15 M7 4.8 1.35 7.4 1.31
 

M4 7 0.34 
CN 1038-16 	 M6 4.8 1.20 3 0.37 
CN 1108-13 	 M7 6.3 1.38 2.4 0.44 
CN 1216-10 	 M4 1.8 0.04 1.2 0.04 

M16 3 0.25
 
CN 1219-1 M6 8.8 1.10 9 0.77

CN 1280-3 M8 4.6 0.74 11.6 0.90
 

M19 8.3 1.05 
CN 1345-8 	 M1l 9 0.90 3 0.67 
CN 1424-36 	 M4 15.A 1.36 17.2 1.10 
CN 1448-19 	 M1 15.6 2.08 14.4 2.04 
CN 1489-43 	 M7 0.6 0.06 1.8 0.32 
CN 1489-89 1418 7.7 1.38 5.2 1.14 
CN 1510-24 	 M5 8.6 0.90 8.4 0.96 
CN 1525-11 	 M3 7.4 0.48 9 0.90 
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Effect of Heat Treatment and Meristem Excision on
 
Elimination of Sweet Potato Yellow Dwarf Virus
 

Summary 

Meristem tip culture and therniotherapy have been widely used to eliminate viruses from infected
tissues o' ti number of different crops. The effectiveness of both virus elimination methods was studied 
in SPYDV-infected sweet potato tissue. Results show that meristems were free of the virus, whereas 
some of the stem sections inmediately below the meristems still contained the virus. A heat treatment 
of 37'C for one or two months was apparently sufficient to eliminate the virus in the tip of the stems 
up to 2.5 cm below the rieristeni. To ensure reliable elimination of viruses, it is recommended to 
routinely use a two-mionth heat treatment prior to the excision of neristems. In this case the size of 
the meristem would riot be so critical and could possibly he somewhat larger than 0.3 mam. 

Introduction 

Two virus elimination methods. meristem tip culture and thermotherapy, have been widely used 
on different crops. The success of virus elimination by these methods, however, depends on the nature 
of the crop and the particular virus. The effectiveness of meristem tip culture and thermotherapy was 
studied on the elimination of SPYDX. 

Materials and Methods 

Meristem excision versus stem tips. SPYDV-infected stem tip cuttings were grown in 
sterile sand culture. Fifteen meristenis (0.3 tumn) consisting of the meristematic dome and the two 
leaf primordia, and I-cm long stern tip sections immediately below the meristems were excised and 
placed on MS niedium. When the resulting plantlets had reached the 4-5 leaf stage, all of the leaves 
of each plantlet were excised, pooled and tested by ELISA for SPYDV. The absorbance threshold 
value for negative plants was 0.086. 

Heat treatment. Steni cuttings of SPYDV-infected sweet potato line CN 1345-8 were first 
rooted and established in sterile sand culture in a growth room (24-26°C, 4.7 Klux illumination and 
12-hour photoperiod). They were then transferred to a heat chamber (3.I Klux illumination, 12-hour 
photoperiod) where they were subjected to temperatures of 300 to 330 to 36' for three days each. 
After this heat adjustment. temperatu was set at 37"C and plants were kept at this temperature for
either one or two months. After the ,it treatments, rieristems (M), l-cii stem tip portions just below 
the meristem (SI) and I- 1.5-cm stemi tips just below the SI sections (S2) were excised and transferred 
to AVRDC standard tissue culture medium, Medium K (Kuo et al. 1985). When the plantlets derived 
froni these plant parts reached the 4-5 leaf stage, all of the leaves ofeach plantlet were excised, pooled
'Ind tested by DAS-ELISA for SPYDV. Both IgG and hg1G-E were used at 1:1000 concentrations. 

Results and Discussion 

Meristem excision versus stem tips. The results of the ELISA test of plantlets derived 
from meristem tips and sn,:nl stem tip, for SPYDV are shown in Table II. 

It can be seen that mieristem culture iseffective in eliminating SPYDV fron infected sweet potato.
Of the nine plantlets derived from the surviving meristems, none was found to contain the virus. Six 
of the 15 stei tips, on the other hand. were found to be infected with the virus. Apparently, the virus 
was not evenly distributed witiiin the 'itew tip, as some (plantlets 1. 3. 5, 7. 8, 9, 12 and 14) were 
found negative, and some positive, one (plant 4) with very low absorbance values indicating low 
concentration of virus, and the rest (plants 6 vind 10) with very high absorbance values, reflecting
niore active virus developmnent within the tissue. 
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Heat treatment. The results of the heat treatments are shown in Table 12. Both the one
month and the two-month treatments were Found to be effective in eliminating SPYDV in meristems 
and stem tips up to 2.5 cm below the growing tip of infected sweet potato. Although the effect of 
heat treatment on other sweet potato viruses is not yet known (the tests are in progress), it is 
recommended that a two-month heat tieatient be routinely used in AVRI)C's virus elimination sc"Ieme,
since it is not detrimental to the plant and there is a strong possibility that other viruses can als' be 
eliminated by this technique. This would be particularly important when deal;..g wil, other non-AV,,DC 
sweet potato materials which may be infected with viruses not yet identified for which antiserum is 
not available and hence for which an EJSA test cannot be done. 

Elimination of Mycoplasma-like Organisms from Sweet Potato Tissues 

Summary 

Only limited information on the elimii-ation of mycoplasma-like organisms (MLO), which cause 
sweet potato witches' broom, by meristem tip culture. thci motherapy or antibiotic treatment is available 
In studies using severely infected witches' broom plant materials, it was shown that MLOs were 
eliminated by meristem tip culture but not by steim tips I cm below the neristeni. A one-month treatment 
of' stem cuttings with heat (37'C) prior to excision of' stem tips of excised stem tips in tetracycline 
containing tissue culture medium reduced, although not completely eliminated, MLOs in such stem tips. 

Introa,,tion 

Very little inflonation on the elimnmiion o!MLO cau,:ing sweet potato witches' broom by meristei 
tip culture or therniotherapy is available. Kahn et al. (197 1)3 obtained an apparent cure of little leaf' 
disease by treating stem cuttings with 500 dig/n! oxytetracycline for 48 hours or with 100 tg/ml for 
48 hours and then for 72 hours. In preliminary suldies condil,:ted in i 6. 10-cm long stem pieces
which were severely inl'ected with witches' broom were treated with 5-500 pLg'l tetracycline. Most 
stein cuttings did not survive more than three days because of severe phytotoxiciliY 

The application of therniotherapy, neristem tip culture and low tetracycline concentratims 
combined with meristem or stem tip culture was examined. A short treatment with oxytetracychne 
followed by excision of meristems or short sten tip cuttings was thought to reduce phytotoxicity whilL 
eliminating MLO in infected tissue. 

Materials and Methods 

Several methods were tested for the elimination of' MLO. 

Meristein tip and stem tip cultures. Meristems (0.3 ms) and I-cm long stemn tips 
immediately below the meristem of MLO-infected sweet potato line CN 1345-8, originally collected 
from Penghu Island were excised. The excised plant parts were placed on Love et al. medium and 
transferred to AVRDC standard medium after four weeks. At the 4-5 leaf stage, the plantlets were 
transferred to seven jiff'y pots. The plants were observed for MLO infection both in tissue culture 
and after transplanting to jiff'y pots or to the soil. 

Heat treatment. MLO-infected sweet potato plants (line CN 1345-8) were heat treated for 
one month at 37°C using the heat treatment procedure described earlier. 

After the heat treatment, 0.3 mm mcristems and I cm long stem tips taken immediately below 
the meristem were excised. The explants were first placed on Love et al. medium and after four weeks 

3Kahn. R.P.. R.H. Lawson, R.L. Monroe and S. Hcaron. 1)72. Sweet potato little-leaI asseciated with a(witches' broomn) 
mycoplasma-like organ. Phytopathology. pp 903-909. 



Table 11. ELISA test of plantlets derived from meristems and stem tips of SPYDV-infected sweet potato plants. 
zPlant no.

Plantpart 1 2 3 4 5 6 7 8 9 10 11 22 13 14 15 
Meristem - - - 0.065 - 0.005 0.025 0.011 0.012 0.033 0.039 - 0.057 0.031 -

Stem tipy 0.027 0.085* 0.006 0.089* 0.068 0.421* 0.012 0.037 0.016 0.347* 0.156" 0.025 0.272* 0.033 0.238* 
HCK 0.041 0.036 0.052 0.036 

DCK 0.175 0.198 0.224 0.296
 
Plantlet (4-5 leaf stage) derived from meristems or stem tip sections of SPYDV-infected sweet potato plants. Yl cm section imme,:'-,tely below the meristem.
 
- = material died. *Positive reaction for SPYDV.
 

Table 12. ELISA readings of heat-treated SPYDV-infected sweet potato tissue. 
Heat Excisedz Plant no. 

treatment plant part 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
one month M 

Si 
S2 

0.016 
0.015 
0.039 

0.020 
0.060 
0.040 

0.035 
0.040 
0.044 

0.033 
-

0.042 

-Y 
0.039 

-

0.025 
-

0.044 

0.012 
0.044 
0.045 

0.013 
0.039 
0.030 

0 
0.042 
0.012 

0.015 
0.033 
0.033 

0.036 
0.044 
0.034 

0.022 
0.045 
0.035 

0.039 
0.050 
0.036 

0.060 
0.039 

-

-
0.042 
0.038 

two months M 
SI 
S2 

0.033 
0.030 
0.014 

0.040 
0.028 
"'.025 

-
-

0.036 

0.048 
0.049 
0.055 

-
0.023 
0.042 

0.033 
0.024 
0.038 

0.045 
0.068 
0.040 

0.036 
0.033 
0.025 

-
0.025 
0.033 

0.011 
0.026 
0.040 

-
0.037 
0.038 

0.015 
0.040 
0.039 

-
0.039 
0.045 

-
0.022 
0.025 

0.021 
0.025 
0.041 

HCK 0.040 0.038 t.228 0.055 0.036 
DCK 0.232 0.296 0.381 0.309 

zM = meristem; SI = 1 cm secticn below meristem and S2 = 1.5 cm section below S1. Y  = material died. 

tj 

0 
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transferred to standard AVRDC nedium. The plants were observed for MLO infection as in the 
procedure above. 

Tetracycline treatment. Thirty stem cuttings, 10 cm long, of' MLO-infected sweet potato 
plants were placed for three days in sterile water, containing 25, 50 and 100 mg/I tetracycline. 
Thereafter, the mcristem (0.3 mm) and a I cm stcm tip section immediately below the mieristem were 
excised, placed on Love et al. medium and transferred to Kuo ct al. medium alter fbur to rive weeks. 
The emerging plantlets were checked For the presence of MILO. 

Results and Discussicn 

Meristem tip and stem tip cultures. Meristem-tip culture appeared to be efficient in 
eliminating MLO from infected sweet iOtato tissue, whereas all stem tips, excised immediately below 
the ineristems. showed the presence of MLO (Table 13). MLO was absent in the meristem tips because 
it was found only in vascular tissue, which apparently was not yet differentiated or functional in the 
meristematic tissue of sweet potato. In the stei tissue immediately below the meristem and the first 
leaf primordia, vascular tissue was already formd and MLO had already moved into it. 

Heat treatment. A one-month heat treatment seemued to have some effect in eliminating MLOs 
from the stem tip portions of MLO-infcctcd plants (Table 14). Only 6.6% stein tips contained MLO 
compared to I(X)', of the nonheat-treated stem tips (experiment a). A longer heat treatment is probably 
necessary to completely eliminate the MLOs in the stein tip sections of infected sweet potato plants. 

Tetracycline treatment. It seems that a three-day trealment of MLO-infected stein cuttings 
in either of the tetracycline concentrations tested was not efficient in eliminating M LO from the top 
I cm section of the stein cutting (Table 15). However, some effect was apparent since only a very 
sinall percentage , f stei tips still contained MLO. A longer treatment with tetracycline 'nay prove 
to be efficient in completely eliminating MILOs in the stein tip section inmediatcly below the meristem. 

Table 13. Elimination of MLO by meristem tip and stem tip culture. 

Excised plant part
 
Meristem tip Stem tip
 

No. survived/total no. excised 17/20 18/20
 

Plantlets with MLO symptoms'/ no. survived 0/17 18*/18 

Plants survived/plantlets transferred to jiffy pots 17/17 0/18 

Plantlets with MLO symptoms y 0,'17 -
ZAfter 15 weeks in tissue culture (for meristems) and after six weeks in tissue culture (for stem tips). YAfter 
nine months insoil. *MLO symptoms began to appear approximately five weeks after excision of the stem tip. 

Table 14. Effect of heat (37 0 C) on MLO-iniected sweet potato. 

Meristem tip Stem tip
 
No. survived/total no. excised 24/24 30/30
 

Plantlets with MLO syroptoms/ no. survived 0/24 2*/30 

Plantlets survived/plantlets transferred to jiffy pots 24/24 

Plantlets with MLO symptoms~i plantlets survived 0/24 0/28 
ZAfter 15 weeKs in tissue culture (meristern tip) and after six weeks in tissue culture (stem tip). YAfter nine 
months in soil. *Did not survive transfer to jiffy pot. 

28/30 



215 Sweet Potato Pathology 

Table 15. Effect of tetracycline on 
Plant part excised 
Plant part excised 

Merlstem 

No. survived/total no. excised 

Plantlets with MLO symptomsy/no. survived 

Plantlets survived/total no. transferred to 
jiffy pots 

Plantlets with MLO symptoms, 

Stem tip 

No. survived/total no. excised 

Plantlets with INLO symptoms/no. survived 

Plantlets survived, total no. transferred to
 
jiffy pots 


MLO In sweet potato. 

ConcentratjonzCnetain 
25 mg 50 mg 100 mg 

30/30 28/30 21/30 

0/30 0/28 0/21 

30/30 28/28 21*/21 

0/30 0/28 0/21 

30/30 19*/30 16/30 

2**/30 0/19* 1**/16* 

28/30 19/19 15/16 

Plantlets with MLO symptoms/plants survived 0/28 0/19 0/15 
ZMLO-infected stem cuttings were tteated for three days at the different tetracycline concentrations before 
mfleristems or stem tips were excised. YAfter one month in tissue culture (without antibiotic). XAfter ninemonths in soil. *Very slow growth of all plantlets. *Plantlet did not survive transfer to jiffy pot. 



Sweet Potato Physiology 

Photosynthesis and Respiration of Self and
 
Reciprocally Grafted Sweet Potato Leaf Cuttings
 

Summary 

Net photosynthetic rates and gas conductance in the leaves of self and reciprocally grafted leaf 
cuttings were measured. High-yielding CN 1028-15 scions had the higher net photosynthetic rate,
but this was reduced by the low-yielding stock, CN 1367-2. High-yielding stock increased leaf gas
conductance of low-yielding scions, and thus increased photosynthetic potential. Results clearly indicated 
that the developing storage root had a regulatory effect on photosynthesis in the leaf. Furthermore,
grafted leaf cuttings with the low-yielding stock had high specific weights. Specific leaf weight may
be used as an indication of source potendial and sink strength. 

Introduction 

Previous results showed that the leaf blade of CN 1028-15 contained more chlorophyll than that 
of CN 1367-2. Furthermore, studies with both self and reciprocally grafted plants or leaf cuttings
revealed that CN 1028-15 retained strong sink strength which could push total dry matter production.
In this investigation, photosynthesis and dark respiration of sel "'nd reciprocally grafted leaf cuttings 
were measured to show the relationship of photosynthesis and storage root formation. 

Materials and Methods 

Selfand reciprocally grafted leaf cuttings of CN 1028-15 and CN 1367-2 were prepared at AVRDC,
and later transferred to the National Chung Hsing University for measurements of net photosynthesis,
transpiration, leaf conductance and dark respiration at 2, 3, 4, 6,7, 10, 12 and 14 weeks after grafting.

Net photosynthetic and transpiration rates of anindividual leaf blades in assimilation chamber 
(35 x 30 x 8 cm) under Toshiba Grolight D400, 100 Klux were measured with the CO2 and H20 
fluxes in the chamber's atmosphere by Anard AR-600 Infrared Gas Analyzer. The assimilation chamber 
was maintained at 25.0 + 0.50 C, and 75 + 3% relative humidity (RH). After measurements of net 
photosynthetic rates in the daytimne, grafted leaf cuttings were severed at the base of the petiole and 
separated into top (blade and petiole) and bottom (petiole base, fibrous and storage roots). These two 
parts were separately placed in the covered assimilation chambers and measured for CO2 fluxes at 
25.0 + 0.3°C and 90% RH during the night. 

Results and Discussion 

At 25.0 + 0.3C and 75 + 3% RH, light saturation points for net photosynthesis were 800,
600, 600 and 600 micro E/m 2/sec for CN 1028/CN 1028, CN 1028/CN 1367, CN 1367/CN 1028 
and CN 1367/CN 1367, respectively, at eight weeks after grafting (Fig. 1). Net photosynthetic rates 
at these light saturation points were 26.82, 20.68, 19.27 and 19.47 mg CO2/dm 2 /hour, respectively.
Although the CN 1028-15 scion retained high photosynthetic potential because of high chlorophyll 

PaI
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content, net photosynthetic rate of the reciprocally grafted leaf cutting of CN 1028/CN 1367 was 
abated because of the CN 1367-2 stock. Net photosynthetic rates were measured from 2 to 14 weeks 
after grafting (Fig. 2). The results demonstrated that the maximum net photosynthetic rates occurred 
at four to seven weeks after grafting and then petered out. At this point, the storage root of the CN 
1028-15 stock was in the rapid bulking stage which might have elicited the maximum net photosynthetic 
rate in the scion. The analysis of specific leaf weight (SLW) (Fig. 3) showed that the strong sink 
strength decreased SLW, but the weak sink strength increased. These results imply that the potential 
photosynthetic activity of the scion depends not only on the photosynthetic apparatus in the source 
leaf but also on the sink strength. Perhaps the weak sink strength in the stock has a feedback inhibiting 
effect (on photosynthet;e activity due to the accumulation of assimilates in the scion. 

The comparison of leaf conductancc revealed that the grafted leaf cuttings with the CN 1028-15 
stock brought about high leaf conductance regardless of the leaf photosynthetic potential. On the 
contrary, the CN 1367-2 stock reduced the le f conductance of the CN 1028-15 scion (Fig. 4). 
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-- 1367/1028 060"-'"o 1367/1367 E 	 // 
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~20 	 E,~. 
z----o 	 --o 1028/1028 
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Fig. 2. 	Changes In net photosynthetic rates of Fig. 3. Changes In specific leaf weight of self 
self and reciprocally grafted leaf cuttings and reciprocally grafted leaf cuttings of 
of CN 1028-15 and ('N 1367-2 during CN 1028-15 and CN 1367-2 during 14 
14 weeks of growth weeks of growth. 
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Respiration rates of the underground part declined with advancing of growth (Fig. 5). The 
CN 1028-15 stock had lower respiration rate than the CN 1367-2 stock, due likely to the massive 
fibrous roots in the CN 1367-2 stock. Results not presented here showed that respiration rate in the 
nonstorage root part was higher than the storage root, and respiration rate of the storage root part
of the CN 1367-2 stock was higher than that of the CN 1028-15 stock. These results suggest that 
although cell division and expansion of the developing storage root require high respiration rate, the 
small sink size in the CN 1367-2 may not be able to fully utilize the translocated assimilates in the 
developing storage root, and exhaust them through high respiration rate. 

Results also imply that photosynthetic activity is important Ibr dry matter production, but the 
sink strength in the developing storage root has a regulatory mechanism on the photosynthetic activity
in the source potential. The specific leaf weight may serve as a parameter fbr assessing source potential 
and sink strength iin plant breeding. 
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0 5 10 15 0 5 I0 15 
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Fig. 4. Changes In leaf conductance of self and Fig. 5. Dark respiration rates of the under
reciprocally grafted leaf cuttings of CN ground part of self and reciprocally
1028-15 and CN 1367-2 during 14 grafted leaf cuttings of CN 1028-15 and 
weeks of growth. CN 1367-2 during 14 weeks oi growth. 

Anatomical Observations on Self and 

Reciprocally Grafted Leaf Cuttings 

Summary 

Anatomical observations were carried out on self and reciprocally grafted leaf cuttings of CN 
1028-15 and CN 1367-2. A large amount of starch granules were found deposited in leaf blades and 
petioles when CN 1367-2 (with weak sink strength) was used as the stock. The developing storage 
roots of CN 1028-15 had greater anoimalous cambium number and large parenchynia cells which, 
as indications of' strong sink strength, could accommodate nore assinm ates fr(o0 the lea.. 

Introduction 

Anatonmical observations were conducted on sell and reciprocally grafted leaf cuttings of high
yielding clone, CN 1028-15, and low-yielding cl,ne, CN 1367-2. to further understand the nature 
of source-sink relationship in sweet potato. 

Materials and Methods 

Self and reciprocally grafted leaf cuttings were prepared in the end of October 1986, and grown 
und,.r greenhouse conditions. At 2, 3, 4 and 12 weeks after grafting, the leaf blade and tipper petiole, 
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and storage roots were sampled and fixed in 70% FAA fixative, dehydrated in the TBA series, infiltrated 
and embedded with paraffin, and finally sectioned with rotary microtome to obtain paraffin sections 
with 12 micrometer thickness. Paraffin sections were later affixed to slides coated with Haupt's adhesive 
and stretched with 4% fornalin. They were stained with safranin-fast green for histological observation, 
or periodic-basic fuchsin for polysaccharide observations. 

Results and Discussion 

Based on chemical analysis, last year's results showed that more starch accumulated in the upper
petiole of the grafted leaf cuttings, with CN 1367-2 (having weak sink strength) as the stock. Anatomical 
observations on the blade midrib at three weeks after grafting showed that more starch granules were 
accumulated in the ground tissue parenchyma and xylem and phloem parenchyma of graf!ed
combinations, with the CN 1367-2 stock. Furthermore, CN 1028-15, as the scion, aggregated greater
starch granules in the midrib of grafted leaf cuttings with the same stock. Similar phenomena were 
also observed in the midrib and upper petiole of the scion at other growth stages. These observations 
confirm previous contentions that when the weak sink strength stock (CN 1367-2) was used for grafting,
assimilates accumulated in the scion, and hence reduced photosynthetic activities. 

The bulking of the storage roots in sweet potato is the result of cell division of the vascular cambium 
and anomalous cambium. Anomalous cambium originates in the parenchyma of the central portion
of the axis, frequently occurring as cylinders which surround groups of xylem elements, and may
increase in width until a region of considerable size is formed; thus, playing an important role in 
the bulking of storage root. Storage roots of grafted leaf cuttings with high sink strength (CN 1028-15)
stock started to swell at three weeks after grafting. differentiate large amounts of anomalous cambium,
and aggregate a mass of starch granules in the parenchynm. Some starch granules also occurred in
the phloem parenchyma of' the vascular cambium. wereOn the other hand, there little anomalous 
cambia differentiated in grafted leaf cuttings with CN 1367-2 stock at the same stage. At six weeks 
after grafting, grafted leaf cuttings with CN 13672 stock started to form anomalous cambium. CN 
1028-15 scion in grafted leaf cuttings with the same CN 1028-15 stock at 12 weeks after grafting
conduced to more starch granules in the parenchyma of storage root than CN 1367-2 scion. 

The determination of the number of anomalous cambium (Fig. 6) and size of parenchyma cells 
(Table I) in storage roots of grafted leaf cuttings revealed that the CN 1028-15 stock had more anomalous 
cambium number and large parenchyma cells than the CN 1367-2 stock. These results imply that
the bulking, of storage roots relies on the differentiation of anomalous cambiumn. High sink strength
stock with active differentiation of anomalous cambium produces a greater amount of large parenchyma
cells to accommodate more starch granules. The potential, on the othersource 
hand, influences the development of storage root through the supply of assimilates; the weak sink 
strength in the devloping storage roots contributes to starch deposition elsewhere other than the storage 
roots. 
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Table 1. Average parenchyma cell size (x 10.3 mm 2 /cell) of developing storage roots of 
grafted leaf cuttings of sweet potato. 

Grafting combination Parenchyma cell size (weeks after grafting)
 
(scion/stock) 6 
 12 

CN 1028/CN 1028 4.59 + 1.03' 8.03 + 1.05
CN 1028/CN 1367 3.26 + 0.39 5.47 ± 0.63 
CN 1367/CN 1028 4.25 + 0.58 6.32 ± 0.76 
CN 1367/CN 1367 2.86 + 0.78 5.88 ± 0.86 

'Means of 23 determinations ± standard deviation. 

Potassium Content in Self and Reciprocally Grafted Leaf Cuttings 

Summary 

Potassium contents in different parts of sell and reciprocally grafted leaf uttings of CN 1028-15 
and CN 1367-2 were determined. High K content in nonstorage organs of gialtcd leaf cuttings with 
the high-yielding CN 1028-15 stock may be related to the ready Iranslocation of assimilates to tle 
deveoping storage roots. Instorage roots this may he related to starch formation. 

Introduction 

Potassium is x,nown to be involved in translocation by accelerating tile export of assimilates from 
the leaves or the import of assimilates to the site of utilization or storage, and in starch synthesis
by increasing starch synthetase activities. Last year. it was reported that high starch content was 
accumulated in the leaf blade, upper and lower petioles, petiole base and fibrous roots in grafted leaf 
cuttings with the low-yielding UN 1367-2 stock. On the other hand, high soluble sugar content was 
detected in the petiole base. and fibrous and storage roots in grafted leaf cuttings with the high-yielding
CN 1028-15 stock. The present study aimed to analyle potassium content in different parts of self 
and reciprocally grafted leaf cuttings. and relate the role (1 potassium to the translocation of 
carbohydrates in terms of source-sink characteristics of' ithigh-yielding clone, CN 1028-15. and a 
low-yielding clone, CN 1367-2. 

Materials and Meihods 

Twenty leaf cuttings each of sell and reciprocal grafts were sampled at 3, 5, 7, 9,12 and 16
weeks after grafting. They were measured for leaf area, fresh and dry weights, and the different parts 
of the leaf cuttings f rsoluble sugar and starch contents. The detailed procedures and results of these 
analyses were reported last year. The pitsent report describes the analysis of potassium content in 
different parts of the grafted leaf cuttings. 

Results and Discussion 

Potassium concentrations it)different parts of the leaf cuttings decreased with advancing growth
(Figs. 7,8,9 and 10). The concentrations in storage root were lower than in other parts: they also 
decreased in three to five weeks after grafting but increased ingrafted leaf cuttings with the CN 1028-15 
stock (Fig. 10).

Grafted leaf cuttings with the CN 1028-15 stock accumulated more potassium in all parts than 
those with the CN 1367-2 stock, except in fibrous root. There was a large accumulation of K in the 
fibrous root of the gralted leaf cuttings with the CN 1367-2 stock, probably because CN 1367-2 produced 
more fibrous root which easily absorbed more K. but not readily translocated to other parts ol Ile 
leaf cuttings. 
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Fig. 7. Changes in K concentrations in the leaf 
blade of self and reciprocally grafted 
leaf cuttings of CN 1028-15 and CN 
1367-2 during 16 weeks of growth. 

7 
O-o 	 1028/1028

1028/1367
00	 . o--- 367/10280o.-- 13367/1367 

4""-,,-.0 


E 3
 

. !2 
00 a. 

I I I 

O 10 20 
Weeks after grafting 

Fig. 9. Changes in K concentration in fibrous 
root of self and reciprocally grafted leaf 
cuttings of CN 1028-15 and CN 1367-2 
during 16 weeks of growth. 

8
 
1-a028/1028 

*---4 1.028/1367
0-- 1367/1028
 
Z
(U 367/1367
 

C1 

U) 

0 10 20 
Weeks after grafting 

Fig. 8. 	 Changes In K concentration In lower 
petiole of self and reciprocally grafted 
leaf cuttings of CN 1028-15 and CN 
1367-2 during 16 weeks of growth. 

3 
e-. 	 1028/1028 

1028/1367 
-- 1367/1028367/1367 

01
 

2 

.P.
 

a, 
I I 

0 I0 20 
Weeks after grafting 

Fig. 10.	Changes in K concentration in storage 
root of self and reciprocally grafted 
leaf cuttings of CN 1028-15 and CN 
1367-2 during 16 weeks of growth. 

After carbon is assimilated, part of the assimilate is translocated out of the leaf into the stem 
in the Iorm of sucro,,e. and eventually to the Site of uLtilizaion or deposition, e.g. Storage root. Little 
is presently known about the process of' loading, transport and unloading of assimilates in the sweet 
potato. Based on the leal'cutting as a transporting system model, it is interesting to note that the grafted 
leaf cuttings with low-yielding stock retained low K concentration but high starch coicentratioln in 
the leaf Nlade, upper petiole, lower petiole and petiole base. It is possible that low K inh ibits the loading 
and transport (If sucrose in the leaf blade and petiole, and hence these assimilates are converted to 
starci. which inhibit photosynthesis through feedback nmtechanisnm. On the contrarv. whell ahigh-yielding 
clone was used as the stock in the grafted leaf cuttings, relatively high K concentrations were tfound 
inthese parts 'fthe leaf cutting, thus less starch \as accumulated. 

Since both fibrous and storage roots are the potential sites ol'deposition for assimilates, the Starch 
contents in these depend oil both the availability of,trallslocaCted sucrose anid the activities oft"enzymes 
involved in starch synthesis. Fibrous roots of grafted leaf cuttings with the CN 128-15 aniid CN 1367-2 
stocks had less K and starch, due likely to low K preventing normal activities of cnzymes involved 
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in starch synthesis. Fibrous rools of grafted leaf cuttings with tie CN 1367-2 stock retained high K, 
thus promoting starch lorniation. 

Storage roots of grafted leaf cuttings with tile of K thanCN 1028-15 stock retained higher Ievel 

those with the CN 1367-2 stock. Storage roots or both CN 1028/CN 1028 and CN 1367,'CN 1028
 
had high starch content probably due to their high K for starch synthesis. Storage roots of CN 1028/CN

1367, even though with low K,also had comparable starch contents as those of CN 1028/CN 1028
 
and CN 1367/CN 1028, which is likely due to the ready availability of sucrose from Ole higl, source
 
potential (WN 1028-15). Storage roots of self-grafted leaf'cuttings of'UN 1367/CN 1367 had th,: least
 
starch concentration due to the low aVailblility of sunCr'ose f'on1 tilesource leaf and the low K i'itIle
 
stlorage root sink to synthesize starch.
 

lie phtosvwntliesi , tralnsport and storage syste01 inthe sweet potato can 
be regarded as a highly

intcgrtted seI ieS 01 processes. Results presented herc indicate that tile
sourcc-sink characteristics of
 
the plant is irriportart to tire storage root fornation, and this relationship may be niediated through

potassiunli. Thus, the potential effects of potassium on storage root forniation c(n be further explored,

and the relationship hetwceo poUassium and y'ield difcl'encc tested. 

Changes in Cytokinins and Auxins During Storage Root Development 

of Grafted Leaf Cuttings 

Summary 

Fibrous and storage roots of self and reciprocally graflied lel cuttings of CN 1028-15 and CN 
1367-2 were determined for endogenous hornional Contents during the initiation of storage root
 
developillent. Both zeatin riboside 1ad iodolacetic acid (IAA) increased with advancing storage root
 
devhelopienl. and lrigh-. ielding grafted leaf cuttings of CN 1028/CN 1028 contained high aliounts
 
of both zcatin rihoside arid IAA. Both carin rihoside ard IAA are probably needed for the bulking
 
of, storage roots.
 

Introduction 

Sink stricngth appears t) re late with cabial activirt', ard inay depend oilcertain endogenous growth
suhstances. Uytok iniihad been isolated f'rni the stirage ',rrit of sweet potato, and seemed t play 
i role ini storage root l' rniatioi. 'Tihis report intteinplted to deteriine the changes inendogcrous levcl.. 
ofcvttkinins anid auxiris during sltorage rioot developnieiltl selfand reciprocally grafted leafcuttings 
ol CN 1128-15 aind UN 1367-2, to clarily the sink strength of developing storage roots. 

Materials and Methods 

Fibrotus root and peincil or storage rot of sCll'arid rciprocally grafted lealcuttings of CN 1028-15 
and CN 1367-2 were sanipled at 3,5. 7 and 9 weeks aftcr _rafting. which were nade oi 16-18 June 
1980. Thev were extracted with 8(1 ',cold Methanol twice, cvaporated in vacuo. and purified with 
PVP to exclude color and phenolic colpourd. 'e filtratc was partitioned with ethyl acetate at pH
2.5, arid tile layer partlitioned vitli rn-hutlaiol at ph 8.0. The organic fraclions wererClliailling .tAlICrtls 
evaporali1 1 ilivactt hef're developing ori TCL to obtain fractions corresponding to GAs, IAA, ABA
Zcat ilr and icatili rilhrside. 'lhese f'ractions were later concentrated and dctcrrnincd fr r respect ivye plant
horriiiines with HPI.U by Merck Li(hrosorb RP-18 R i' 30-4 (7 rnicroieter) ctilunnii. 

Results and Discussion 

Nt GAs, ABA arid frcc zeatin cruld be detected in this experiierit, therefbre, tIlesignificance 
ilthese plant horriiores inthe storage root developient is not discussed. The total artrunt of' zeatini 
riboside was higher in tie developing storage root than in the fibrous root at 5, 7 and 9 weeks after
grafting (Wig.I I ).There were cniparable anriunts of'"zettin riboside between the fibrous root and 



224 	 AVRDC Progress Report 1987 

the storage root at three weeks after grafting but a rapid increase of zeatin riboside occurred in the 
developing storage root thereafter, although a well-nigh constant amount remained in tle fibrous root. 

The total IAA amount in the fibrous root stayed high at three and five weeks after grafting, but 
declined thereafter (Fig. 12). High IAA amount in the fibrous root at early stages was likely related 
to the initiation of fibrous root. The largest storage root formation in CN 1[028/CN 1028 had high 
amount of auxins. The total IAA am1ourit in the storage root was lower than in the fibrous root at 
three and live weeks after grafting, but increased thereafter. 

The close relationship between rate ol'cell division and level ol'endogenous cy t kiins arld auxi ns 
had been demionstrated in several plants. As reported earlier. the hulking of' storage rooits was 
accompanied by c011til s ,f n caiib uiui divisionuonUdifferenliation a oivialOus and subseq uent and 
enlargement inparenchymatous cells. I-gh a.Uotnls o IAA at five to seven weeks alter grafting may 
be responsible fOr the bulking (ot'stc,'age roots via the differentiatioi of anomalous cabiuvii and 
subsequent cell division. 

On tile known to have roles in mobilization eflects anid camlbialother hand, since cytokinins are 
activity, the high amount ofzeatin riboside in the storage roots ofCN 1028/CN 1028 and ('N 1028/CN 
1367 could have roles inthese effects of the developing storage roots. However. the Zeat in riboside 
amount in developing storage roots of' CN (128/ N 1367 ellshort of these effects IOr bulking of 
storage root probably tie 1i lack of IAA. Since tile production site of' these plat horniones in tile 
sweet potato is ar I inii relationship between hoi content aMid phVsio logical processes.clear. tile 1rviiouia 
such as differentiation of anioialous canbiuni, cell diviSion and su)seqLenlt cell elargement in the 
storage root cannot be conclusively dCducCd. 
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Fig. 11. 	 Increment of zectin riboside content Fig. 12. Increment of IAA content in storage
in storage root (SR) and fibrous root root (SR) and fibrous root (FR) of self 
(FR) of self and reciprocally grafted and reciprocally grafted leaf cuttings
leaf cuttings of CN 1028-15 and CN of CN 1028-15 and CN 1367-2 during
1367-2 during nine weeks of growth. nine weeks of growth. 

Enzymatic Activities of Starch Synthesis of Self and Reciprocally 

Grafted Leaf Cuttings 

Summary 

Sell and reciprocally grafted leaf cuttings of CN 1028-15 uld CN 1367-2 were determined for 
enzyme activities of starch synthesis. Starch synthesis ili the developing storage roots is probably 
controlled by the availability of ca rbohydrates rather than ezyIvatiC activities. 
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Introduction 

Storage root development in sweet potato builds on cell lUnber and enlargement and starch 
accumulation in parenchymatous cells. Sucrose is generally considered to he the maijor carbohydrate, 
as a precursor of starch granules, reaching the storage root from the leaf. Little is known, however,
about carhohydrate metabolism in the developing storage root. This study examined the relationship
betweenL enzymatic activities ,,;' carbohydrate metabolism and storage root development of grafted 
sweet potato leaf" cuttings. 

Materials and Methods 

Gralted leaf cuttings of C'N 1028/CN 1028. CN 1028/CN 1367, CN 1367/CN 1028 and CN 
1367/CN 1367 were sampled on 3, 5. 7 and 9 weeks after grafting. Leaf blade, petiole base, fibrous 
root and storage root ol sampled leaf cuttings were cold extracted With bufTer solution and determined 
for the activities of invertase, amylase, sucrose synll'ase, and soluble and gra nular-bound starch 
synthases. 

Results and Discussion 

The CN 1367-2 scion leaf had higher in\vertase activities than the CN 1028-15 scion leaf (Fig.
13). Since CN 1367-2 had a larger leaf area developmenl than CN 1028-15. it is possible that inverlase 
cLeaVed sucrose to release exe ;e IOr leaf expansion. Tie high in'crtase activities in the CN 1367-2 
scion leaf' imply that CN 1367-2 leaf itself' as a sink is sronger than tie stock for the assimilates. 
The CN 1028-15 stock \%ith strong storage-root sink strength slightly reduced invertase activities in 
tie ('N 1367-2 scion leaf'. whereas the CN 1367-2 stock with weak storagc-root sink strengll- light ly
increased irv tase aclkitieiu in the ('N 1(028-15 scion leaf'. It appears that tile sink strcneth in the 
storagc root has a rilatoir' fllnction ol On\vertase in the leaf'. 

Sucrose svnthasc activity was l+odv detected in the petiole base, ihroUs root and storaoe root 
except that which Occurred in the h(al' ().02 to O. 13 it itiole luose! iiin/g fiesh weight) a, five weeksO 
after grafting. It is postulated that sucM-se in reserve tissue iseither converted to free sugars via invertase 
action or isdilrectly converted to the sugar nucleotC'dCs via 1he sucrose synthase reactions. The presence
ol invCrtase, hut not Sucrtose sylhIase. in tile storage root ol sweet potatt probablV supports tile notion 
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that invertase is responsible for starch synthesis in the developing storage root. However, the failure 
of detecting sucrose synthase in tile storage root because of experimental procedure is not ruled out 
the presence of sucrose synthase in the storage root of sweet potato has been reported. 

Soluble starch synthase is tile enzyme responsible for the (x-I 4-glucosidic linkage of starch. 
Activities of this enzyme in the leat blade of four graflted leaf cuttings remained constant at four stages 
of sampling. Activities in the developing storage root. however, were higher than in the leaf blade 
but decreased from three to nine weeks aler grafting (Fig. 14). A similar but less active pattern also 
occurred in granular-Inound starch syrtlhase. This trend of dcreasing CIIzy matic activities is probably 
attri Xuted to increased storage root size with adva i:iing growth. The total activities of' both soluble 
and granular-bound starch svnthases were higher in ('N 1028/CN 1028 than in other gr'afted leaf 
cuttings. 

The CN 1028/'N 1028 leaf'cuttings had less anylase. aadegradation enzyni,. of starch. activilies 
in tile storage root th roughouL its LIeye lopICnt than other giIted leaf cuttings (Fig. 15). The total 
activity of this enzyme in CN i028/CN 1028 was also lower than the leaf cutting grafted with CN 
1367 stock. L.ow amyiviase activities are desirable to prevent tie degradation of starlch in tile storage root. 

Results presented here suLiggest tihat starch synithcsis in tile devehiping storage root o1 sweet potato 
is controlled, probably not by eii'y i iatic activities of starch synthesis but by the availability of assimilates 
manipulated by Source poitent ialaor sink strength. Since the mechanisms involved in starch biosynthesis 
of storage roots ill the sweet plltato are probably plpSi\e itld still n)0t full\1understood, little is to 
be gained at present by breCdiiig for varieties with certain starch sylnthetic enzymes. It is More 
worthwhile to look into hydrolytic activities of' a1nllase. since less ainlylase was related with high 
yield and high starch content in the storage rol. 

Assessment of Source Potential and Sink Strength 

by Rooted Leaf Cutting Method 

Summary 

Thirty-live sweet potato clones without prior selections for an\ agronomic characteristic were 
assessed for Source potenti all and sink strength. i.e. total and storage root dLy Matter production 

40 

28 - Storage root 
6 1028 

24 \\ 1028 

37E 22 
U_ \ -. . o 13620 - 1028 

E 18 - 1367 
--- - 1367 

I6 

N 12 \ 

0A 0z 

FE
S0.8- Fig. 14. 
06 - Changes in soluble starch syn

0.4 .._.-o thase activities in the developing 
storage roots of self and reci

0.2 - ..... "procally grafted leaf cuttings of 
0 ___1 1 1 CN 1028-15 and CN 1367-2 during 

3 5 7 9 nine weeks of growth after 
Weeks after Grafting grafting. 



227 Sweet Potato Physiology 

5.6 	 Storage root 1028
 
1028
 

1028

4.8  1367 

L: 0--. - .-	 1367 

a 	 1028.S.4.0"Et 	 1\367
 
1367
 

~32 
12 

24 	 , 

E 16 	 'S 

Fig. 15. 
0 8 -Changes In amylase In the 

developing storage roots of self 
and reciprocally grafted leaf

01 , cuttings of CN 1028-15 and CN
3 5 7 9 1367-2 during nine weeks of

Weeks ofter Grafting growth after grafting. 

by grafting of rooted leaf cuttings with themselves or low-vielding CN 1367-2 or high-yielding CN 
1028-15 as scions. None of the 35 clones outyielded the high-yielding CN 1028/CN 1028 in storage
root dry matter. However, the results clearly indicate that the rooted leaf cuting could be used as 
an easy method for assessing source potential or sink strength in sweet potato. 

Introduction 

Previously it had been shown that the potential or dry matter and storage root production of sweet 
potato under field conditions was retlected in rooted leaf cuttings. The present stud), aimed to evaluate 
the feasibility of using rooted leaf cuttings for assessing source potenti:l and sink strength of sweet 
potato using 35 clones which were not subjected to prior selections Ir any agronomic characteristics. 

Materials and Methods 

Leaf cuttings of 35 nonselected sweet potato clones were first rooted and then grafted on 13 April 
1987 using their or CN 1367 leaves as scions. They were grown under greenhouse conditions and 
sampled at 100 and 130 days after grafting. Sampled leaf LUtt2, were determined for leaf area, fresh 
and dry weights of blades, petioles and fibrous and storage roots. The ic::,.,'Is were compared with 
those on grafted leaf cuttings in 1986 using their or CN 1028 leaves as scions. 

Results and Discussion 

The mean dry matter production at gram/leaf cutting of 35 self*grafts (Fig. 16) (mean = 3.62. 
range = 1.74-6.32) was slightly less than the high-yielding CN 1028/CN 1028 (4.36), more than 
the low-yielding CN 1367/CN 1367 (3.19), and comparable with CN 1028/CN 1367 (3.15) and CN 
1367/CN 1028 (3.19). However, the mean dry matter production of 35 clones as stocks was slightly
increased with the CN 1028 scion (mean = 4.71, range = 2.70- 6.59). but substantially decreased 
with the CN 1367 scion (mean = 2.40, range 	= 1.43-3.41). Self"grafts of CN 1760-45, CN 1760-47 
and CN 1760-49 produced more dry matter than the high-yielding self graft of CN 1028/CN 1028. 
The results confirmed that CN 1367 is an inefficient source for assimilate production, while CN 1028 
is an efficient one. 

http:1.43-3.41
http:1.74-6.32
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Fig. 16. Total dry matter production of grafted leaf cuttings after 100 

days of growth; HY = CN 1028, LY ON 1367, N/N (scicn/stock) 
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The mean harvest index at the percentage of 35 self grafts (Fig. 17) (mean = 52, range = 13-72) 
was less than the high- yielding CN 1028/CN 1028 (70), but more than the low-yielding CN 1367/CN 
1367 (30) and CN 1028/CN 1367 (41), and comparable with CN 1367/CN 1028 (60). Howevcr, 
the CN 1028 scion tended to increase the mean harvest index of 35 clones as the stocks (mean = 
59, range = 44-75), and the CN 1367 scion tended to decrease (mean = 45, range = 15-60). None 
of the self' grafts of 35 nonsclccted clones had higher harvest index than CN 1028/CN 1028. The 
results indicate that CN 1028 was not only an efficient source for assimilate production but also a 
strong sink in developing storage roots f'or the assimilates, which would also slightly increase the 
source potential. 

Although self" grafts of CN 1760-45. CN 1760-47 and CN 1760-49 had more dry matter than 
the high-yielding CN !028/CN 1028. they produced only storage root dry matter comparable with 
CN 1028/CN 1028, which were attributed to low harvest indices in these three sell grafts. On the 
other hand, self grafts of CN 1760-31, CN 1760-62 and CN 1760-72 had comparable harvest indices 
and storage root dry matter as CN 1028/CN 1028. The results show that the harvest index in addition 
to dry matter production is an important factor determining the yield potential of sweet potato. 

Evaluation of Varietal Difference in Amylase, Total Soluble
 
Sugar and Starch
 

Summary 

Eight sweet potato clones were examined for amylase activities, soluble sugar and starch contents 
in leaves and/or storage roots from in vitro plantlets or callus, rooted leaf cuttings and field-grown
plants, to establish screening parameters for nonsweetness in sweet potato. Soluble sugar contents 
and arnylase activities varied greatly with environmental and plant factors, and their characteristics 
need to be further studied before an easy screening method could be established. 
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Fig. 17. Harvest Indices of grafted leaf cuttings after 100 days of growth.
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Introduction 

The storage roots of certain sweet potato clones from Puerto Rico and Japan were reported tocontain less amylase, and thus were less sweet. This study compared the sugar and starch contents,

and ainylase activities among in vitro plantlets, pot-grown leaf cuttings and ficld-grown plants of these

clones with standard cultivars. The aim of this study was to develop screening methods for low sugar

in sweet potato.
 

Materials and Methods 

Low sugar clones, WT 71-8, WT 71-9 and WT 71-10, from Japan and 11192 (Ninety-nine) fromPuerto Rico, and standard cultivars or breeding clones, 1423 (Tainan 71), 1981 (Tainung 66), CN 
1108-13 and CN 1367-2. were tested. 

Pilantlets and calli derived from nieristems were grown on MS medium containing 30 g/l sucrose.
Plantlets were grown under light, whereas calli were grown in the dark. Three replicates, each with
12 test tuhes containing a single plantlet or callus, were sampled after 80 days of growth to determineamylase activities and soluble sugar and starch contents in shoot and root of plantlcts, as well as in callus.

In a separate experiment, rooted Icaf cuttings were grown and harvested 80 days after plaming.Similarly, field-grown sweet potatoes were sampled at 75. 125 and 150 days after planting. Sampled
leaf cuttings and plants wcre measured for amylase activities and soluble sugar and starch contents. 

Results and Discussion 

Sugar content in the storage root of field-grown plants harvested at 75 days after planting varied(Table 2). CN 1367-2 and 1 1192 had lower sugar content than the other entries. A similar trend was
also observed in rooted leaf cuttings. 1 1192 (Ninety-nine) was reported to be a nonsweet cultivar,
and present results on solublC l,igar content supported this. However, low soluble sugar contents inboth CN 1367-2 and 1 1192 could h,: attributed to the delayed development of storage roots. The storage
roots of both clones did not exceed 2.0 cn in diameter at 150 days after planting. 
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There was also a varietal difference in the starch content (Table 3). Storage roots of' 1981 and 
WT 71-9 contained more starch than tIL:other entries in both field-grown plants and rooted leaf cuttings. 
1 1192 and CN 1367-2 had low sugars but intermediate levels of starch. Normally sweet potatoes 
contain amylase, which is heat s:able or active, and digests the starch to release short-chain starch 
residues and the soluble, reducing sugar, maltose. It has been reported in the literature that 1 1192 
from Puerto Rico and WT 71 seies fron Japan contained less amylase. and were thus less sweet. 
l)ata in Table 4 also show that 11192 had less amy'lase atiVities in the storage root fromh field planting 
but not the WT 71 series. A similar trend also occurred in the rooted leaf cuttings. except anylase 
activity in I 9)81 which was not detected. 

At present no relationship could be established between soluble sugar content and aniylase activities 
probably because total soluble sugar instc'ad ,f1" was Alt hougIh tle relationshipsmaltose measured. 
between starch content instorage roots of leaf cuttings and field-grown plants could be observed. 
lie relationshins tf soluble sugar cotcnts and atnylase activities inleaf or storage roots of,plantlets. 

callus, rooted leaf cuttings or ficId-grown plants are less clear. It appears that the characteristics of 
amyIase and its effects as influhnced by environmental and plant factors, and the relationship with 
starch synthesis or degradation inl potato need to he further studied befQre the rionsweetnesssweLl 
ill sweet potato and tile developient of ea,1\' methods to screen gerniplasnis and breeding clones lor 
noirsweetness can he purtrStd. 

Table 2. Solubik sugar content (%dry weight) in leaf, storage root and callus of sweet potato. 

Clone Plantlets Callus 
Shoot Fibrous root 

Leaf cutting --
Leaf Storage root Leaf 

Plant-_ 
Storage 

_ 
root 

1423 b.z6 ab' 4.09 c 338 d 3.07 c 11.03 e 3.66 b 21.73 a 
I 981 5.05 at) 12.68 a 5.66 b 3.30 c 13.13 d 2.42 cd 18.63 b 
I 1192 6.03 a 6.54 b 3.75 cd 3.31 c 11.43 e 2.64 cd 9.65 d 
CN 1108-13 5.96 a 13.02 a 5.05 bc 3.00 c 20.44 1 4.02 b 19.27 b 
CN 1367-2 5.77 a 7.57 b 7.59 a 2.58 d 8.45 f 1.77 d 4.73 e 
WT 71-8 4.33 b 5.05 c 6.40 ab 3.78 b 13.15 d 2.68 cd 11.94 c 
WT 71-9 4.55 b 6.72 ) 5.60 b 4.89 a 15.04 c 5.21 a 11.93 c 
WT 71-10 5.08 ab 4.78 c 5.96 b 3.21 c 21.97 a 3.22 bc 11.27 c 

ZMean separation within a column by Duncan's multiple range test at 5% level, 

Table 3. Starch content (% dry weight) in leaf, storage root anu callus of sweet potato. 
PIP:itlets Leaf Cutting Plant

Clone ... . . . ....... Callus
.. 
Shoot Fibrous root Leaf Storage root Leaf Storage root 

I 423 3.40 bc 2.48 e 2.75 bc 4.70 b 47.9 b 3.49 a 35.7 c 
I 981 2.72 cd 3.75 b 3.23 bc 5.52 a 51.8 a 2.02 cd 48.8 b 
I 1192 1.72 d 2.52 e 2.34 c 1 75 d 42.5 c 2.55 bc 38.1 c 
CN 1108-13 2.53 cd 2.83 de 3.38 b 1.78 f 39.2 cd 3.05 ab 46.6 b 
CN 1367-2 3.41 bc 3.11 cd 4.96 a 2.53 de 37,4 d 1.57 d 37.4 c 
WT 71-8 4.40 ab 2.83 de 4.66 a 2.19 of 13.5 e 2.47 bc 27.1 d 
WT 71-9 5.36 a 5.55 a 3.43 b 4.00 c 53.9 a 3.60 a 58.7 a 
WT 71-10 2.39 cd 3.55 bc 4.30 a 2.22 d-f 41.8 c 3.23 ab 33.2 c 

Table 4. Amylase activities (nano mole maltose/g F.W/min) in leaf, storage root and callus 
uf sweet potato. 

Leaf cutting Plant 
In vitro shoot Callus Leaf cuttinPlanClone 

Leaf Storage root Leaf Storage root 

1 423 353 ah' 389 b 272 ab 148 b 405 a 127 c 
1981 329 at 236 c G d 0 e 399 a 170 a 
11192 0 c 0 d 322 a 109 d 148 d 95 d
 
CN 1108-13 0 c 0 d 307 ab 142 bc 270 c 136 c
 
CN 1367-2 290 b 496 a 147 c 120 cd 191 d 85 d
 
WT 71-8 318 ab 0 d 346 a 228 a 324 b 128 c
 
WT 71-9 368 a Od 319 a 221 a 248 c 125 c
 
WT 71-10 286 b 0 d 242 b 134 bc 240 c 153 b
 

tMean separation with column uy Duncan'% mull ile range test at 5% level 



231 Sweet Potato Physiology 

Effect of Temperature on Rooted Leaf Cuttings 

Summary 

Rooted leaf cuttings were plantcd in January and May to investigate clonal differences ingrowth 
and yield under different temperature conditions. Both 1423 and CN 1517-139 produced high total 
dry matter and storage roots under high temperature conditions. However, there was a decreasing 
trend in starch content under high temperature conditions. 

Introduction 

It has been obsurved that high temperature is detrimental to the storage root yield of sweet potato, 
possihlv by inhibiting photosynthesis or translocation. This study investigates the effect of ambient 
telperature in two seasons on storage root forllation and soie growth characteristics of five sweet 
potato Clones. 

Materials and Methods 

Leaf cutting,, of"1 423 (Tainan 17), 1424 (Tainan 18), CN 1028-15, CN 1108-13 and CN 1517-139 
were planted on 6 January 1987 and 19 May 1987, respectively. These were grown under greenhouse 
conditions with monthly ican air temperature ranges of 19.50 to 28.3°C and 29.40 to 30.9'C for 
January and May plantings, respectively. and monthly mean soil ten pelratuire ranges of 23.50 to 32.7°C 
and 32.2" ' to 35.7 C. respectively. Leaf cuttings were sampled at 0. 4, 8. 12. 16 and 20 weeks after 
planting and investigated f'or dry inatter of different parts and other growth characteristics. 

Results and Discussion 

Rapid leaf*area c,pansion, dry maller accumulation and storage root formation occurred in the 
May' planting, p~robabl. LLe io high temperature ill tihe early growth. However, leaf cuttings in the 
January planting lived lmger than the May planting - up to 20 weeks after planting - while only
I 423 endurcd up to 20 weeks in the May planting. Clonal differences in total dry matter production 
appeared in the later stages ofl growth: 1423 and CN 1517-131 had more dry matter and storage root 
yield in May than in January plantings at 12 weeks (Table 5), which was also rellectced in 1423 at 
16 weeks in May planting. 

Both I 423 and CN 1517-139 had about the same number of storage roots at 12 weeks of both 
January and May plantings: however, decreasing storage root number and size was seen in I 424 and 
C'N 1108-13 under high temperature conditions (Table 5). ()n tllr contrary, I 423 and CN 1517-139 
showed an increasing storage rooti size under high temperature conditions. The time-wise integral 
of storage n iiot nunher and storage root size shmed that CN 1028-1 o5was the highest yielder in January 
planting, and I 423 was the highest and CN 1517-139 the second highest in May planting. Therefore.
both 1423 and CN 1517-139 seem to have soie level of heal tolerance in terms of storage root 
formation. 

Table 5. Storage root formation of rooted leaf cuttings of sweet potato grown under 
two different temperature conditions.z 

Storage root Storage root size 
Clone Yield (g/cutting) no./cutting (g/root) 

Jan. May Jan. May Jan. May 
* *1423 5.11 c" 12.69 a ' 1.78 a 1.97 a 2.91 c 6.50 a* 

I 424 8.48 h 2.19 c** 1.53 ab 0.78 b 5.71 ab 2.62 1 
CN 1028-15 12.17 8.55 b* 1.69 ab 1.60 a 7.21 a 5.64 a 
CN 1108-13 709h 1.22c1 1.22)b 075b 5.89a 1.54 b' 
CN 1517-139 .03 c 8.86 b 1.41 ab 1.50 a 3.82 bc 6.16 a 

'Measuril at 12 weeksb olt I Ai .l , VMean separation withiln Column by Duncan's multiple range test at 
5% level. XSignifcanl Letiweun two pAntirngs at 5% (*) or i% ( *) levels, respectively. 
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High storage root yield in CN 1028-15 in the January planting was attributed to high partition 
of dry matter to the developing storage root, i.e. strong sink strength, since it had the highest harvest 
index. This preferable partition of dry niatter to storage root in CN 1028-15 was disrupted by high 
temperature: a similar reduction also occurred in1424 and CN 1108-13 but was less extensive in 
CN 1517-139. Oin the contrary, harvest index in 1 423 was slightly increased in the May planting. 

Total dry matter production of I 423 and CN 1517-139 at 12 weeks was higher in the May planting 
than in the January planting, whereas reduction of dry matter occurred in 1 424 and CN 11 G8-13 at 
12 weeks under high temperature conditions. Dry matter increment continued in 1 423 from 12 to 
16 weeks under high temperature conditions, hut declined in CN 1517-139 tinder the same conditions. 
High dry matter prod tid i and less red Ctitm 01 harvest ildex could be attributed to high storage 
root yield lnderl" high temperature conditions. 

'I'Otal
1ublC sugar content in storage roots increased under high teiperature conditions ('Fable 6). 
A sinilar trend list)occurred in the leaves ,f('N1028-15 anI CN 1517-139. In spite of the increase 
in the total soluble sugar in storage root under high temperature conditions, starch content decreased 
under the same conditions, but tie extent of reduction was small in 1 423. CN 1028-15 and CN 1517-139. 
A reducing trend in staich content in st,raqe roots was observd during tilelast month of growth 
in January planting. which probably call to tile soil temperature.he attributed increasing 

:rnt these results it can he speculated that relatively high mean temperature. 25' to 30'C. is 
required for earl. growth of* al cutting to enable the early establishment o the plant for maximum 
photosynlhesi s and early init iatiom of Storage root growth. However, temperatures which exceed 30'C 
may be detrimental to pholosynlhesis and trlanslocation fOr somie choies. In the later growth period, 
soill 3(0"C ci nil d decrease starech illtie storage root.tein perature abhov\e c) ntent 

Table 6. Total soluble sugar and starch contents (% of dry weight) in storage roots of 
sweet potato rooted leaf cuttings grown under two different temperature 
conditions! 

Total sugar Starch 
Clone - - - - - - - - - --. -----

January May January May 
1423 15.71 al 16.43 a 44.62 c 32.20 bc
 
1424 12.10 h 16.33 a 61.23 a 19.11 d**
 
CN 1028-15 13.15 b 16.02 a*" 59.63 ab 40.01 ab*
 
CN 1108-13 12.59 b 17.29 a* 55.87 b 26.03 cd*
 
CN 1517-139 7.85 c 10.19 b 59.00 ab 42.28 a**
 
Measured at 12 weeks after planting. VMean separation within column by Duncans multiple range test at
 

5. level. 'Significant between two plantings at 5% (*)or 1% (* *) levels, respectively. 



Tomato Breeding 

Crosses and Populations 

Progenies from crosses to develop neniatode-resistant tropical lines have been undergoing selectior 
for important characters required for tropical adaptation. New Iropical lines now coming out of th( 
program carry nematode resistance. Screening and selections have been made froni segregating 
populations with resistances to bacterial leaf .spot and potato virus Y (PVY). 

In 1987, 14 special crosses were made to incorporate fruit firmness into the tropical genetiL
background. In the processing type, 12 crosses were made to develop new inbred lines which conmbinc 
heat tolerance, disease resistance, fruit firmness, good vine cover anId compact growth habit. 

An additional 30 crosses were also made to breed cherry-type tomato lines which are adapted 
to hot, humid conditions. A total of 24 crosses were also made to incorporate resistance to tomatc 
yellow leaf curl virus into AVRI)C's tropical fresh market and processing lines. 

Evaluation of New Germplasm for Heat Tolerance 

Summary 

Fifteen new introductions were evaluated for fruit-setting ability during the 1987 hot, humid 
summer. None compared favorably with the heat-tolerant (HT) line, Cl 5915-153-3-3-0. However, 
the new materials produced firmer fruits than AVRDC's IT checks and carried usable levels of heat 
tolerance, especially when compared to heat-sensitive (HS) check. TK 70. and HT chc.k. 
CL 5915-93-I -0-C- I. Some of the best Campbell HT lines had already been used as sources of firmness 
and heat toleraace in the AVRDC tropical tomato program. These new materials will he valuable 
additions to the heat-tolerant parental stocks, 

Introduction 

New germplasm are routinely evaluated each year in the AVRI)C tomato program for important 
characters needed to adapt tonato in the tropics. As part of this activity, plant breeders evaluate them 
fr heat tolerance and other desirable horticultural traits. 

Materials and Methods 

As in 1986, all entries tested in 1987 were frorn the Campbell Research Institute's heat tolerance 
program. The nature of this collhtborative project between AVRDC and Campbell Soup Company 
was given in the 1986 Progress Report. 

Fifteen Camph,:l IT lines were sown on 22 May 1987 along with heat-tolerant (I checks. 
CL 5915-153-3-3-0 and Cl 5915-93-1-0-C-1. and the heat-sensitive (HS) check. TK 70. Young 
seedlings were transplanted to large pots (ca. 8" internal top diameter) m 17 June and grown under 
shade condition tsing AVRDC's regular greenhouse management practicrs. The experimental design 
used was randomized complete block with two replicitions. Each plot coniprised of six potted 
individuals. 
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At flowering time, the second to the sixth clusters of each plant were tagged to determine the 
percentage of fruit set. The other traits recorded were: marketable fruit load, culled fruits, total fruit 
yield, fruit size and cracking incidence. In addition, component traits of the rcproductive process that 
are highly influenced by high temperature, such as sligma exertion and antheridial cone splitting, were 
also observed. 

Results and Discussion 

The best new materials are listed in Table 1.Compared to the HT check, CL 5915-153-3-3-0, 
the new introductions were inferior in performance under summer conditions at AVRDC. However, 
they possessed better fruit firmness and were already comparable to another tropical line, CL 
5915-93-1-0-C-I, in many of the inportant characters. When compared to the HS check, TK 70. 
the level of heat tolerance in the new introductions was high. 

Table 1. Horticultural characters of the best new introductions vs the checks under shade 
house conditions, AVRDC, summer 1987. 

Fruit Total Marketable Total Marketable Fruit 
Entry set fruit load fruit load fruit yield fruit yield size Firmnress' 

. ... ... . .. (0,0_.... (no /plt.) (no ./plt.) (g/plant (g/plant) ( ) . 

HT 214-WGIB 43.9 b 34 b-d 14 b 567 c 323 c 24 alb MF
 
HT 214-GF4B 37.9 b-d 34 b-d 7 c 455 cd 180 d 
 28 ab F
 
CL 5915-93 (HT ck) 37.3 b-d 35 b d 17 b 790 b 554 b 34 a S
 
CL 5915-153 (HT ck) 53.3 a 60 a 29 a 965 a 705 a 27 'b S
 
TK 70 (HS ck) 0.0 e 0 f 0 d 0 g 0 e --


Mean of all entries 34.7 27 6 362 163 24
 
CV (%) 11.5 20 30 15 27 24
 
7S = soft. MF mnderatelv firnl. - flrli
f 


Bacterial Wilt Resistance of Tropical Lines 

and Other Germplasm Stocks 

Summary 

Eight sets of genetic materials were screened for bacterial wilt 03W) resistance using the field 
screening method developed in 1986. Regression analyses of two trials indicated that the distriltudn: 
of inoculum in tie 13W nurseries was homogeneous. The coefficients of variation (CV)which wece 
generally below 25', . provided further proof of the adequacy Of the tests. 

Bacterial wilt-resistant genetic tiaterials, comparable in level to 1.285 and CLN 65-349, possibly 
the two most resistant stocks in the AVRI)C program, were fotnd in all eight trial sets. The most 
advanced nraterials already have Mutiple resistance to BW. tiniato itosaic virus (ToNIV) and neinatode; 
tnoreo,,er. they have been selected fir otlier iniportant traits. suchi as good fruit set under hot conditions. 
crack resistance. iniprived fruit si/e and relative fruit firniness. 

In tests of large-fruited Fi hybrids, the proportion of the hybrids with good 13W resistance vas 
generally higher when both parents possesscd 13W resistance, even invarying degrees. than when 
one of the parents was susceptible. thOWevcr, resistant F:'s could still he fotnd in the latter crosses, 
although the frequency of those that compare favorably with tile 1. 285 and CLNresistant checks, 
65-349, was lower Ihan iii crosses among resistant parents. 

Introduction 

Bacterial wiIt (W) resistance is one of the ilost iniportant coinponcnts of tropical adaptation 
in tornato. All new lines frot the AVRDC progran undergo a rigorous test for resistance to the bacterial 
wilt pathogen. Similarly, introduced stocks which are ptrported to be resistant to bacterial wilt are 
also carefully evaluated for potential use as parental stocks. 
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In 1986, the AVRDC plant pathologists and breeders developed a iiovel scheme of field testing 
for bacterial wilt resistance. The new method (1986 Progress Report) was reliable as evidenced by 
reasonably low CVs in most of the trials, hologeneous inoculun distribution in most experiments, 
and good infection levels on the susceptible check, L 390. 

This technique was widely adopted in 1987 to test the bacterial wilt resistance of newly developed 
breeding lines, hybrids and other genetic stocks. 

Materials and Methods 

Including tile last BW test in fall 1986. eight sets of' materials were screened for resistance in 
1987. Further information about these materials are given in Table 2. 

To create a Lniforn inoculum distribution in all tests, L 390, a highly susceptible cultivar. was 
seeded thickly in the 13W nursery, fbur rows to a bed. with rows 20 ci apart. Seeding of the susceptible 
cultivar was normally 6 to 8 weeks before transplanting. At seven-leaf stage, the leaves of L 390 
were cut with sickles to provide the avenue for wilt infection. 13W inoculun Was immediately sprayed 
using a power sprayer. The field was plowed and prepared fbr planting of test materials when nearly 
100 CAof* the susceptible plants had died. To further insure good inocului 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 4-in long rows with 40 cm space between plants. For relative 
comp.rrisons stsceptible t1, 390) and resistant (1. 285) plants were planted alternately at tile center 
of" each bed. All tests were replicated twice in a randomized complete block design. 

Survival rate (7() was transformed to arcsin multiplied by the square root of the percentage prior 
to statistical analyses. Ii addition, the relative resistance of each test line against the highly resistant 
check (I. 285), designated as RRL. and against the best breeding line (CLN 65-349-349-2-0). designated 
as RRII, was calculated to determine their levels of resistance. Further analyses were done to compare 
the RRI. of each entry with its within-plot RRI. (derived by comparing its survival rate with that of 
L 285 in tie same bed). This analysis was done in two independent trials to test tile homogeneity 
of' inoculum distribution in the nursery. 

Table 2. Sets of materials screened for BW resistance in 1987. 

Code Total Sowing Transplanting Remarks 
number entries date date 

TB86.12 95 8/25/86 9/30/86 Further selections from CL 5915 series 
TB87-12-1 65 4/14/87 5/13/87 New 'BWR' introductions 
TB87-12-2 72 4/14/87 5/12/87 Large-fruited Fl hybrids and parents
TB87-12-4 28 4/14/87 5/13/87 Selections from advanced lines 
TB87-12-5 43 5/5/87 6/ 5/87 Selections from advanced lines 
TB87-12-6 44 7/28/87 9/ 2/87 Nematode-resistant BC1 F5 tropical line 
1B87-12-7 78 7/28/87 8/27/87 Nernatode-resistant 8C 1F5 tropical line 
TB87-12-8 100 7/28/87 9/ 2/87 Nematode-resistant BC1 F5 tropical line 

Results and Discussion 

The BW infection levels of* the susceptible check, L 390, were good. Survival rates of 1.390 
in the eight tests ranged from 0 to 38%. Although the upper limit was high, this value was obtained 
in only one test. in fall 1986 when the ten'peratures were mild. The coefficients of' variation 'Vs) 
in the tests were good, mostly below 25 C, except Sets 87-12-5 and 87-12-8, both with CVs greater 
than 307. 

Figures I and 2 show the close relationship between the two types of RRI.s (vs L 285 in tile 
same plot and inanother plot) in two experiments. Ho nlgeneity o'f inoculuim distribution was, therefbre, 
unquestionable in these trials. 

Table 3 suniiarizes the results otf screening the Set T1386-12 in fIall 1986. The results confirnied 
the excellent resistance levels in the CL 5915-93 and Cl 5915-223 series, as had been noted by 
AVRDC's international cooperators. All the series listed in Table 3 have been in the international 
i'istribution list since 1984. 
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Fig. 2.	Regression of relative resistance based on independent plot of L 285 to relative 
resistance based on L 285 within plots in Set TB87-12-1, AVRDC, fall 1986. 

Screening of new introductions which were reported by their donors to carry BW resistance showed 
it number of' promising stocks (Table 4). Some of' these new gcrniplasm were observed to produce 
large fruits during the trial, e.g. CRA series and Caraibc. They should be useful as parental stocks 
in the AVRDC breeding progrni, especially to improve the I'ruit size of' tropical tomatoes. 
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The most promising BW-resistant and large-fruited Fi hybrids from crosses of parent stocks with
varying degrees of resistance are given in Table 5. Except fr FMTT 28, these Fl's came mainly
from crosses in which both parents carried varying levels of esistance. A summary chart comparing
the BW reaction relative to the better BW parent from tv,,.j types of crosses is shown in Figure 3.
When both parents carried BW resistance, about 75 % of the Fl's were at least equal in perlormance
to the better resistant parent. In contrast, about 70% of the crosses had lower BW resistance than
the better resistant parent when one of the parents was susceptible. It is clear, therefore, that good
levels of tesistance in both parents are essential to attain a good level of resistance in the Fl hybrid.
Exceptional cases do exist, however, as may be noted in Figure 3 

Table 3. Frequency o' selections from advanced breeding families 

highly resistant to bacterial wilt, AVRDC, fall 1986. 
Series or families Number of HR Linesz 

CL 5915-93 13 
CL 5915-222 1 
CL 5915-223 5
CL 5915-206 4 
CLN 65-349 2
 

ZHR = highly resistant (100% 
 survival rate). 

Table 4. New bacterial wilt-resistant introductions vs check cultivars, AVRDC, 1987. 
Entry Source Varietal name Survival RRLZ RRB y
 

BL 355 Malaysia MT 10 100 a 109 
 100
BL 410 Philippines IM 2 100 a 109 100BL 312 Guadeloupe CRA 94-6-3 100 a 109 100BL 350 Malaysia MT 5 100 a 109 100BL 323-20 Guadeloupe CRA 84-26-3.20 100 a 109 100

BL 333 Guadeloupe CRA 84-58-1 100 a 109 
 100BL 342 Guadeloupe CRA 84-79 97 ab 107 97BL 341 Guadeloupe Caraibe 97 ab 107 97BL 162 Japan LS 89 97 ab 107 97BL 352 Malaysia MT 7 97 ab 107 97BL 347 Malaysia MT 2 97 ab 107 97

BL 176 Panama 19L x 1-12LV #12
 

F7 
 97 ab 107 97CLN 6 5 -3 4 9 -2-0 X AVRDC - 100 a 109 100 
L 285 x 

Chang No. 1 91 a-c 100 .
L 390' Nantzu Apple type 0 g 0 1

ZRRL = relative resistance against resistant accession, L285. RRB relative ros~stancL; aainst resistant breeding line,CLN o5-349-2-0. 'Resistant check. WSusceptible check. 

Table 5. Promising bacterial wilt-resistant and large-fruited Fj's vs checks, AVRDC, 1987. 

Combination Type ofz Survival rateCombinatio cross (%)RRL1 RRB x 

FMTT 51 MR/HR 97 97 107
FMTT 43 MR/HR 97 97 107
FMTT 54 HR/HR 97 97 107
FMTT 28 HR/HS 94 94 104FMTT 18 HR/HR 94 94 104

FMTT 48 HR/HR 94 94 
 104
FMTT 37 HR/R 94 94 104
FMTT 38 HR/R 93 93 104 
FM1T 19 HR/HR 91 
 91 100
 
L 285w 
 HR 100  110
CLN 65-349-2.0w HR 91 91 -

ZMR = moderately resistant; HR - highly resistant; HS = highly susceptible: R = resistant. YRRL = relativeresistance against resistant accession, L 285. XRRB = relative resistance against resistant breeding line, CLN 
65-349-2-0. 

http:65-349-2.0w
http:84-26-3.20
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The best entries from Sets 87-12-4 and 87-12-5 are given in Table 6. Most of these tropical 
selections compared favorably in the BW resistance levels with L 285 and CLN 65-349, possibly 
the two most resistant genetic materials in the AVRDC program. 

The most promising nematode-resistant tropical lines are given in Table 7. These new lines carry 
multiple resistances to bacterial wilt, nematode and tomato mosaic virus. In addition, ihey have been 
selected for fair to excellent fruit set during the hot season, improved fruit size, crack resistance and relative 
firmness. The selected lines from these tests will be evaluated in replicated yield trials in summer 1988. 

80 M Susceptible 	 70 
0

60 F Resistant 50 

4O 25 2O5252 40 	 ...... 

0 
BWR+ BWR= BWR-


Reaction relative to better parent 

Fig. 3. 	Comparative resistance of Ff's derived from crosses among 
resistant stocks vs crosses among susceptibies with resistant 
parents (Note: BWR + = resistance Is higher than the better 
resistant parent; BWR = resistance Is equal to the better 
parent; BWR - = resistance lower than the better parent). 

Table 6. Bacterial wilt reaction of the best advanced breeding lines vs checks, AVRDC, 1987?. 

Entry 	 Survival rate (%) RRLZ RRB y 

Set 87-12-4L 2851 	 94 a-d 100 98 

CLN 65-349-2-0k 96 ab 102 100
 
CL 6046BC3F2(2)-51-1-O-20-5 100 a 106 104
CL 59F15-206-2-2-32-14 	 97 ab 103 101 

CL 5915-206-2-1-0-11 96 ab 102 100
 
CL 6046BCaF2(2)-51-1-0-8-17 96 ab 102 100
 
L 390 (sus ck) 0 g 0 0
 
Set 87-12-5
 
L 285x 100 a 100 103
 
CLN 65-349-2-0x 97 ab 97 100
 
CL 6046BCaF2(2)-51-1-0-20-5-18 88 a-c 88 91
 
CL 6046BC3F 2(2)-51-1-0-20-5-9 73 a-d 73 75
 
CL 6046BCaF2(2)-51-1-0-8-17-7 64 a-e 64 66
 
CL 6046BCaF2(2)-51-1-0-8-17-5 64 a-f 64 66
 
L 390w 0 j 0 0
 

ZRRL =relative resistance against resistant accession, L 285. YRRB = relative resistance against resistant 
breeding line, CLN 65-349-2-0. 

Analysis of Segregation for Heat Tolerance: 
Evidence from a Different Cross 

Summary 

Genetic: analysis of the cross C L 5915-153-3-3-0/BL 267 did not readily show the characteristic
bimodality of distribution that was evident in the 1986 genetic materials. Given the unexpected 
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Table 7. Bacterial wilt reaction and other horticultural characters of the best new tropical
lines carrying nematode resistance vs checks, AVRDC, summer 1987. 

EtySurvival 

Entry rate (%) RRL RRB Fruit setz Fruit sizey Cracking Firmness x 

Batch VI
 

CLN 475BC1F2-265-7-0 100 100 100 G M None F
 
CLN 657BClF2-188-0.5 100 100 100 G ML 
 None MF
CLN 698BCIF2-24 ' -7 100 100 100 G SM None MF
 
CLN 698BCIF2-371-t. 100 100 100 F M 
 None F
 
CLN 657BCIF2-274-0 .1 100 
 100 100 G M None MF
 
CLN 657BC1F2-285-C ' 9 100 100 100 
 G M None MF
 
CLN 657BC 1 F2-285-0-17 100 100 1OG E M 
 None MF 
CLN 65-349-2-0 (res ck) 100 100 100 G M None FL
 
285v 100 100 100 
 VP VS -

Batch VII 

CLN 656BC1F2-36P-7 100 103 100 G L None F
 
CLN 656BClF2-36P-11 100 103 100 
 F ML Slight radial F 
C.N 656BC1F2-36G-29 100 103 100 F M Slight radial MF 
CLN 684BCIF2-58-5 100 103 100 F ML Slight radial MF
 
CLN 656BC1F2-36G-30 100 103 100 . F 
 L None F
 
CLN 65-349-2-0 (res ck) 
 100 103 100 F M None F
 
L 285w 97 100 97 VP VS -


Batch VIII
 

CLN 729BC1F2-264-0 100 116 100 E M None MF
 
CLN 657BCIF2-283-0 100 
 116 100 E SM None MF
 
CLN 698BClF2244-0-12 100 116 100 G 
 SM None MS
 
CLN 657BC1F2-214-0-4 
 100 116 100 E SM None MS
 
CLN 657BCIF 2-214-0-9 100 116 
 100 E M None F
 
CLN 65-349-2-0 (res ck) 100 116 100 G 
 M None F
 
L 285w 86 100 86 VP VS  -


/VP = poor. F = fair. G good. E = excellent. YVS = very small; SM 
 = small to medium; M medium; ML = medium 
to large; LI large xMS :-moderately soft: MF = moderately firm. F firm. WResistant check. 

hetero',.ygosity of the heat-sensitive parent. BL 267, this was not surprising. There were still compelling
indicati:ns that the number of heat tolerance genes differentiating the parents in the present cross 
may also be as few as had been concluded in the 1986 study.

A single backcross to the recuri-ent tropical parent did not show any decisive advantage over selfing
to produce F.'s interms of increased frequency of selectable individuals. The advantage, if atiy, is 
not enough to offset the tedium of manual pollinations to produce the backcross progenies. 

Introduction 

In1986. preliminary evidence that heat tolerance could be controlled by a limited number of genetic
factors with major effects oti the trait along with an undefinable number of minor genes was obtained. 
However, the proof was obtained only tronm one cross. In 1987. therefore, additional evidence was 
obtained, by reexamining the behavior of heat tolerance in another cross using the same filial families 
as in the 1986 study. 

Materials and Methods 

This study concentrated on the cross betwecn CL 5915-153-3-3-0, a tropical line with excellent 
level of heat tolerance, and -11, 267, a Campbell line carrying fruit firmness and nematode re:istance. 
The tropical line servcd as the recurrent parent (PI) in the only backcross made lbr this combination. 
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A complete set of P1, P2, F1, F2, BCIFI and BCIF 2 families were obtained from the cross. All 
seeds were sown on 22 May 1987 and transplanted to pots (ca. 5" internal diameter) under the shade 
on 22 June. Population sizes were: 36, 36, 36. 216, 36 and 216 plants for Pi, P2, Fl, F,, BCIFI 
and BCIF?. respectively. 

At flo, 2ring time, four clusters per plant of the different families were tagged carefully to ensure 
that only flowers of similar age were sampled for determination of fruit set percentage. 

The fruit set data, transformed to arcsin ,',/c. of heat-tolerant P, plants served to build a 5% 
confidence interval about its mean and the derived range was used in arbitrarily scoring heat tolerance 
of individual plants from different families. Similarly, this range was derived for the heat-sensitive 
P2 family to serve as the arbitrary score value for heat sensitivity. 

Results and Discussion 

The mean fruit set of BL 267, the intended heat-sensitive parent, was not low in this study, indicating 
that it was not very sensitive to heat (Fig. 4). Some of its higher fruit set values overlapped with 
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the lower values of the heat-tolerant parent. Moreover, the variance for fruit set of this parent was 
large, even larger than that of the F2 population. 

The measures of dispersion, such a! variance and standard deviation, did not behave as expected,
i.e. nonsegregating groups, such as the parents (especially P2) and FI showed larger variations than 
the F2 and BCiF 2 populations. In fact, the Fr population had the highest variance, implying that one 
or even both parents were not genetically stable for the heat-tolerant genes. 

The bimodal distributions of fruit set that were distinct in the F2 and BCIF 2 generations in the 
1986 study of another cross was not highly evident in tile present materials. The P2 family, probably
segregating as supposed above, did exhibit a discrete distribution pattern. To a lesser intensity, the 
t I generation also displayed a similar trend. However, the population size of the Fi fanily was small 
to adequately detect this behavior. While the present evidence is not as pronounced as in the 1986 
materials, it is still a tenable argument that heat tolerance behaves as a quasi-quantitative trait, likely
controlled by a few major genetic factors and a number of minor genes providing a background effect 
to the trait. 

Based on the confidence interval around the inean fruit set of the HIT parent, plants with fruit 
set values ranging from 41.12 to 46.12 (mean of PII ± 957, confidence interval) were classified as 
'heat tolerant' (HT). InIcontrast, fruit set ranging from 5.90 to 13.22 (mean of P, + 95' confidence 
interval) delimit the 'heat sensitive' (HS) category. In addition to these types. three other categories 
were adopted to score plants that did not fall within the above ranges. These were: intermiediate or 
Int (mean fruit set between the range for HT and HS); HS - (mean fruit set lower than 5.90). and 
HT + (mean fruit set greater than 46. 12). This HT + category may be considered as 'transgressive 
types. 

The comparative distribution of the discrete fruit set categories in various generations is shown 
in Figure 5. If'only the categories HT+ and HT are selected from segregating families, one backcross 
to the heat-tolerant parent does not offer a decisive advantage over straight selfing to produce Fe's 
as far as the proportion of selectable individuals are concerned (Fig. 6). This proportion was Just 
slightly higher in the BCIF 2 than in the F2 family. The proportion of 'transgressive' types was also 
slightly higher in the former generation (Fig. 5). 

Variation in Quality Between Near-Isogenic Determinate 

and Indeterminate Tropical Lines: Preliminary Results 

Summary 

Two near-isogenic lines differing in growth habit were compared for various fruit-quality attributes. 
The indeterminate isoline proved to be superior in maior quality parameters like soluble solids, total 
solids, color and sugar-acid ratio to its determinate counterpart. Moreover, vitamin C was also 
significantly higher in the indeterminate isoline. Regulating the fruit load by maintaining a fixed number 
of developing clusters per plant also improved the vitamins A and C contents, resulted into higher
sugar-acid ratio, and produced slightly more acidic fruits. From these preliminary results. selection 
of indeterminate tropical lines should lead to new genotypes with better quality than could be obtained 
with deterninate tomatoes. The use of indeterniinate varieties miay also be combined with the traditional 
pruning system to obtain further improvements in quality. 

Introduction 

At the inception of AVRDC's tropical tomato program, the AVRDC tomato breeders aimed mainly 
at developing determinate tropical lines. Econornics was the overriding factor for this choice: bush 
tonatoes are cheaper to grow because they do not need staking. While this goal was relevant at that 
time to the needs of miost national programs in the developing world, there have also been persistent 
requests from others for tropical lines with better quality and improved fruit size to supply their quality
conscious tourist industries. 
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It is well-known that fruit size can he regulated by pruning axillary shoots and regulating the 
fruit number per truss. AVRDC breeders. therefore started the selection of indeterminate lines in 
198 I.Indeterminate cultivars are more amenable to pruning than the bushy, determinate tomato. Apart 
from suitability for pruning. there have been studies in temperate countries (Emery and Munger 
1970)1 showing that certain components of fruit quality, such as soluble solids, attain better levels 
in the indeterminate than in the determinate tomatoes. To confirm whether breeding for indeterminate 
tropical lines would result in improved fruit quality under tropical conuitions. two near-isogenic lines 
varying in growth habit were extracted from one BC1F2 population and their quality attributes 
compared. 

Materials and Methods 

The near-isogenic determinate (sp) and indeterminate (sp +) linies were extracted from a BC3F2 
population of CL 6046. derived from the cross CL 1131/ Mopcrou, using the former, a tropical line, 
as the recurrent parent. Theoretically. these lines share only 94% coninmon genetic background and 

I rnery, G .C. . 1970. oft on fruit sizeand st luhesolid.,,and It.M MIungr. tlcctl,inherited di fcrcnccs in g rowth habit in 
-onlao.Amr. Sc. Hor. Sci. 9514):41.12412. 
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may not be the most ideal genetic material for this study. However, results fron using them should 
provide a good preliminary trend lbr various quality attributes. 

The isolines were sown on I October 1986 and transplanted to the field on 29 October. The 
experimental design used was split plot with isolines as the main plot and pruning as the subplot.
The pruning treatment involved maintaining only two branches per plant, each allowed to develop 
only five fruit clusters, or a total of 10 trusses per plant. This treatment was included to determine 
ifquality can also be improved by regulating the fruit load per plant. Each plot consisted of two double
row 6 1112 beds with rows spaced 60 cm apart and plants within tile row at 40 cm apart. Tile 
experiment was replicated three times. The following quality attributes were measured: t3-carotene, 
vitamin C. pH, Brix, titratable acidity, Hunter color, total solids and sugar-acid ratio (SAR). 

Results and Discussion 

The quality attributes of determinate vs indeterminate isolincs are shown in Figure 7.Only traits 
which showed significant dilferences are included in the chart. The indeterminate isoline showed 
superiority in all important quality parameters, such as soluble solids (Brix), color, total solids and 
sugar-acid ratio. High sugar-acid ratio, in particular, is known to impart good overall tomato flavor. 
In addition, tile indeterminate line also showed significantly higher vitamin C content than tile 
determinate line. From these results, it seems certain that breeding an indeterminate tropical tomato 
would lead to improved fruit quality under tropical conditions. 

The effect of regulating the number of fruits per plant on fruit quality is depicted in Figure 8. 
Pruning resulted in higher contents of vitamins C and A ((3-carotene), more acidic fruits, and higher 
sugar-acid ratio (fOr better flavor) than when all fruits were allowed to devclop. 
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Fig. 7. Comparative fruit quality parameters of indeterminate and determinate tomato 
isolines. 
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Yield Trials of Tropical Breeding Lines 

Summary 

Three batches of tropical lines Were evaluated in the 1987 summer season. Of the few nematode 
resistant tropical lines tested, none proved to be superior in yield and heat tolerance to the heat-toleran 
checks. The lines that showed advantage in fruit firmness will be further tested in 1988. 

Amo ig the bacterial wilt- and ToMV-resistant lines, one entry [CLN 294BIF 2(G)-28-17-1
outyield .d the heat-tolerant check, C L 5915-153-3-3-0, and produced firmer, less cracked fruits withou 
blotchy ripening symptoms. This line will be included in the international distribution list. 

Introduction 

The tropical tomato program continued the selection of new lines possessing the two most inportanl
attributes for tropical adaptation, namely, heat tolerance and bacterial wilt resistance. In addition,
resistance to other diseases, such as tomato mosaic virus and nematode, and better traits like fruit 
firmness, crack resistance and improved size, are also important breeding goals. All new lines that 
are stable for disease resistance and other characters are evaluated for yield and other characters during
the hot, humid season. 

Materials and Methods 

Three types of materials were evaluated for general performance in the observational trials during
the 1987 summer season. 

Two batches consisted of the first few sets of bacterial wilt and nematode-resistant lines which
h-Ld not been tested thoroughly for heat tolerance. One group comprised of 14 indeterminate lines 
tested against the heat-tolerant, indeterminate check, CL 5915-206-2-2-0-4: the other was made up
of seven determinate lines tested against the heat-tolerant, determinate check, CL 5915-153-3-3-0. 

The other batch consisted of 43 bacterial wilt and ToMV-resistant selections which had been selected 
previously for fruit firmness. All lines were determinate and were, therefore, compared to The heat
tolerant check, Cl_ 5915-153-3-3-0. 

Trials of determinate lines generally consisted of single- row, 4.8-rn long plots, with rows spaced
1.5 in apart and plants within the row at 40 cm apart. The trial of indeterninate lines consisted of 
double-row 4.8-in long plots, with rows 75 cm apart and plants within the row at 40 cm apart. All 
trials were replicated twice. The three trials were sown on 8 May 1987 and transplanted to the field 
on 9 June. 

Results 	and Discussion 

Of the few nematode-resistant lines evaluated in the 1987 summer season, none proved to he 
superior in fruit set and yield to the heat-tolerant checks. However, sonic of the new lines did show 
clear advantages infruit firmness and will be further tested in the 1988 summer season. 

The best performing lines from the third trial batch are listed in Table 8. The best new line, CLN 
294 Bi F2(G)-28-17-1. significantly outyielded the heat-tolerant check, CL 5915-153-3-3-0. Moreover. 

Table 8. 	Yield and other horticultural characters of the best determinate tropical lines 
vs the check (Batch Ill), AVRDC, summer 1987. 

Fruit Fruit
 
trVYield (t/ha) set 
 size Cracking' Blotchy FirmnessYTotal 	 Marketable (g) ripening 

CLN 294BC1 F2(G)-28-17-1 26.9 a 	 26.7 a 15.8 a-e 34.4 d-h SL,C/R None MF
CLN 295BCIF2(G)-51-10 19 5 a-c 19.5 a-c 16.7 a-d 	 23.1 i-l SC/R Moderate MF
CLN 2948CIF2(G)-28-10-1 19.1 a-d 17.3 a-d 13.1 b-h 31.5 d-i SR 	 None MF
CL 5915-153-3-3-0 (HT ck) 15.7 b-f 15.4 b-g 26.1 a 28.1 e-I S,C/R Moderate MS 

'SL. C/R = slight, concentric/radial cracks, S. C/R = severe concentric/radial cracks; S,R severe radial cracks.= 	 YMF = 
moderately 	 firm; MS = moderately soft. 
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this line produced moderately firm fruits without blotchy ripening symptoms and with slight concentric 
and radial cracking. 

Yield Trials of Processing Tomato 

Summary 

Four preliminary and six advanced trials of new processing hybrids were conducted in the 1986 
winter and 1987 spring seasons, respectively. Outstanding hybrids selected from tile 1986 PYTs showed 
tile fiollowing desirable characteristics: high yield, good soluble solids content, fruit firmness and, 
in a few cases, better concentrated harvest than the check cultivars. The best selections fron these 
trials were entered in the advanced trials conducted in the 1987 spring season. 

The best performing hybrids in tile AYTs also showed the same desirable characteristics as in 
the PYTs, except that the soluble solids content in these trials generally tended to be lower, presumably
becausC of the high soil moisture and temperature conditions during the harvest period. The soluble 
solids content of the selected hybrids were always comparable. however, with that of tile norially
good solids check. TK 70. Four hybrids pcrlorned consistently well in both winter and spring cropping 
seasons. 

Mulching with black plastic inva: iably improved tile productivity of tomatoes in the advanced 
trials without Undue eflects on their processing quality. However, mulching encouraged excessive 
vegetative growth and greater incidence of' foliage diseases. 

Introduction 

As reported in 1986, the tropical lines are now major parental stocks in the development of 
processing toinato hybrids. The infusion of tropically adapted genotypes into tie processing toniato 
program has been accelerated especially in tile use of' lines with improved firminess and disease 
resistance. 

In 1987 the search fOr processing hybrids with heat tolerance, resistance to diseases such as ToMV. 
nematode and bacterial wilt. acceptable processing qualities, improved fru.it firmniess and concentrated 
set was continued. 

Materials and Methods 

Four sets of preliminary trials (PYT) were conducted in win-ter 1986. The hybrids selected froni 
these PYTs were then entered in the six sets of advanced trials (AYT) conducted in spring 1987. 
In all trials, Tainan No.3 (originally PT 3027), Tainan Selection No. 2. and TK 70 served as the 
comion check culivars. Additional inl'rmation on these trials are given in Table 9. 

Table 9. Preliminary and advanced yield trials conducted in winter 1986 and spring 1987. 

Total Date Date Plot No. of[xpt. Code entries sown transplanted size replications Type of trial 

Winter 1986 
TB86-15-14 30 9/8/86 10/7/86 12 m2 2 Preliminary
TB86-15-15 24 9/8/86 10/7/86 12 m2 2 Preliminary

2TB86-15-16 24 9/8/86 10/7/86 12 m 2 Preliminary
2TB86- 15-17 26 9/8/86 10/7/86 12 m 2 Preliminary 

Spring 1987 
B87 151 14 12/12/86 1/19/87 24 m 2 3 Advanced 
TB87-15-2 12 12/12/86 1/19/87 24 m 3 Advanced2TB87-15-3 12 12/12/86 1/19/87 24 m 3 Advanced 
TB87-15-4 14 12/129/86 2/9/87 24 m 2 3 Advanced 

TB87-15-5 12 1/9t87 2/17/87 24 m2 3 Advanced 
TB87-15.6 10 119/87 2/17/87 24 m2 3 Advanced 
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One out of three replicates in each of' the advanced trials was mulched with black plastic to determine 
if' this treatment affects yield and quaility. Ifnot, this practice could he adopted as a general cost
reduction method in tomato yield trials and other experiments. The other replicates were mulched 
with standard rice straw. Theoretically, the conlrOunding of* tile with the replicatemulching treatment 
in these trials should not afTect tie treatment differences. 

Yield and other horticultural characters were recorded accordinge to AVRI)C's stmdard procedures.
lo enable tilefull expression of'concentrated I'mit set. Iruits of each entry were allowed to stay on 
tile for as loug as possible heftOre the first harvestvine was taken. The aCtual Vield at first harvest 
was used as an inil ica t r of' tile potential for oncce-Mwe r harvest. 

Results and Discussion 

The most promiising h'brids f'rli the lur PYT sets are listed in Tahles 10 to 13. All selections 
produced rioderatel'V firm to very firri fruits, had solids content of 5, and higher and good yields.
PT 4026 and PT 412 i in Group V trial (Table 10) showed the hest corcentrations of yield among
the new hybrids, both giving high actual viehlds t first picking. 'he check, TN-3, also showed good
toncentrati tntfl harvests in two trials.lie hige ad vant.ldVge inctnllCctlraIted ha ests of tie new hvbrids 

is ob\'ious when comnipared with TK 7). Whereas TK 70 avera-ed only :1)" harvestable fruits at first 
picking. 60,'f to 70''; of the firul marketable \ields of li hbrid. like PT 4026 and PT 412 1,could
be harvested(IOne. 

It is well kno%,n that lijeh fruil ield nr11alV leads to0ho. solids content. This relationship is 
depicted in two of tile 9 and 10). While the negative trend ill the vield and solublefour IP'l's (Figs. 

solids relationship was still eOident, tilepoints were well-scattered reeression
along tile lines that
 
simultaneously seletine Ihr gellotypes with high 'ielid and high solids was not difficult. These desirable
 
hybrids are those enclosCd ith in the 'elite entries'' quadrant of' the scattergraims. The iminimum 
limits of this quadrant are content of 5 " and yield of' 85 t/ha.soluble solids total 

The hvl'riis that peil'flied \%ell advanced trial sets ire ,iven ill 'l'ables 14 to 1ll. Generally,in tile 

the soluble solids ill the spring crop \%
as lower than illthe winter crop. Since itost otf the spring crop
 
was harvested t tileoiset tf the raill\ periods and high teltlperatures. tilereduction tOf' solids content
 
was hardly surprising. Solids content of the tomato fruits eniierally decreased when the soil Moisture
 
arid 	ambient telmperatures w\ere high. 

Altholugh tIle solIble solids Ctntelts l'the selected hil\ rids were Itow. the\ were alwlays Coillparable 
tol that tlf the ntlrlall\ hiegl solid check, TK 70. in the same trials. The selected hvrids uenerallv 
yielded well compared to the check cultiVars. Mtrcover, they produceil nio&ieratelV firn tofirm flruits. 

Thie vicil at fi-st picking tlf' TK 7t) in the spring crop inprtoedi over its \winter lierll'iriance. 
On the average. 301'; oti more of 'TK7(W's yieli could he secured at first harvest. lHowever. its absoIlute 
first harvest vields in tile six adilanceid tests \\re ptl. Ill contrast, first ha rvest vields ol'sollic lybriis, 
e.g. PT 4027 (Group Il,PT 4060 (Group Il-Al, PT 4148 (Grtloup l-l). P'" 4163 (Group II-C) aid 
others. w\ere tl,.r 50 t ha at first picking. The proportion of* final nairketabl, vield that could be picked 
at first harvest ranged f'rom 71)'.(to 8)'" lor these lhbrids. 

Four hybrids per frnled ctOilSiste utlv well in bIth winter anid spring cropping se asons. These stable 
perl'Orming hybrids \\cre: PT 4 149, PT 4 165. P' 4060 aild PT 4110. 

Withut an\ eceptir. lilulch o tf, tihe replicales in all ad iMilCCd trials imprtved the productivity 
of' to'nlattes withtlntprntlllriceiI elIect Oilprlocessirig illity. Results fromli tw'tl tire six advanced 
trials are depicted in FiCures II aInd 12. WhilC the beiiefits Irtl rriulchiine are tbvioUs. soile of' tile 
possible adverse eflecls include greater incidence of' Itliar diseases. especially .1ter-nriasolani, and 
excessive vegetatis e gr'owth which could Ihaniper nornial field toperations. 

International Cooperation 

Germplasm Distribution 

AVRDC's seed distribution in 1987 reached 95 ctr perators in 59 countries. Total seed packets
distributed was 2.136. A total of' 124 new introductions from different sources was also received. 



Table 10. Yield and other horticultural characters of the best processing hybrids vs check cultivars in the preliminary yield
trial (Group V), AVRDC, winter 1986. 

Total yield(t/ha) Marketable yield(t/ha) Fruit 
Entry Final First 

harvest 
Final First 

harvest 
size 
(g) 

pH Brix ° Acidity Hunter 
color 

Firmness coverY compact 

PT 4165 
PT 4026 
PT 4121 
PT 4172 
PT 4149 
PT 4071 
PT 4118 

109.8 a 
102.6 a-c 
100.6 a-c 
89.6 a-c 
76.1 a-c 
75.5 a-c 
70.1 bc 

53.0 a-e 
69.6 a 
60.5 a-c 
53.0 a-e 
49.8 a-f 
48.8 b-g 
41.2 c-i 

102.0 a-c 
96.8 a-d 
968 a-d 
84.8 a-d 
73.3 a-d 
73.3 a-d 
68.8 cd 

52.4 a-e 
67.4 a 
59.8 ab 
52.2 a-e 
48.9 a-f 
48.1 a-f 
40.9 b-g 

86 b 
69 e-h 
86 b 
71 d-g 
54 kI 
55 jk 
58 h-k 

4.19 fg 
4.28 a-f 
4.19 fg 
4.20 d-g 
4.19 fg 
4.26 b-t 
4.21 d-g 

5.00 a-e 
5.10 a-e 
5.55 ab 
5.08 a-e 
5.75 a 
5.45 a-d 
5.25 a-d 

0.37 a-c 
0.31 b-i 
0.33 a-g 
0.34 a-g 
0.37 a-d 
0.31 d-j 
0.33 a-h 

2.84 a-d 
2.68 b-d 
2.86 a-c 
2.66 c-e 
2.66 c-e 
2.66 c-e 
2.70 b-d 

MF 
MF 
F 
MF 
MF 
VF 
MF 

E 
G 
G 
G 
G 
F 
G 

G 
G 
G 
G 
F 
G 
F 

TN-3 (ck) 
TN-2 (ck) 
TK 70 (ck) 

78.8 a-c 
92.2 a-c 

104.5 a-c 

29.1 g-j 
55.7 a-d 
23.6 h-j 

75.8 a-d 
90.2 a-d 
96.0 a-d 

28.7 f-i 
55.4 a-d 
23.3 g-i 

56 jk 
87 b 
88 ab 

4.30 a-d 
4.24 b-f 
4.23 b-f 

5.08 a-e 
4.85 a-e 
4.60 b-e 

0.31 d-j 
0.27 ij 
0.32 b-i 

2.43 h 
2.74 a-d 
2.65 cf 

MS 
F 
S 

F 
G 
E 

F 
F 
E 

ZS = soft. MS = moderately soft: MF = moderately firm: F = firm: VF = very firm. YF - fair: G = go,d E = excellent. 

Table 11. Yield and other horticultural characters of the best processing hybrids vs check cultivars in the preliminary yield
trial (Group VI), AVRDC, winter 1986. 

Total yield(t/ha) Marketable yield(t/ha) Fruit 
Entry Final First Aiiy HunterFinal First size pH Brix Acidity color Vine VineFirniness covery compact

harvest harvest (9) 
PT 4110 98.2 a-c 46.4 b-f 95.1 ab 44.8 b-e 89 b-f 4.28 ab 5.20 a-d 0.33 de 2.41 f MF E EPT 4022 84.8 a-c 48.8 b-d 79.8 ab 47.7 bc 63 gh 4.29 ab 5.17 a-e 0.33 de 2.82 a-e MF F FPT 4146 80.6 a-c 47.5 b-e 77.8 ab 46.7 b-d 64 gh 4.27 ab 5.15 a-e 0.32 e 2.64 c-e MF F GPT 4056 79.1 a-c 51.5 a-d 77.0 ab 50.7 a-c 66 f-h 4.24 ab 5.20 a-d 0.32 e 2.69 b-e MF GPT 4161 76.6 a-c 42.7 d-g 74.1 ab 42.1 c-g 73 d-h 4.17 b 

G 
5.35 a 0.39 a-d 2.83 a-d MF F F 

TN-3 (ck) 106.2 a 64.8 a 103.8 a 63.8 a 62 gh 4.24 ab 4.85 a-g 0.34 b-e 2.82 a-e MS F FTN-2 (ck) 85.2 a-c 41.9 d-g 84.1 ab 41.8 c-g 82 d-g 4.27 ab 5.15 a-e 0.25 f 2.69 b-e F GTK 70 (ck) 93.8 a-c 14.1 i 91.3 ab 13.6 i 92 a-d 4.25 ab 4.92 a-g 
F 

0.37 b-e 2.79 a-e S E E
2S = soft. MS = moderately soft: MF = moderately firm: F firm. YF = fair: G = good: E = excellent. 



00 
Table 12. Yield and other horticultural characters of the besi processing hybrids vs check cultivars in the preliminary yield trial (Group VII),

AVRDC, winter 1986. 
Total yield(t/ha) Marketable yield(t/ha) Fruit
 

Entry Final First Final 
 First size pH Brix' Acidity color Ve Vine 
harvest harvestcolor 
 Firmness cover compact

PT 4063 96.3 a-g 27.6 d-h 95.2 a-f 27.3 d-h 95 bc 4.17 f 5.17 a-e 0.35 ab 264 e-g VF G G
PT 4060 95.7 a-g 48.2 c-d 94.9 a-f 47.9 cd 78 de 4.18 d-f 
 5.50 a 0.33 ab 2.79 a-f MF G G
PT 4151 91.7 a-g 29.2 d-h 89.6 a-g 28.7 d-h 90 c 4.23 a-f 5.30 a-d 0.33 ab 2.63 fg MF F PTN-3 (ck) 101.1 a-e 71.0 ab 98.7 a-e 69.7 ab 65 f 4.18 ef 4.75 c-e 0.34 ab 2.87 a-c MS
TN-2 (ck) 99.2 a-f 42.1 c-g 97.9 a-e 41.9 c-g 92 bc 4.23 a-f 4.65 de 0.29 b 2.61 fg 

F F
 
F G FTK 70 (ck) 104.3 a-d 23.8 f-h 102.1 a-d 23.6 f-h 92 bc 4.21 c-f 4.80 b-e 0.39 a 2.78 a-f S E E
 

"S = soft: MS = moderately soft: MF = moderately firm: F = firm: VF = very firm. 
 7F - fair: G = good: E = excellent.
 
Table 13. Yield and other horticultural characters of the best processing hybrids vs check cultivars in the preliminary yield trial (Group VIII), 
 <
 

AVRDC. winter 1986. 

Total yield(t/ha) Marketable yield(t/ha) Fruit
 
Entry Final 
 First Final First size pH Hunter Vine VineBrix' Acidity color Firmness covery compacti' "0 

harvest harvest (g) oc 
PT 4126 87.3 a-c 28.3 a-c 85.4 a-c 28.2 a-d 75 e-h 4.22 b-e 5.10 ad 0.33 b-e 2.80 a FDT 4098 87.0 a-c E G24.6 a-c 85.2 a-e 24.4 a-d 83 b-f 4.21 b-e 5.98 a 0.33 b-e 2.70 ab F F F
TN-3 (ck) 87.3 a-c 33.2 ab 83.0 a-c 32,6 a-c 
 64 h 4.26 a-e 5.10 a-d 031. de 2.70 ab MS F FTN-2 (ck) 82.8 a-d 31.3 ab 77.9 a-d 31.3 ab 84 b-f 4.26 a-e 5.65 ab 0 27 e 2.67 ab F G FTK 70 (ck) 94.8 ab 17.9 c 90.7 ab 177 d 91 a-d 4.13 e 5.22 a-c 0.39 ab 2.77 ab S E E 

S = soft: MS moderately soft: MF = moderately firm. F = firm: VF = very firm F fair: G = good: E = excellent. 0_
 
Table 14. Yield and other horticultural characters of the best processing hybrids vs check cultivars in the advanced yield trial (Group I), 

AVRDC, spring 1987. 

Total yield(t/ha) Marketable yield(t/ha) Fruit Hunter Vine VineEntry Final First Final First size pH Brix c Acidity color Firmness covery compacty
harvest harvest (g) 

PT 4065 85 a 47 bc 78 a 44 a-c 71 c-e 4.09 d 4.55 ab 0.40 a-c 2.56 a MF C GPT 4149 80 a 46 bc 72 ab 43 bc 70 de 4.24 ab 4.68 a 031 d 2.49 bc MF G GPT 4165 79 ab 43 cd 71 ab 42 c 98 a 4.24 ab 4.45 a-c 0.42 ab 239 bc MF F
PT 4027 73 a-c 55 a 68 a-c 53 a 
G
 

61 e 4.13 cd 4.68 a 039 a-c 2.48 ab MF F FTN-3 (ck) 67 b-d - 29 e 58 cd 27 d 76 cd 4.31 a 3.80 d 0.32 cd 2.45 a-c MS F FTNS-2 (ck) 65 c-d 24 ef 59 cd 23 d-f 91 a 4.27 ab 4.10 cd 0.31 d 2.58 a F F FTK 70 (ck) 61 d 19 f 56 d 18 ef 92 a 4.32 a 4.65 a 0.37 b-d 2.55 a S E E
ZS = soft; MS = moderately soft: MF = moderately firm. F = firm: VF = very firm. tF - fair: G = good: E = excellent. 



Table 15. Yield and other horticultural characters of the best processing hybrids vs check cultivars in the advanced yield trials for Groups
Il-A, Il-B and Il-C, AVRDC, spring 1987. 

Total yield(t/ha) Marketable yield(t/ha) Fruit Hunter Vine VineEntry Final First harvest Final First harvest size 1%) pH Brix' yAcidity color Firmness cover compact y 

Group Il-A 
PT 4060 86 a 55 b 78 a 53 b 72 b 4.19 bc 4.50 a-c 0.31 d 2.39 f F F F
TN-3 (ck) 70 b 30 c-e 60 bc 
 28 c-e 72 b 4.24 a-c 4.18 c-f 0.36 b-d 2.56 a-c MS F FThS-2 (ck) 81 a 34 cd 74 a 33 cd 94 a 4.19 bc 4.27 b-e 0.31 cd 2.56 a-d F F FTK 70 (ck) 58 d 22 e 53 cd 21 e 97 a 4.27 ab 4.47 b-d 0.37 b-d 2.64 a S G E
 
Group Il-B

PT 4156 83 a 48 b 75 a 46 b 75 c 4.22 b 4.32 a-d 0.32 d-f 2.40 ab F G GPT 4148 80 ab 56 a 74 a 54 a 61 d 4.21 b 4.47 a-c 0.31 ef 2.40 ab MF G FPT 4106 80 ab 53 a 73 a 51 a 64 d 4.22 ab 4.32 a-d 0.34 c-f 2.42 ab MF F GTN-3 (ck) 71 a-c 31 cd 63 ab 30 c-f 73 c 4.21 b 3.85 e 0.34 d-f 2.48 a MS F FTNS-2 (ck) 73 a-c 33 cd 67 a 32 c-d 96 b 4.28 ab 4.20 b-e 0.29 f 2.46 ab F F FTK 70 (ck) 69 a-c 22 e 62 ab 20 g 97 b 4.32 a 4.58 a 0.34 c-f 2.50 a S G E
 
Group Il-C

PT "-163 75 a 57 a 67 a 56 a 70 fg 4.19 c-d 4.65 a-c 0.50 a 2.79 ab MF F EPT 4028 75 a 52 ab 64 a 50 ab 75 d-g 4.24 b-d 4.17 d-e 0.37 de 2.78 ab MF
TN-3 Ick) 57 bc 44 b-d 49 b 41 r,: 67 g 4.28 ab 3.93 f 0.35 e 2.65 cd MS 

F G
 
F FTNS-2 (ck) 44 cd 26 c 37 bc 25 d 94 a 4.23 b-c 4.73 ab 0.39 c-e 2.64 d F F FTK 70 (ck) 48 b-d 37 c-e 42 bc 34 cd 80 b-f 4.31 a 4.93 a 0.41 b-e 2.74 a-d S G E 

ZS = soft: MS = moderately soft: MF = moderately firm: F = firm: VF = very firm. YF fair: G = good: E = excellent. 
Table 16.Yield and other horticultural characters of the best processing hybrids vs check cultivars in the advanced yield trials for Groups

Ill-A and Ill-B, AVRDC, spring 1987. 
Total yie!d(t/ha) Marketable yield(t/ha) Fruit t unter Vine Vine 

Entry Final First harvest Final First harvest size ( ) pH Brix ° yAcidty color FirmnessZ cover compact y 

Group Ill-A
PT 4057 76 a 52 a 68 e 48 a 61 f 4.18 ab 4.78 ab 0.52 ab 2.85 a MFPT 4110 73 a-c 42 b 63 ab 38 bc 101 cd 4.23 a 4.70 a-c 0.47 b-d 2.72 a-c MF 

F 
F 

F 
FPT 4112 69 a-d 33 c 63 ab 30 cd 120 a 4.15 ab 4.63 a-c 051 ab 2.75 a-c MFTN-3 (ck) 72 a-c 30 cd 58 a-c 26 de 63 , 

F F 
4.21 ab 4.40 c 0.44 cd 2.83 ab MS F FTNS-2 (ck) 61 b-f 31 cd 50 b-d 27 de 106 bc 4.23 a 5.00 a 0.41 d 2.79 ab F F70 (ck) 54 ef 27 cd 46 cd 24 de 96 cd 

FTK 4.20 ab 4.97 a 0.54 a 2.84 a S G E
Group Ill-B 
PT 4043 78 a 42 ab 70 a 36 b-d 86 c 4.24 c 4.47 bc 0.41de 2.56 b MF F FPT 4124 73 ab 34 cd 67 ab 32 c-e 124 a 4.21 c 4.43 bc 0.48bc 2.56 b F F FTN-3 (ck) 71 ab 33 cd 59 a-c 30 de 69 e 4.29 b 4,30 c 0.41 de 2.60 b MS F FTNS-2 (ck) 66 bc 34 cd 58 a-c 32 c-e 104 b 4.25 bc 4.t 7 b 0.39 e 2.63 b F FTK 70 (ck) 58 c 26 d 50 c 24 e 98 b 4.20 c 5.17 a 0.52 a 2.90 a S G 

F 
G 

ZS = soft: MS moderately soft: " -moderately firm: F = firm: VF = very firm.' YF = fair: G = good; E = excellent. 
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Fin. 9. 	Relationship between soluble solids and total yield In Group V PYT, 

AVRDC, winter 1986. 
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Fig. 10. Relationship between soluble solids and total yield In Group VI PYT, 
AVRDC, winter 1986. 
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Fig. 11. 	Comparison of yield and other horticultural characters between 

replications mulched with black plastic and with rice straw In 
the advanced trial (Group I), AVRDC, spring 1987. 
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Fig. 12. Comparison of yield and other horticultural characters between 

replications mulched with black plastic and with rice straw In 
the advanced trial (Group II-A), AVRDC spring 1987. 

Official Cultivar Releases 

Three AVRDC tropical lines were released in two tropical countries in 1987, bringing the total 
releases since 1978 to 54 tropical lines in 22 countries. The 1987 iCleses are discussed below: 

" 	 Cf. 2784-I- 1-4 isthe first tomato line released in the Philippines. This is a processing type which 
consistently gave 161% higher yield than the check, Roma V[, illtests at seven locations during 
two consecutive dry season plantings. This line, coded 13PI-Tlm P-I hut also known locally as 
'Mapula'. tile was also reported to possess better pr,)cessing traits thanvernacular term for 'red', 

Roma V|F, i.e. bigger fruits, intense red color and soluble solids content of'6.311.
 

" 	 Two tropical liles were officially released to toni ato la rnuc rs in Tr inidad ald "lTobago hy the 
Ministry o1' Food Production. These lines are CL, 1131-0-0-43-4-12 named ('ES No. I (Centeno 
Selection No. I), and Cf, 143-0-10-3-I -10. named CF(; No. 2 (Centeno Selection No. 2). The 
special attributes that were reportedly found in thesc lilnes are: heiat tolerance (desirable lor wet 
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season production); suitability to high density planting; extreme tolerance to bacterial wilt;
resistance to fruit cracking; marketable yields of as high as 90 t/ha in four pickings; firm fruits 
with good solids content and excellent red color. 

Trial Feedbacks 

The highlights of reports of tomato trials conducted by AVRDC cooperators in 1987 as well as 
in previous years are given below: 

* 	 Shell Petroleum Development Corp.. Nigeria Ltd. tested five tropical lines in Bendel State, Nigeria
during the wet and dry seasons. According to the cooperator, lines CL 5915-93-1-0, CL 
5915-93-I -0-C- I and CL 59 15-223-2-I -0have commercial potential in that area and he would 
like AVRDC to sell tileseeds of these lines there. 

" A collaborative project between FAO and the Senegal Institute for Agricultural Research tested 
19 AVRDC lines against two local checks, Xin (CL 143-0-13-3-UG) and Xina, a nematode-resistant 
variety developed from Xin, during their hot. huimid season. Four out of the 19 lines have been 
included in the 1988 advanced trials. These were: CL 5915-93-1-0-L-2-0, CL 5915-206-2-2-0-4, 
CLN 229BCiF'-4-1-4-1-1 and CLN 236BCiF.-26-3-3-15. The last two belong to the firstbatc')
of the nernatode-resistant tropi,'al lines from the AVRDC tropical program.


" Sementi Ntnhems S.R.L. *2sted eight AVRDC lines during tile
sunimer season at St. Agata,
Italy. Lines PT 1565-2 and CLN 496 were reported to possess good quality and resistance to 
common lealf diseases. 

* 	 The NTT Integratcd Area Development Project in Kupang . Indonesia evaluated six AVRDC 
tropical lines against two local checks in two locations during 1986: Oefau/Soc, 900 in above 
sea level, and at Besi Pac/Bed lands, 50 i above sea level. Although yields at Oelau/Soc wcre 
extremely low (below 10 t/ha), tie AVRDC lines were decidedly better than the local cultivars. 
The reason given for the poor yields tinder the cool highland conditions of Ocfau/Soc was eagerness 
o farmners to prematurely harvest tilecrop belbre data could be collected. In the hot. huiiid location 
of Besi Pac/Bed lands, the best marketable yield of 20 t/ha was obtained from CL 5915-206-2-5-0. 
In contrast, the local check yielded only 10 t/ha although its fruit size was larger than those of 
the best AVRDC line. The project continued to test the best AVRI)C lines in1987.

" In another 1986 trial at Semarang. Indonesia, a cooperator at Akademi Farming Semarang found 
one line, CL 5915-39-1-2-0, which outperformed the locally recommended cultivar, Ratna, a 
selection from an AVRDC germplasm that was released in Indonesia in 1980. Marketable yield
of this line was about 15 t/ha, whereas Ratna yielded 10 t/ha. Its fruit size was also larger than 
those of Ratna. 

• 	The Elkod Research Center in the People's )emocratic Republic of Yemen conducted a heat 
tolerance trial in 1985 involving live AVRDC tropical lines and two check cultivars. The test 
was lonc in the coastal farm with temperatures during the growing period ranging fro n 29' to
34°C. Under this adverse condition, the fruit set of Cl. 9-0-0-I-3-0 was rated as heavy compared
with the other entries in the trial. The totl recorded yield of Cl.9 was 9.3 t/lha, whereas the 
check cultivars yielded only 2 to 3 t/ha. This trial was supposed to have been repeated in 1986 
and 1987. 

" Six AVRDC processing tomato hybrids were included in the 1987 summer trial at Tokoituku 
Research Station. Cook Island. Two of these hybrids, I'M 103 and I'T 862. had no bacterial
wilt infection in the 1985 winter season trial. However. in the srimmer trial, these hybrids had 
mortality rates of 75 '/ and 73 %. respectively, indicating that their levels of BW resistance may
not be adequate or that their resistance may have broken down at high temperattires aid ligh
neinatode infestation rate. The evaluation for the summer season of other AVRDC tropical lines, 
e.g. CL 5915-206, which have better resistance than any of the AVRDC processing hybrids, 
will be continued. 



Tomato Entomology 

Screening and Selection for Tomato Fruitworm Resistance 

Summary 

In continuation of the tomato fruitwori (Heliothis annigera) resistance breeding program, 26 
BCi1. I'amrilies were evaluated for fruitworm resistance and desirable horticultural characters. There 
was a significant negative correlation between the fruit number per plant and fruitworm damage. 
Nineteen resistant plants belonging to 10 families were selected for further improvement of horticultural 
characters. 

Introduction 

Tomato fruitworni (TIW), Heliothis ttt'migrtt Hficbner ([Lepidoptera: Noctuidae), is a polyphagous 
insect that in 'ests tomatoes and several other econoically important crops inSoutheast Asia. The 
adult insect lays eggs on the Ioliage and the larvae, after initial feeding on the foliage, move to the 
fruit and bore inside. In 1980 the "FEW resistance in two Ly" fqlratunm accessionsvwt:'icon esulentuu 
which had shown resistance to other lepidopterous insect pests elsewhere was confirmed. This accession 
was crossed with high-vielding breeding lines carrying desirable horticultural characteristics. During 
subsequCnt seasoTns, the entomologist and plal breeder worked together to select lines carrying TFW 
resistance and iniproved horticultural characters, such as 'ruit size. which required backcrossing. In 
the 1986-87 season. BC3F was screened for resistance to TFW,an1d plants car Iyint higher level of 
TFW resistance and desirable horticultural traits were selected. 

Materials and Methods 

Based on tlieento)nlu]ogist s and plait breeder's observatiotns on "''FW daniage and desirable 
horticultural traits, respectively. 26 plants were selected from the screening of BC3 F, population in 
1985-86 season. In atunt 1986, 26 finilics derived 'rom these 26 plants along with six susceptible 
fIamilies were screened ill the field for resistance to TFW. 

"l'omato seeds were planted i.; small plastic pots and one-month old seedlings were individually 
transplanted in the field in single rows on the top of' 1.5-m\wide beds with a distance of I m betweern 
two adjacent plants in each 30 il row. Every fifth row was translplanted to a susceptible line and oii 
both ends of each row, one plant of the resistant parent was planted. 

Starting with the fiower initiation inthe earliest flowering entry, a Unif'Ormly large number of 
laboratolry-reared TFW pupae were released throughout the field. 

On occasi nis rontt each of tie 30 p l ants ot' each fainily was and thetIh hul t the sea.S(t. observed 
fruitworn daiage amd t(otal number of fruits damageti each plant recorded. The percentage of tfruit 
utlall observatiots \%as combined. At the same time. tie iuiiiber of fruits o,i each plant wits recorded 
and each of the fruits weighed to select plants with bigger Fruits. Fruit :umnber. fruit size aind tIe 
percentage of firuits aleld ineach fainily were analyzed by simple linear reression to find correlationdati 
between pairs (If characters. 
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Results and Discussion 

The percentage of fruits damaged among the progenies of 26 taimilies ranged from 7.32 to 20.40%. 
The fruit sizes varied between 29 and 97 g/ripe fruit and the number of fruits per plant from 78 to 
163. In 16 out of the 26 fimilics. there was significant negative correlation between the number of 
fruits per plant and the percentage of fruits damaged by TFW. The average r was -0.26. It would,
therefore, appear that with greater yield, the lesser the 'FW damage among the progenies. However,
in only one out of six susceptible families was there atsimilar significant negative correlation; there 
was no correlation in the rest of' it. 

In only two fIamilies was there l significant positive correlation (1.2= 0.30). In the remaining
24 fianilies, there was no significant correlation between fruit size and fruit daimage. This implies
that aniong the progenies one can have bigger+fruit size and rcsistanc, 10 TFW. No significant correlation 
was foun id in fruit size and fruitworii danlage in six susceptible famnilies. Aniong tile progenies in 
four l'amilics, there was significant positive correlation between Iruit size and number of fruits per
plant. In the remaining 20 families, there was no significant correlation between fruit size and fruit 
number per plant. This was also true aniton1 the susceptible families. 

Based on low fruit dt.lage, greater ntIiinberif fruits per plant and bigger fruit size and desirable 
horticultural characters. 19 plants belonging to 10I families were selected for further testing and 
improv, mcrit in h(or'iultural cha racteristics. 

Association of Trichome Density and Foliage 

Characters in Tomato 

Summary 

An F2 population of a cross between tomato fruitworm- (Heliothis arinigera) resistant 
Lvcopetwicon hirsutumI f labratm and susceptible L. esc, lentum was surveyed for the presence of 
high density of glandular trichomes which contain 2-tridccanone, a chemical responsible for imparting
the fruitworni resistance in certain L. hirsutin accessions. lii certain entries, f'oliage showing L. 
escuhciawn characters possessed high trichome density but the larval mortality in these entries was 
not always related to the trichome density. It seenis that quantitative measurenent of 2-tridecanone 
in foliage or bioassa, with H. (It-i,'trais necessary to judge the inheritance of the f'ruitworim resistance 
tcnipared to the trichoie density. 

Introduction 

In 1980 AVRDC research con firmed the resistance of two Lv operswicon hirstun f' glabrattin
accessions to tonato fruitworm (TTW). Heliothis trmirttel Huebtier (Lepidoptera: Noctuidae). The 
resistant acee.;sions have very high trichoine density on the foliage, light green lemves and distinctly
snail and green tfuits. A 2-tridecanone chemical in glandular trichonies on the leaves killed the f'reshly
etnerged larvae of H. arinigerta which laid eggs oii the foliage and which, alter initial feeding on foliage,
bore into the fruits. 

AVRDC plant breeders have crossed these L. hirsutlni accessions with high-yielding tomnato 
breeding lines with desirable horticultural characters. Selection of progeny on the basis of low fruitworin 
damage and study of fruit size in these selections inlicated that resistance level declined with bigger 
fruit size. 

Siice the resistance factor is the presence of the trichoines oil the leaves, high trichonie density
in the foliage is essential. High trichoie density seems to be associated with small leallets and light 
green chlorophyll. These selections also have smaller fruits. ('omnercial toniato cultivars have bigger
leaflets, dark green foliage and bigger fruits. It was. therefore, felt that dark green and bigger leaflet 
foliage is essential for bigger fruits. This experiment was, therefore, conducted to see whether dark 
green and bigger leaflets can also have high trichome density. 
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Materials and Methods 

F2 seeds Iromia si.glt cross between tonato iruitworin resistant L. hir.summI glbratanm and 
.. .scule'n:,,,i were obtained from tiletomato breeder. The seedlings were raised in flats in the 

greenh'-s" and traml .. :ntcd in tilefield as a single row on 1.5-in wide raised heds. A distance ot' 
1.5 in wa. rilaintained txicwee i two aliacent plants in each ro\w. At hoth ends of each row, one seedling 
of L. hil sill n was tranlspla nted and o either ends of*the field two rows were planted to to nlato 
fruitworm-susceptihle and high-\ieldin lomito breeding lines. 'Two months after transplanting. the 
entire planting was ohserred aid the F progeny derived hilsllunt . cross wasI.. xxLesc'I/'I[itm
marked into those haviriu cultivated toniato txpe loliage. FEntomhologists sampled the foliage of each 
selectin as well as those of 1.hirsulllr and L c.i'o't lllliin checks, and counnted the liLnnIbe r of glIanridular 
trichliores on the upper and lower strlces. 

Freshlh Cecised leaflets \\erc placed ill a petri dish lined with rrroist filter paper. and 10 1tto 
Irtiitworrn Cggs were placed on it. The 1uh,:Irr ot CI--s hattched was recorded. 

Freshly sampled Ical cis \wet placed ineaich of the 30 petri dishes and one Iirst iulstar tonmnato 
fruitworI larva was releascd on each sainplc. Illrae deye h pri tent was observed tlllritmgh tile f il'ti 
instar and the mortality in each instar was recorded. 

Results and Discussion 

The results of, the tricholric density survey. toiato tl'rtilWorltl egg1, larval iortlityhatlehiig atllad 
are stiriirari/ed in 'able I . Trichonie density rarreed fromrn 3 to 248 trichories/20 ino on tihe upper

-ain 17 to 257 trichm es /20 nrim 2 on the Itower Ieaf'sur'ace aiioig lie F,progenies ol'a cross between 
.. hirmitin ard L escoh'itom. There was tlighly significant positive correlation (r = 0.78*) between 

the trichoric deinsity on tile I1).In etlain entries. tricllome densit)'upper and lower lef strl'aCes (Fig. 
wa, CItil to or ereater than that il the resistant checks. l'his shows that 1. e',.n'o,,tim ftoliage can 
have high trichone dlensity. Although tile trichomies were glandular type, itmorplhologically ol' tile 
\5as m possiblI todecide whether all of' then prodtced high level of 2-tridecaione. the chemical 
secreted by the trichories that is responsihle lI'Or the mortalitv of' the lepidopterous ha'ae. 

Except f'Or onle of' the two I.. hil'xlllum checks, there was io significant difference inegg hatching
rale desLpite wide 'triation intricliorc density. In one resisant check. 76W-P1134417-A. egg hatchin 
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Fig. 1. Correlation between the glandular trlchome density on the upper and 
lower leaf surfaces of the progeny of L. hirsutum and L. esculentum. 
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Table 1. Trichome density, egg hatching and larval development of tomato fruitworm 
on the L. esculentum type foliage of a cross between L. esculentum and L. 
hirsutum. 

No. of trichornes/ Egg Larval survival (%) during
 
Plant no. 20 mm 2 surface" hatching -various instars
 

Upper Lower (%) 1st 2nd 
 3rd 4th 
817 281 284 90 a 13.3 bc 0.0 b 0.0 b 0.0 b
321 232 257 100 a 13.3 bc 6.7 b 6.7 b 0.0 b
864 260 228 90 a 13.3 bc 3.3 b 0.0 b 0.0 b
145 248 223 93 a 16.7 bc 10.0 b 0.0 b 0.0 b
875 200 261 93 a 24.3 bc 3.3 b 3.3 b 0.0 b285 226 230 97 a 23.7 bc 6.7 b 6.7 b 3.3 b
691 192 236 83 ab 26.7 b 3.3 b 3.3 b 0.0 b559 237 182 97 a 23.3 bc 0.0 b 0.0 b 0.0 b
576 225 191 97 a 16.7 bc 3.3 b 0.0 b 0.0 b
736 216 197 93 a 17.7 bc 6.7 b 3.3 b 0.0 b
1099 207 204 87 a 26.7 bc 10.0 b 6.7 b 0.0 b701 205 200 93 a 31.0 abc 13.3 b 10.0 b 0.0 b660 222 181 97 a 23.3 bc 6.7 b 6.7 b 0.0 b
19 189 208 90 a 6.7 c 0.0 b 0.0 b 0.0 b
131 195 148 97 a 20.3 bc 3.3 b 3.3 b 0.0 b
827 111 120 93 a 21.3 bc 3.3 b 0.0 b 0.0 b157 118 112 87 a 26.0 bc 18.0 b 14.7 b 0.0 b
307 111 113 87 a 38.7 ab 16.7 b 13.3 b 0.0 b

543 104 
 114 87 a 36.7 ab 13.3 1) 13.3 b 3.3 b441 33 40 83 ab 11.7 bc 0.0 b 0.0 b 0.0 b130 23 23 100 a 33.3 abc 26.7 ab 23.3 b 3.3 b

548 29 17 87 a 20.0 bc 0.0 b 0.0 b 0.0 b

1016 3 21 90 a 22.0 bc 0.0 b 0.0 b 0.0 b

76W-PI134417-Ay 207 
 226 67 b 8.3 b 8.3 b 0.0 b 0.0 b77W-PI734417-1 y 228 251 90 a 20.0 bc 10.0 b 6.7 b 0.0 b
CL 5915x 148 51 83 ab 55.5 a 49.3 a 49.3 a 29.0 a
 

ZAverage of three points on each side of the leaf surface. 
 YResistan checks. XSusceptihle check. 

was signilicantly reduiced. Inthe sainc entry, the survival of the first instar larvae was also significaitly 
reduced (Table I).

Tomato fruitworn larvae did not survive bevnd the fourth instar in the F,progenies with foliage
similar to that of' L. esculentuni, except in three entries. Even among the remaining three entries. 
the survival rate inthe fourth instar was a mere 3.3 . whereas inthe susceptible check. 29% of
 
the larvae survived into the fourth instar.
 

It appears that trichone density alone can not determine whether the fIliace is toxic to the inscct
 
pest. It is. therefore, necessary to rely on bioassay of the insect larvae or chemical analysis of the 
leaves for determining the concentration of 2-tr idccanonC. 

Utilization of Sex Pheromone to Control Tomato Fruitworm 

Summary 

Preliminary studies during 1985-86 showed the potential for achieving coummunication disruption
between mnale and lentale insects by the use of a c',1i ite reial, slow-release folimnIat ion of to nt;ato
fruitworm sex pheromone. Thus, studies were conducled betwccn October 1986 ai1d February 1987 
to investigate this in the field. The toniato crop was grown by two methods: staking as is usually
done For fresh-market production and nonslaking, contuton in processing toitlato produclion. 
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Biolure, aconlinercial slow-release pheronrone dispenser, was placed I illabove the soil surftce 
with a 5 in grid throughout the ireatmenl field. Observations on fruit danage were monitored at intervals 
starting with tileappearance of substantial numbei of ripe fruits. 

The percent fruit dan iage intilei ronmne-trea ted processing type hnltilo lield was 19.3' ,1I1.1'7 
and 19.0%. respectively, on 19 January. 3 and 9 February 1987, as against 5.7v ,5.3Z( and 5.4'.,
respectively, inthe control field. The fru it damage was unil'orni throughout the field. In the staked 
field, fruit damace was 10. I in tiletreated field and 7.3'7( in the control field on 3 February, and 
12.WX arid 7.8' in tihe treated and control fields. respectively, (in 20 February 1987. There was 
no significant difference in percentage of fruits dainaged in tileborder area (I1.4"'( 1and in the center 
114.2',. of the treatnrent field as %%efl as in tile check fields. (8.2:, and 7.4 ,.respectively). Virgin
female-baited traps caught significantly lesN males in the treated than in tilecheck field (4/trap in 
tre.ated: 16/ trap in conrl l). There was no signiicanil difference in markelable yield in the treated 
And check flields. Grca te r fruitwOirn tdatrage in ph1clr'O)tOinc-treated area appeared to be due totile 

tIle mitirat ionOftrIaLed f'irales froti tileneighboring corn field, which were present near ttre pheronmone
treated area bi not in tire vicinity of the control field. Partial failure of corinuunication disruption
due possibly to reduced concentration of' pheroirone cannot be ruled out. In view of tire potential
for mirated fetiale iigration, a larger field size seenis to be essential for successftl control of fruitwortn 
by' Coirrrtlnication disruption. 

Introduction 

i rtCf'W) , tlithi.s tdt'Iie NoctuidaeC),
insect that attacks toniatoes inrTaiwar and the rest of Southeast Asia. The larvae of' this pest bore 
inrto tollato( f'ruts anil destro\ tie qlality and itarketahility ol tihe fruits. At present farners use la'ge
quantities of insecticides to control tire pest. The inlensive use of' insecticides. besides increasing 
priduction cost and heahh hi/ards. also kills tire parasiles arid predators which otherwise ielp to reduce 
tile pest Population. lirsecticidC use aisti results iir pests bCcoiing resistat to chelicals being used,
wiicir ilr tire long ruin. reirders these and related cieiricals useless. 

AVRDC has been \working on allternative rethods of 'l']:control which also includes ulilizatior
 
of felirale Sx pherotlioie. This work isdone ir cooperation \ith other institutes inTaiwan. including

Yang Ming Medical College. Academiria Siirica atd Fu ReIr Utriversity, and is f'trlded b\' Taiwan's
 
National SciCIce COuncil. AVRDC is responsible Ior tile irass rearing of T"['W for extraction and 
characterization of tlie pirerotiiiie cireirricals byVtile 

Tontato Uruit Trir -I uchner (l.epidoptera: isa1Ily phagOn S 

cheliiists. ad testitrg of svnthetic cheiricals iir 
tile field to judge their utility ir practicI cotttrol of TFW. 

Based Oir tile results of laboratoiy tests aird rl irininar\ field studies intile I985-80i seasont. field 
tests conducted i I986-87 used tire plreroirrOtres to disrupt their sexual cotmmnication. thus. preventing 
irr0tinrg and Irtultiplicatioir of tilepopUlatior.
 

Materials and Methods 

Tomato cultivation. Four parcels of land, each treasuring ().2 ha, were rototilled and after 
tireapplication of basal ferlilzers worked into 1.5-it wide beds. Totrato seedlings were tranrsplatted

is a single row oirctch hed. "iatolcs intwo laird parcels were further cultivated b1training each
 
plaiIt ila I .5-iI high banhoo pole erected niest to it. This is a Co1iirnrlot iretirod of tinolo Ctltivtllioti
when tie crop is grown f'r fresh-itrarket utilizationr. It two Oler land parcels, the plais were lefI 
onl tie groutnrd undisturbcd. This nieillod of,culti\ation is Cotrltroly\' used \wient tire fruis ;are to be 
utilized fur processing. Custoilary cultural practices suchi as fertilizer application, weeding. disease 
control, etc. were identical ill 111four fields. No insecticide w\as applied ill any field to ctrol tile 
irsect pests. 

Sex pheromone application. Soon after iiitiation of, flo erint iir t\o 1,ad iarcels, one 
planted to fresh rnrarket tolalo and the ollier toi
a processing torat type. a Biolure dispenser (BiolUre
Inc. Oregon. USA) was placed I ill junction of a 5 Ii grid throut tabove tire soil ,url'ace at tile 
tile field. lach Biolure dispenser contained two sex pheroione coirponents. /.-Il -hIcxadeceial and 
Z-9-tetradecenal at a ratio of' 9:1 . According to tileirantufacturer's tests. each dispenser had a 
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slow-release rate of 6()0 1q pheromone mixture per day fir 90 days. This application rate amounted 
to 23.8 g of pheromone per hectare. To protect from direct sunlight and rain, dispensers were stuck 
inside covers of plastic petri dishes, and tile covers were Mounted upside down in tie field. The 
remaining two parcels of lanO situated 800 in away from (tepheroiiolIie-treated plots served as checks. 
A distance of only i0 in was maintained between tile two checks, one of which was planted to fresh
market type tottato and tile other to a processing type. 

Communication disruption evaluation. In each plot. two sticky paper traps each baited 
with seven 3-day old virgin females o fTFW moth, were set I Il above tile soil surface. The female 
moths were repla .ed after every fi*ir days and the number of male moths napped in each trap was 
recorded everyday. 

Fruit damage observation. TFW danmagc to tomatoes was monitored at intervals starting 
with tile appearance of substantial nuibers of ripe fruits. At each ohservation. 150 plants were sampled 
and the number of danaged fruits. healthyv fruits and weight Of marketable fruits recorded. Front tile 
data percentage o1' fruits da maged andimarketable yield per hectare were coinpated. 

In separate observations, 75 plants from the outer three rows on all lour sides and 75 plants from 
the central 20 in x 20 in area were sampled. and the percentage o1" TIFW damaged fruits in hoth 
areas was cal,':ulated. 

Results and Discussion 

Communication disruptioi. 'File success of mating communication disruptioi was judged 
by the capture of m1ale moths in virgin female-baired traps. Table 2 summarizes tle number of TFW 
Male moths captured in v irgin feitale-baited Irap: placed for one week between tile second and third 
harvests in pherotmte-treatcd and check plots. 

Substantially iore niales were captured in hoth slaked as well as nonstaked control fields compared 
to the pher ione-treated fields. The less inales caught in the treated fi eldls is believeid t be due t0 
tile high concentration of' synthetic pherotnomie present compared to the control with no pheronone. 
except that erititted by the ambient population of 'lW females. his indicated the potential of synthetic 
sex pheromone in disrupting mating coititnunication under field condition. 

Table 2. Capture of male TFW moths in virgin female-baited traps. 

No. male moths/trap 

Staked field Nonstaked field 
Pheromone-treated Control Pheromone-treated Control 

4 16 2 6 

Fruit damage and yield. The results of the fruit damage by TFW in I)herIuimiie-treatedf and 
control fields are depicted in Figure 2. Surprisingly, tile per-ce ntage of' fruits dan taged in pie riiontie 
treated fields under both ianagenit regimes was substantially higher. These results were unexpected 
considering that substantial corniuintiation disruption was observed in plieronione-treiated plots. The 
treated fields were located near acorn iield: the corn being an alternate TF\W host. while the control 
fields were bordered by rice and sugarcane. both of which are not preferred by TFW. It is likely 
that TFW female moths, which already itated in the corn fields. emigrated to the neighboring 
phe rornone-t rca If t0ln1at0 field and laid eg.gs unhindered I.TFiiW lIotIis are strong fliers and ari-c repiorted 
to migrate long distances front each field at [light. In aIddition only partial c01unituti icatioll disruption 
was observed as some male, 'were also caught in tile treated field (Table I ). For 10), comunrtication 
disruption, the plieromone concentration iay have to he increased which could verv \Well be 
uneconomical. 

There was no significant dilference in frtuits damaged in the border area and ciiter Of tile field 
(Table 3). This indicated that tfhe inated feitales cart fly across the field and do darnage in the border 
as well as in the center. 
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As expected the marketable and total yield followed a similar trend as the fruit damage. There 
was either no difference or the control plot, had higher yields than the treated plots (Fig. 3).

Based on past findings. in areas where multiple cropping is followed and when the insect is 
polyphagous., the immigration of mated insects from the nontarget crop to the treated crop will make 
the use of sex pheromone for TF\V control almost impractical, especially if the field is small, which 
is C0111In1n0n ill Taiwan and the rest of tlie tropical areas. 

Table 3. TFW damage in the border and center areas of the tomato field. 

Fruits damaged (%) 
Staked field 	 Nonstaked fieldArea 

Pheromone Control Pheromone- Control 
treated 	 treated 

Border 11.45 8.22 22.47 5.46 

Center 	 14.16 7.38 15.69 5.25 

20 140 

1 16I Treated E CK 120 -

C00100 

Treated R CK!r 
"12 "-

E -80 

8 60 

h4 	 40 

20 

Feb3 Feb9 Feb20 Jon19 Feb3 Feb9 0 U 
I With Support ) ( No Support VAIhSwaortNoSuppoftWithSupport NoSJpport 

Dole of 	 Observation Total Yield Marketable Yield 

Fig. 2. 	 Extent of fruit damage by TFW in Fig. 3. Total and marketable tomato fruit yield
pheromone-treated and control fields in pheromone-treated and control 
at three observation intervals, fields. 



Tomato Pathology 

Screening for Virus Resistance 

Summary 

Both cucuniber mosaic virus (CMV) and tomato leaf curl virus (TLCV) ire important viruses
of tomato in the tropics and subtropics, causing considerable yield losses. Commercial cultivars with
resistance are not yet available. Materials with reported resistance to TLCV were tested boti in Thailand
and at AVRDC btll were found to be susceptible. The resistance of I. 533 could not be confirmed. 

Introduction 

Both CMV and TI.CV cause considerable yield losses in Ionato in the tropics and subtropics.Resistance is not yet available so tair in commercial cultivars. There are, howevcr, reports of CMV
tolerance/rcsistance in wild l.yc'pcr.i-oln species and of TI.CV rcsistanc e/resistance in L hirsitum
and .. pininwlli/dium. The wild species in the AVRI)C germp lasm collection are presently being
screened to idenlifv sources of resistance to CMV. 

For several. cars. AVRD(C has been cooperating wilh INRA Monifavet in screening TL(CV
res'istantl Iateria.s developed lt the Insliltu National d la Rcierche Agronoinque (INRA). The 
screening was eitherldone in Thaiiid, where TlI!.('V is endelic, or at AVRI)C by .grafting. 

Materials and Methods 

TLCV. Seven lines with reported resistance to 'I.CV (Vl. X. VL- 81 Vl. 81la. VL 82th. VI.
256. VI. 282 VI. 340) welland as as plants of seeds collected fron eight individual symptoinless 
plant,, of VI. 84. w,'.hich had been selected in Thailand Under epiphvtotic conditions were tested. Ofeach line or cultivar. 5 to I) plants ,ere screened. Screening \ as done bs the double grafting method, 
described in [lie 1985 Progress, IRe'porl. 

CMV. Fort\ se, en accessiols ,omlprising mainly of' L pim'inelli/idiwn and 1..e'.c'nith,111 var.
C'T'rih.iulc and AcC. 128 to, 148 A,ce. 4423-4450h \kcrc screened with t\wo isolates of CMV (Peets
isolate and N-9 .hkh \ clios.,(1 mosaM.ic. A total of 25 to 30 plants w,ere Lusually inoculated.
All symfplonless phlnts vcrc ies ted h., III]ISA. ()ne line. Ace. 5339 (L. Irtmianum) was screened
lot- the third tine. ., lh h)i ('NIV i, olales usil nitalerials f'rom a single plant, wkhich had only 10% 
diseaC ilnide 'c s t\ilhPCC ,Sslltraill ia pie oIis sereening,. 

Results and Discussion 

TLCV. All the lines screened ,.\ere lond susceptible in the grafting test, including those: from sinr,le plats of VI. 84. Selected ltidcr epifhlictk conditinlls in Thailand.mt k-iiatin,2 froml a Cross, (it'V. plipimllfilehlinn . L. hIlitlinl seenils to This line,be it syi pto inless carrier of' 
the iruS, It does appe-ar ti ll ,ti' the lle, develped at INRA for leaf curl resistance may not
le immitnie to tie kiriis. )ut ale s\ mltoiii,,,,, c,.arrier.,.I elCcausC of the dificulhv iin isolating and puril'ying
It,( ,iruts dud antiscrun. ttils t hwbe done either h\ ,tiptoin observation or by grafting to 
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susceptible plants, such as N. benthaniana, which show clear symptoms. Most wild Lvcopersico) 
speciks do not produce the typical leaf curl symptoms when infected (either in the field, after whiti 
fly transmission or by grafting to Ti.CV-inlkcted plants). Thus, ratings and/or selections should bi 
supported by verification of virus presence (by grafting) to detect truly resistant plants. 

CMV. All the lines srcned were Ifound susceptible. Resistance to CMV does not appear t( 
be present inwild type l 'copersicon species. lmploying biotechnology, i.e. the incorporation of thi 
protein coat of'a iild. s nptonless strain ol'CNIV into the tonilato ge nonie, ma\' have to be considere( 
in the future to obtain resi stance against this virus. Cooperation with researchers at the Biotech nolog 
Labora.ories at the National Chung I-Ising University is being explored. 

Preliminary Studies on Bacterial Spot of Tomato 

Summary 

Bacterial Spot (BS)caused by'.Valwonl as camllpcstris pv. vesicatoria is a serious fofliar diseast 
of tomato in the tropics. AVRIDC recently selected BS and its causal organism l'Orintensive research 
Hawaii 7998 was more resistant to BS on leaf. pctiole. stei and pedunclc than Flora-Dade. but no 
on fruit. The 35- to 44-day old plants Of bIth Varieties had the highest percentage of' diseased lea 
area. Across dil'lrCnlt inoctlumi densities, the data for the resistant variety, Hawaii 7998. was aiway! 
distinctly less than the susceptible variety, Flora-l)ade. Increasing inoculin densities drainaticall 
increased all disease parailieters in Flora-l)ade. Optimuni inoculuin concentration for iass-scrceninl 
trials wa he It) cfuilii. Increasing inoculation%s determined to pressure did not consistently affec 
the disease pa rajl eters i easuared+ The results indicated that C[LN 3631B F2- I67- 1 -0 has a moderatt 
level of, resistance. The data indicated that lesion size is the iost stable single disease parameter tha 
reflects (he field level of resistance for these varieties across inoculation pressures However, furthel 
research is nccessarV to ctnirin this observation. 

Introduction 

Bacterial ,ipt (IS in tomato caused by Xanthomomas camlestris pv. vesicat!'ia (XCV) is on( 
(tf the main fOliar diseases in tropical and subtropical areas. The windy, warmi and rainy climate i, 
suitable ft r thie occurrencec and levehIopient ' lhe disease. The pathogen can reportedly iifect alI 
tot nato parts abt \c the glrt utlld. The f*liar syniptoims are small dark greasy-appearing spots with i 
VellhW halo. The spots iM Cla rge and Ie\'elop i characteristic grayish center. They can coalesce 
and cOVlcr motS f tlhe leaf iii susceptible tloltllllt.The Symptoms oil petiole. stem and peduncle ar 
siniilar-to the ftiliar syiniptoii and arc fre emitlN tobserved itscircular to elongate necrotic spots. "Fhc 
sylliptlnis on green fruit are a,niall dark ra-.ed spt is. s.oictilies su rrtinded by water-sttaked iargills. 
These spOIts Oft itlarge alnd eet mi brown ian scabbv. 

Recently. the Crtp lImprtovment Iltgrarn at A VRDC selected bacterial spot of tomato, and its 
causal agetit X.C .pVeiut.oria, for intensive research. The principal tlbjectivc tf this research was 
to identif' and i the level of resistance tt0 XCV andClroe to incorporate this resistance into improved 
tropically adtted sarietiCs. TherCUre. studies were initiated to ,eteriiine suitable ctndititns Ibi 
artificial illiculltiOln. i.e. tle Il1t0st Slsceptible stage of' plant. the tiptili ni inoculum density and 
inocla.tion pressure, to des chop an eff'ective m11ass screening a.inev.1dlaliotll itMethtod to identilf'resistant 
material. 

Materials and Methods 

Inoculum preparation. The XCV isolate. XV2, was used inthese experiments. The bacteria 
were stored oji PDA slants at 4 C. The 24-hiour old cultures of' XV2 grown on 523 mediut at 
30"C were used to prepare tile w shed froii plates. suspended ininoculutit. The bacterial cells were 
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distilled witer, and then passed thirugh hInr layers o cheesecloth. The concenitration of the bacterial
 
suspens ion Was detCrn inCd with a spcCtriIphtoitlcer at a wve length of 600 inn.
 

Effect of plant age on the disease severity and incidence of BS. 'wo loutato varieties
 
wlere used, [(lra-DI)ade. repl ted ly higlylv s eCCptihIC i0 h'; and Hawaii 7998, reportedly highhl
resi.stantl.
 
Seeds of both sariclics were sown iincla pots ever 1( days and thinned to one plant/polt. All plants
 
"CM ge undcr a sted "s th a clear plastic roof. l'e 2-. 35-. 44-, 55-. 65- and 76-das'
e.li otloor," 

Old plmts "e. inoculated at the tametile. BactCrial suspension Of ION CII' 1). -= 0. 19
il ((0. valIe 

at 6() ntm) ".as slped on all abosegrotuid piait parts usirig an airbrush with 1.5 kgiciti pressure.
 
(Tmtrll plaNt, s,c"me ,prued 
 with distillcl \\ater. There w re fur replicates per tlreament.
 

The iotculated plants c.rc placd il io,ist plasuic ba s l 
two days. The oillowing data were
 
recordCd 10 da, s alter illocullation: p~'certa2Ce Of disCasCd le areCa and tile lcrcenitages of infected
 
pCtioles, stin mitcrnlesC,. pCdtniiClC,, and fruits. 

Effect of inoculum density on the severity of BS. Si\ diflcrrit inocluin oticeitratins
 
7.14, 3.55. 1.7,. A%). ([44 and 4.22 , 1(0 chi 111vcre plrOduCod h\ dilutinic, the most
 

Conicenitrated iioctluimll skispiSo.11+ iClitliibeCr of 0oln\ forluinrir units perimilliliter of the ltlost dense
 
bacterial .uspiISioli \ss tlier'iitnLd b\ tie Llmti plate iithod on 523 iiediuit.. The Concetirations
 
ilncli Ilie slspnion111, we calculatCd oi this, data.
Ill! of th r,1 


Scedlin,,s ,ittime itini ameltmcs. l .assaii 7)98X dhicil. rcsislant) and 
 'lora-1)ade (hichl,,

,uceptile. icrt"men implastic p0ts ill the 'ruCmlOuse. The 30-da ,old seedlings were inoculated
 

\k ithdifferet.'nl bact,+rimI t.oWlkiClllmitltil Usclll airrush %\ili I.5 kg, ,iii of pressure. 'lhcre werc
',I1 an 

'i\ replicatCs lr et r tici(jminmi All scedllinis vcr placed ina Clear plastic illoisiChaimler ilu two
 
da s ulltl imicUlatolli llund then rrl ist OUtdilo's.
 

miu s,ater ioLtlatfi flhJ.te diseased leaf t1111
pLM'i'CiiiL'. t ail'a. total IL'siol, 'riC'planit
amnd averac Isiim diallteCr s cr.cCmCCuirded. esioni ,illl'lmis V'' C"iraud unde,.r a di',,seCtill 
llicroscop.: 1) separated illJ,Clldes cIllepd lesions pCr plait ol lhawaii 799WX and 2(0 lesions oifIlor
 
)ade %,el lammulil Clhoiseii fll imea eilm.111
eilt. 

Effect of inoculation pressure on bacterial spot severity of tomatoes with different 
levels of resistance. I aseuln the t .. hrCCLlci illhocr alun h \OVRI)(" tuilmat, ard reporis 

itillho \iii CtlIL",tie literure, imimi ;i %\libdilT.':mt Il',Cl5, Of resistl, haCteI spitl c ldlCe1t0 al lseCI..teCIC 
lI this cp,'riuinct. hlasa.ui 799. [lh:101a)dC amd ('IlN 5915-1531)1,-33-(0. amd ('.N .,31F.,- 107
l-) %\crciepi.rlCd MiulsCriCdto hihli\ t, mii. hlil, susceptible and ol . .lit rcsstant l ,>spclkels 

lhI hacterial sispiisii \\ia, is%%ith 16, citeil used ocuhlum. lTme 3(0 ua\ told seCdlinics ',d
,all alili su\crc iiu l tid -u, It.els ,tprL'ssu,',l 'huiiiLh tliiiii prl'utre'ttl ,usinm In timrhr~ui \silthili iui . 
tusld. IM . 1 5. 2.1) ald kkL 1 usci Ll stCl at til' C)li|pl',sOl. ('imltol llin ,s%\¢rL'aii ',Lt 
,p;tCd L llldtili]C \"aili lislu'._'clihdlifI+_'"'tt laen_iil picr'lCJ.. l luc \l,cLoll h s'5\ repli pC elh's r 

.\l sWC(IIILs \\LiL plaCdl l lI ou Iillasits inOstI hmi liM. l (tr [ili_lll tMO uls s ii ll.and then
 
iiiisl'iUl'ulC,, uitliiuii'"-. I lil IiiuILim . il_'ilL't '1 ut slh' leaf area.
,%"Atci latll dIsus,,l tdtiIlesi',lIntIuIIIM " 

aitlt .' ILt+", 
tie smilllmeli.hIllm1L ltmlL'di Ill"-",)tIsl\ 

pt pluui Ai\5.'ldt l IiiL't'ICI \ LiL't i'.iiC.lIC. I.ei",lldila Ctlr dlata ssL'rL' dcteCrui'l d \kritlh 
1 15 

Results and Discussion 

Effect of plant age on the disease severity and incidence of BS. .\ I e ahaegi mmul 
ptlls )I Illmail 7i)S amdI .lu 1aI ldc (iiluei1Culet'd ;.\WV2. Th,.' hiliOi 5i',C (L-'CL'iC'aiLdi (liLd5,L' S'ri\ 
%\1 t ill,.itasi i pla t ,tLc I t s iritls I Ii. TliL' ,isl ifhfected plans kkercLthoseIll lh a h se'\ cil\ 
tht1 %,C. L'1II Li)lU 'l V,11,11 OW" \ 'IL' ;5 und 44 ui+s tolId.hL'edise se'iiL,'itl ici.'Ls rn lh ' pe'til'. stetii 
mnmcriri.de: .1 i pcl ii JI ,I1. 799S \\cie mti siiIlicailtlI alfc' cd h planit ac alt timelittl lit,k, w 

lkiU+ limiil so II k" .IN '. .'.I i a 'IiLu's Oi llt ,HI111diL +Ch. ol \,Cle iiint
lli. ' p IL', +Flora01)dad 

s'liili.,tl , IIh+Lt1t 11% h IUIC1C oiltlme plcd nIi,'i the 35 i\ ildd i1!!:0 .,C. ,'..c'i the hlis IO\\ 
plhIi'Ih.',lI 'ii5t' 11. dli, c toi -,til Ili'itiu lL's iii lih -l)or.aIepeaked it the 55-dl old plants. ori 
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all plant ages. the disease ratings, whether foliar disease severity or disease incidence on petioles, 
stem internodes or peduncles, for tile 	 susceptibleresistant variety Hawaii were significantly less than tile 
Flor" Dade, with only one exception for the peduncles on 35-day old plants (Table 1). Also, the lesions 
on these plant tissues of Hawaii 7998 were sinaller than those of Flora-Dade. 

Table 1. 	Effect of plant age on bacterial spot severity on leaves and incidence on 
internodes, petioles, peduncles and fruits of resistant (R, Hawaii 7998) and 
susceptible (S,Flora-Dade) tomatoes. 

Plant age Lea? Petiole Internode Peduncle Fruit
 
(days) 13 S R S R S R S R S
 

26 2.5'B ab' !,3 A 0 i.. . 00 1) 00a . .0 C . I 

35 30Ba 200 Aa OOBa 297Aa i 9 Ba 50.0Ab 250Aa ,45.8Ab 0.0b 

44 3.0 Ba 22,5 Aa 39 Ba 455 Ai 3 7 Ba 526 Aab 22.9 Ba 85.4 Aa 8.3 Aab 0.0 Ab 

55 1.8 Bbc 135 Ab 1.7Ba 38.3 Aa 4.1 Ba 67.5 Aa 500 Ba 1000 Aa 218 Ba 75.0 Aa 

65 1.5 Bbc 	 135 Ab 00 Ba 36 1 Aa .0 Ba 47.0 Ab 183 Ba 964 Aa 14.2 Aab 25.0 Aab 

76 09 Bc 9.5 Ac 1 4 Ba 31 1 Aa 00 Ba 47,5 Ab 311 Ba 95.8 Aa 80 Aab 29.2 Aab 
"Moeis of ft- IStIlltll lec(ultil tie saine tll!h ind ttisse organ (le.f, petiole.
 

intelliOde. ped(tuiriiei mu tult). ollnglg w( shtillt, ut )r 1:is5letter are liot sigrulicirtly iifferint m(:cor(fihig to Durian sl rn multiple
 
r;inge test, 1 ) . M i lls ,C iuma tie wlf se letter ilot sigruiticrlll dtiffrent tiolii D i0[)t 


NMeiS Of toilj 	 relhitritt'S dt su'-,ceplit rs wlthi age 

ili l'irtf, sllewl h dill 	 i(ccOi ng tlsl 
low rhiultiohi 	 age . 1 5,1 iedoih:e frmit.rr itfo 	 - 1 No, o 

Ihtssvesr. with respect to diseasc incidence oilgreen fruit. it) signiilcant differences were observed 
between the '\\o varieties it threeltf the four age grtonups tested (Table I ). Also. the svlptoinis and 
lesion siue 	 \,eie similar otnthe fruit of both varieties. Apparently. the level of' resistance to XCV 
in the fruits of I-La.aii 7998 was iot greater than that of Flora-l)ade. 

The resistance level in ltiwaii 7998 was tiost pronouncCd in tite dlta 0r foliar disease severity 
and disease incidence on petiole and intrlnodC . Tltretore. future resistance screetting tests. invtlviitg 
progiren\ with Hawaii 7998 itt its parentage. shouild evaluaie data recorded frint these three plant tissues. 
The results also indicated lt ieed to idCntifv sources of resistance to fruit infection hv XCV and 
higher levels of resistance to pedutcle infection. 

Effect of inoculum density on the severity of BS. The data for the resistant variety. Hawaii 
79)8, Was alsav,,distinctly less than tilte susceptible \ariy. Ilora-l)ade. ftr all the disease paraieters 
itieasuire aItall itocu!utiit deitsities used. The percentaC e f1dis.'asd leaflarea increased with increasing 
inoculuit deitsit\ itt h h the resistant and stisceptible varieties. hiIFlora-l)ade. total lesion nuniher 
aitd lesion si/c increased wilth itcreasing itiocItluitI density. lit 1-iwaii 7998. only the lesion number 
itcreased \%ih iircreasittg ittoculitm dentsity (Tahle2). Not only \ ere lCsion ituitber and size dif'lkrenlt 
het\\een the resislant and susceptible varieties. but the rate of increase of hoth of these paraiteters 
%%as also distinctly .reater itt tile susceptihle variety (Fie. I). 

The optittUti separatioit of stllpliollt expressiotn hetween resistant aild susceptible varieties or 
prtgenics isnecessar\ floselection 1uhitig resistaitce screening. Althiough tile hiehest inoculuin density 
did pirtside the best separalion hetween Has'. aii 7998 and Ilorn-Dade (Flig. It. it is not practical to 
prodlCe this itoCuluiti conticeilltratiott ill]llge votlumes IecessarV fitr iiaSS scren!Iill. Au ilocutitlI 
conceitration of I Juc. fil has hen conitmonly used hy ollt I-scientists lor XCV resistance screening 
ill tomato and it alsr ge\s gtud separalion hetw\een resistattt and susceptible varieties itt AVRI)C 
tests. Therefore. the itllcklitollct coiCell ratiolof" 10)'cli /iitl is r'eCotttn1eided for resistance screening 
tests. 

lotlh IS lesiotn iuthr atid si/e oi tolliato are itliportait ComupoIttents (tI disease seserit\. The 
data frot this experinient indicated that bth c0ntplteiits iteed to be CvaluatCd to deteriitte tlte le\el 
if resislance, alleast iaitil it cati he slown tlhat these tio Characters are genetically linked. It appears 
that tihe resistance present it Ilasaii 7 )9 is ianilcsted it an overall rcductiol in the effectiveness 
olthe XCV propagules to cause infections (educed lesion ttutihi7rj MatIdto exteitd the intlecliOt ilhit'., 

fte leaf (reduced Iesion si/C)I'Table 2t. This reduced e ctiveness ofyt if le X('V pathogen fo catuse disease 
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Table 2. Effect of inoculum density on bacterial spot severity (expressed as percentage
of diseased leaf area, total lesion number per plant and diameter of lesion)
of resistant (R, Hawaii 7998) and susceptible (S, Flora-Dade) tomatoes. 

Ioculum density S 	 R
(x 10 8~ l ,m) , . . No. Size No. Size 

-
7.10 30.8' a 1387 a 1.68 a . 8 a 145 ab 0.33 a 
3.55 20.7 b 934 bc 1.35 b 1.5 ab 198 a 0.33 a
1.78 176 bc 1116 ab 1.26 b 1.0 bc 130 ab 0.34 a0.89 13.0 bc 718 cd 1.08 c 0.5 c 81 b 0.26 a0.44 14.0 c 820 bcd 1.05 c 0.6 c 63 P 0.34 a0.22 13.7 c 570 d 1.01 c 0.6 c 59 h 0.32 a 

/Means of six replicates. YMeans in a Columni 

F
sharing the same letter are not sjj'ignifjicantly dilf t.nir, iccutnding

to the Dincan's new multiple range test. P 5

1.7 

1500- 30 	 1.5 

Flora -Dade./ 

C 	 0 
CC 

0 c 
(Io (1 /E 

-0.0 	 / / / 
0 0 	 - 10 /

I 
 r-"/ 

0 - 0 A 

0 00 	 5 


/ 

0 0 _ _u _ . . . _ ,,L 0 

725 75 8.0 85 9.0 
Log (CF U/rn1) 

Fig. 1.	The relationship between inoculum density and bacterial spot development
in resistant (Hawaii 7998) and susceptible (Flora-Dade) tomatoes. 



266 AVRDC Progress Report 1987 

could also explain tilelower increase in these disease parameters observed in response to increasinc 
inocului density (Fig. I). However, other formhs of resistance may also be responsible for this' reduced 
rate of increase. 

Effect of inoculation pressure on the severity of BS. I1oc.'ulatllio n pressure ha.d no0 
consistent effects on ally of tie disease pa ran reters acr iss v:iieties. Therefore lor the purptise of' 
standardizatioin. 1.5 k/cln-r was chosen as tileinoculation pressr trfrliiass-screenirin tests. 

Two o f tile varie!i,',, FlOra-Dlade and CLN 5915-1531)4- 3-3-0 ((_N 5915). used illthis 
experimntn were observed to be highly sIscCptible field: tilein tile other two varieties, l-h\waii 7998 
and CLN 36313 F,- 167-1 -tI (CL.N 36311). were higihly resistant iid resistaiit. respectively'. Si ilar 
to the previous experiillCin. the d.Ita for the resistai variety, IHlawaii 7998. was always significantly 
less thlin th1e susceptible vat iry. Flora-l)ade. for ill tileliscase palilriclers iiieasured at illiolculati(.n 
pressures used (Table 3). 

The disease Sc\crity (percentaee of diseased leaf area) of ('I.N 5915 siLnilicarilv les than 
thal of Flora-Dade across all illaclitioll IrSSI'eS andl. ile wouldtherefoe. dtia in this e\pCrirlienl 
indicate that ('N 5915 a hioher resistance level Flra-I)ade. the ltehas Ihan [Il~eer.resulls of 

ippear as the iiC\t reporl, ildicaled tha't CIN 5915 is 111or-

t'disease se\eriyi and lesini di/C ifield epideiiic. The lirst set OfLdita foiil this field exp)eriiiept
 
field experiimwent thal uscpLtibleC in tCrlmS 

se uriiig 
(0 da's aferi trllnilanlilg. nille days after artificial inoculaliotni shIO\Cd that the tWO \'airieties did 
lot differ mLlch with respect to disease sCeity or lesion size. Apparitl'lk , the s Ilitlito lloenl\'Ch0feve 

rsi.ltline l always Svlipt(ii tlindefroill arlificial inoclatioll is nor1l reliled to evehlir0in anatlral 
CpideiLic. Therefore, tile Ior tilitCiSiane leveCl o a viriCl\ Will iIcCd i0 be coLLnductedf1inli1 Luariilicfation s 
uider Ield conlitionIs ti'able 3). 

Lesior si/es were similar for Flora-I)ade ;and ('.N 5915 across all inoculatliln r sur tilen the\ 
were sienificantly larger Ihan the lesion of either CI.N 36311 or lawiii 7998. The lesions of CI.N 
36313 were siunificantly lanrier thai thal of' Hawaii 7998. as \Were inarly all of the othe- LisCiS 
plrlalleters iiieasured (Table 3;. The data fromi the field experiilieni also agree with the restihs of 
this oxperilieaIt. Iherefore. CI.N 36313 caln bleclassified as niodcralelV rcsistalin to WCV. 

The dlata illthis eperiiteit itidiciated that lesion sizc is the muost stable single LIisease pa ralmeler 
that refleets tihe lielI resistance level foir these varicties across illoil lation H-owever, lurtlhep essures. 
research is ilecessari\ to conlfirm this obser ation. 

Inoculation and Bacterial Spot Development in the Field 

Summary 

A connerciall acceptable tminalto ctil iar, resistarit t bacterial spol. has inot yet beell developed. 
Therefiire. research has beeniundertake ii t idenli f' a suitable iinoculiatio piotoitt ctl flir disease resistance 
screening anId to identify the levels of resistance in loc'ally adapted etillivars. Field inotiulalion is 
necessairy for best epidemic deve%-lopleni. Heasv rainfall appear" to be nccessary for Lliease 
de\elopnenl. Sprinkler irrigation, even as olften aS lotIr tilliesper lV, did nllthai\ve the salte effect 
isheavy rainfrill. (IN 5915-153I). 1-3-3-() aid CIN I)IBi F_,- were Flora1-7-0 highly stiscepltible: 
Diade ind ULN 5915-2061).1-2-2-32-15 wer nCrtLIderiately sIsCeptiblC (.1I.N 3'6313 i1:-167-1-0 wis 
mloderately resistaii: and H-awaii 7998 was highly resistall to Ibacterial spi. ilhltUIghotit the coUlrSe 
of tillsepideiitic. averaie lesioln sie Wa, \'ery stable ILL. therefore. iiplpcaoho be at uscful paraltleter 
for estlinating the level of resistance illp)relilirary rnass-screnmi! tests. 

Introduction 

Bacterial spot (iS) is olie of' the main foiliar diseases of tloillto in trlopical ind sublitropical araslS. 
Currently, there are rio comnmercially iccepiable resistanit cullivars available eve.li though CliL.ease 
resistince screetiing has been illprogress for about 2) years. In tile lispast yeir, high priority 
been given to the develliinert of 13S resistance in acceItable cul-iivars. Therefire. a highly efficienlt 



Table 3. Effect of inoculation pressure on bacterial spot severiy (expressed as percentage of diseased leaf area, totallesion number per plant and diameter of lesion) of tomatoes with different susceptibility. 
1.0 15ErNo. 2.0Dia. , No. Dta. 3.0 kg/cm-No. Dra - No. Dia
 

CLN 5915! 12.0 bWABv 
 524 aA' 1.2 bB' 10.3 bBFlora-Dade 15.5 aB 570 aB 
529 bA 1.4 aAB 13.0 bAB 481 bA 1 5 aA 153 bA 404 bA 1.4 aAB1 4 aA 18.5 aB 1148 aA 1 3 bA 24.4 aA 1231 aACLN 363BIF2' 2.4 cB 171 bB 0.5 cA 7.6 bA 

14 aA 24.7 aA 803 aB 1.4 aA382 bA 0.5 cA 6.2 cA 301 bcAB 0.5 bA.dwaii 7998 0.4 cB 7.2 cA 290 bB 0.5 bB41 bA 0.3 dA 0.9 cA 88 cA 0.3 dA 0.8 dAB 100 cA 0.3 cA 0.7 dAB 106 bA 0.3 cAZCLN 5915 CLN 59!5-153D-3-3 0 

'CLN 363BIF2 CLN 363BtF- 167-1-0Means of six replicates
.Means in a column sharing the sane lower case letter are riot significantly different accordrig to'Means of the same data Durican S new multiple range test. P = 005set within the same variety sharing the same upper case letter are not s'gnif cantly different according to Duncan s new multiple range test. P = 0.05 
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screening and selection methodology has to be identified. This report presents a portion of the results 
necessary to accomplish this objective. 

Materials and Methods 

Inoculation method for BS in the field. Hawaii 7998 and Flora-Dade had been reported 
as being vertically resistant and highly susceptible to 13S, respectively, in Florida. Seed of each variety 
was sown in plastic pots (in 30) Jine. and seedlings were thinned to one plant per pot. All seedlings 
were grown tUidttrs tinder a shed witi a clear plastic roof and transplantLed it the field on 6 Agigtist. 

A split-plot design with four replicates was+ Used, vitlh main plots as inoculation treatlinents and 
the subplots as the two varieties. T1e iain plot itin(oCLiiati Ircal,ients were: treatinent I = seedlings 
were inoculated at dree true-leaf stave ol 28 July and r,.niroCulated in tile field l(ii 23 Septeinber: 
treitinent 2 - seedlings were intoculated ill tile fIeld on 2(),\UglSt: and "tlltnetl 3 - seedlings were 
inlculated with distilled water and LIsedl as coiitrol . [he p([lot size was 3 in ". 4 in. There were 20 
plants per plot. ni Lutulit Was pxpa red as itentlt nied prvitisl. Baeterial suspension w t It)0 c1,r /1i1 
was spr!Nyed to all abvtegroUnd parts ol tliriato by airbrisli with 1.5 k/iicnt-. The percentages if 
disease were investigated il I and 14 September and 4 October. 

Preliminary screening and disease development of BS. Four AVRI)C breeding lines: 
CLN 363Bii"-167-1-0. C(N 191B3IF,-I-7-(0. (YN 5915-21)).1-2-2-32-15 and CI.N 
5915- 1531).1-3-3-), aid Flora-l)ade and Hawaii 7998 were tested il Illis field trial. Seeds were sown 
in plastic pots oin 30)Jtlne The seeIlinos were grown olitdtiilrs Lider i shed and iitictlated at three 
true-leal stage oil 2, JuIy. The disease severity of the seedlinigs was investigated oin 6 Alg ut. and 
tiey w%,ere then tIralSplalnled to tle fIeld. 

A ratn!oliZeCl block design \with fhuLr blocks was used. The plot size wvas 4 In x 4.5 in. There 
were 30 plats per pit. Afier transplaning, i flexible. plastic pipe sprinkler irrigation was Used to 
enc.tUrage disease dcxeehloprCit. lrrigation was applied daily for it durtationl of' It)ntintiLes at 0800, 
1000, 1400 and 16(0ii hLitrs. 

l)iseasc severity, expressed as percitage of affected ol iage, was evaluated every week after 
transplanting. Lesitin size wvas also ev:,tiated at this liitle using the rating sVstemI Illrnd i Table 4,. 

Table 4. Rating on spot size of BS. 

Rate Description 
0 escape or immune, no visible symptoms 
1 spots very small (< 0.5 mim diameter) 
2 spots small (5 0.5 mm diameter) 
3 spots small (7 1.0 mn diameter)
4 spots small (_<1.0 mm diameter) occasionally coalescing 
5 spots coalescing (-_ 2.0 mm diameter) with necrosis 
6 spots coalescing (I 3.0 mm diameter) with considerable necrosis 
7 spots and necrosis clalescing and covering much of leaf 

Results and Discussion 

lnoculatlnn method for BS ,i the field. BS was signilicantly minre severe on Flora-Dade 
than tin Hawaii i)M in the inocuittd plots. Only ninintal amounts of IS develpled in the control 
plot,. The susceptible plants that "ere inoculated after being transillanted t itile field dcvCltCd 
significanily higher level, ol disease severily than rIbose only intCuiltet before Iransplaniting (l'able 5, 
see evaluation dates I aind 14 Septeniberl. BS severiy in the sisceltiblC vi'iCt inoculat.led heCf*tI'e 
transplanting was significantly increased alter reirtocuilatior on 23 Septeinih'r (lable 5). [)Liring this 
experinlent, artificial inoculation was necessary I increase dise'ase seCxritk in the field. 

Preliminary screening and disease development of BS. The abscitce ti disease 
developnient during tile fin st 25 days aller transplainting, a period with1ul riiuta , that tie sprinklein. iditc. 
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irrigation had little effect on the development of the epidemic. Heavy rain occurred on 30-31 August
and again on 7-10 September. After these rains disease severity increased rapidly, indicating that heavy
rain is necessary for the development of' an epidemic (Fig. 2).

Based on the percentage of diseased foliage, CLI I 5915-153D4-3-3-0 and CLN 191BiF 2-1-7-O 
were highly susceptible, Flora-Dade and CLN 5915-206,4-2-2-32-15 were moderately susceptible,
CLN 363BIF 2-167-1-0 was moderately resistant and Hawaii 7998 was highly resistant to BS (Fig. 2).
However, when the data on lesion size were evaluated, CLN 5915-153D 4 -3-3-0 had the largest 

Table 5. Effect of inoculation method on bacterial spot severity of resistant (R, Hawaii 
7998) and susceptible (S, Flora-Dade) tomatoes in the fieldz 

Date of evaluation
 
Treatment 1 Sept. 14 Sept. 4 Oct.
 

R S R S R S
 
Inoculated before
 
transplanting y 0.6 7.5 1.0 9.0 2.8 
 22.0 

Inoculated after
 
transplantingX 9.0 33.0 2.3 14.8 1.0 
 14.8
 

Control 0.0 0.0 0.5 0.1
3.0 1.8 

LSD 3(O.05)w 2.9 1.3 1.9
LSD 4(O.05)v 3.6 1.1 2.2 

All seedlings were sown on 30 June and transplanted to the field on 6 August. YThe seedlings of this treatment 
were inoculated on 28 July before transplanting and on 23 September in tile field. XThe seedlings of this 
treatment were inori:!ated on 20 August in the feld. WLSD value between means of varieties in the same 
treatment VLSD value between means of treatment in the same or different varieties. 

30 

20 

u X, -- --- .-,- ._ 
- 0 

0 

0 _/ 

0 20 40 60 
Days after transplanting 

Fig. 2. The developmr.nt of bacterial leaf spot on six tomato varieties: CLN 
5915-153D4 -?-3-0 (0- 0), CLN191B1 F2-1-7-0 (&-&), Flora-Dade (I-I), CLN
5915-206D4-2-2-32-15 (v -v), CLN 363B1 F2-167-1-0 (*-rj) and Hawaii 7998 
(0- 0). 

http:developmr.nt
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i-sions and, therefore, was presumably the most susceptible. The size of lesions in CLN 
191 BIF 2-1-7-0 and Flora-Dade was similar, although the former was more susceptible when the rating 
was based on the percentage of diseased foliage. The same phenomenon could be found between CLN 
5915-206D4-2-2-32-15 and CLN 363BIF-167-1-0. Since both lesion size and lesion number 
contribute to disease severity, tile lesion number of CLN 191B1 F2-1-7-(0 and CLN 5915-206D 4-2-2
32-15 could be more than Flora-Dade and CLN 363BiF 2-167-1-0 (Fig. 3). Therefore, neither lesion 
size nor lesion number is a completely accurate indicator of expected disease severity and disease 
resistance. However, lesion size of all entries was much less affected by tile environment and is, 
therefore, abetter parameter for estimating the level of resistance in prl imninary mass-screening tests. 

7 

6 
0
 

5
 

0 
c. 

33 
C
 
0
 

01 

0 	 20 40 60 
Days after transplanting 

Fig. 3. The development of lesion size of bacterial leaf spot on five tomato varieties: 
CLN 5915-153D4-3-3-0 (o -o), CLN 191BiF2-1-7-O A-) Flora-Dade (a -W), 
CLN 5915-206D4-2-2-32-15 (v-, CLN 363B1 F2-167-1-O (e-0e) and Hawaii 
7998 (o-c). 

Screening for Resistance to
 
Cercospora Leaf Spot (Cercospora fuligeno)
 

Summary 

Cercospora leaf spot (CI.S) ( evuafdgn)is another serious f'Oliar disease of tomlato in 
tropical coun11i is. Mycological studies indicated that thle best miedia f'or its rapidl niycel ial growth 
wvas dextros.: agar with either rice, oat or corn mneal addedand that the optimum temlperature for growth 
was between 24 C and 28 0C. Flowever. conidia were not pr(dticed in any of the culture coinditioins 
used in these cx perinients and, theref'ore. nivcel ial t'ragmnits were used tiOr inoculum. Nearly the 
entire tomato g'eriplasmn col',ciion was scrccned to determi:ne ti:2-levels Ot' resistanlce/suLIsceptibility 
to C.fIilligina . Th'lirty-nine accessions were class. tied ats highly resistant, 546 as moderately r-,sistalt 
and the ren. aining 4.446 a:cssions were classiflied either moderately to highly Susceptible. 

Introduction 

Cercospora leaf spot caused by CrapafiIgnalso known as black leaf' mold, is one of' 
thie miost serious f'oliar diseaw;s of' tomato in tropical countries. Little research has been done, 
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however, on this fungus, probably because the disease is not serious in temperate countries, where 
a similar disease -- leaf mold caused by Chhdospwriminulvwm, is considered much more important.
The present :;tudy was, therefore, undertaken to screen the AVRDC tomato germplasm collection 
for resistance to this important discasc. 

Materials and Methods 

The lungus was isolated on standard PDA from infiected tomato leaves col!ected from the AVRDC 
farm. Isolation was carried out by gently rubbing infected tomato leaf fragments on the surface of 
the growth medium. Alter two days of incubation, the petri dish was searched under tie compound 
microscope for clean colonies (free of contaminants) which were transfcrred onto fresh medium. 

As the fungus grows very slowly and does not sporulate on PDA, preliminary studies were carried 
out to investigate theeffects of growth medliii i,light and temperature on flungal growth characteristics. 

"l'wcntv growth media were screened for lungal growth, II of which consisted of 20 g each of 
powdered comiipound (bean, soybean. mungbeuen. adzuki bean, limia bean, chickpea, lentil, rice, wheat, 
oat and corn), 1)g dextrose and 20 g agar. The remaining media were: Czapek-dox, VX-juice agar, 
Sabouraud, carrot .iuicc agar, tomato leaf extract-. onion juice-, yeast extract- and malt extract dextrose 
agar. PDA was used as check. The fLingus was incubated on each medium at 24°C in the incubator. 
both under continuLours darkness ard under continuous light from fluorescent tubes. Each treatment 
was replicated three times in three petri dishes. 

To irvestigate the effect of temperature, the tngtns was incubated on P)A under various 
teniperatures ranging from 15"C' to 35'C. 

In both experiments, flu iMeasured isthe diameter of'the foungal colony afOcr a1igal grow tIwas 

one-month incubation period. To assess sporulat ion. f'ragnients of fIr ngal growth were scratched of
 
the petri dish, suspended inwater and examined under the microscope for the presence of spores.
 

For inocultion studies, tiriato seedlings were raised in the greenhouse in small plastic pots at 
one seedling per pot and twoI pots per accession and inoculated at the four to five leaf*stage. Inoculation 
consisted of sprayinhg the sccdliiings With a mvccial suspension -- onc petri (fish of ftungal growth per
liter of water. f1lus a few drops o; Twcen 20, after which they were enclosed inmoistened plastic 
cages for 24 hiours and then transferred outside. The disease was scored after flll symptom expression, 
12 to 1 days after inoculation. using the fiollowing scale: immnune = no symptoms: highly resistant 
= \,ery few spots (less than 5'( leaf area) with no or very little sporulation: moderately resistant = 
few spots (5-i leaf area) \\;th light sporulation: moderately susceptible = moderate disease severity
(15-30% le4 ;rea) and sporulation: and highly susceptible = leaves extensively covered with dark 
abhoundant ly sp)lrattiig spots ( > 30 leaf area). 

Results and Discussion 

The fungus did not sporulate oniany of the growth media tested, either under continuous darkness 
or continuous florescent light. Mycelial growth rate, however, varied markedly between the different 
media. The fastest growth occurred on rice-, oat-. and cornmeal dextrose agar; spots reached a diameter 
of 34 min on each of these ruedia aftcr a rionth's incubation, as compared to 25 inimon P)A. Moreover, 
tle iivcelial colonv had a Snmiooth and woolly appearance on these media. whereas it was rather rough 
and crusty on PDA. Therefore, for all subscqunlt iioCuhltioris. the funrigus was grown oi riceieal 
dextrose agar. However, since mycelial growtlh remained slow even on the best media, a method to 
hasten inrocoIulin production was used which consisted of tapping small agar locks covered with mycelial 
growth against the fresh mcdinliir over the whole surface of the petri dish to increase the number of 
resultig colonies. Inoculum could thus be obtaiied alter five to seven days of" incubation. 

Growth rate was iarkedl v infliienced by temperature. No grow th Occurred at 15"C: growth rate 
then slowly increased with an nptiiultitelrmperature which ranged from 24( to 28°C. then gradually 
decreased aid was nil at 35 'C No sporultioni occurred oilPDA Under any of these temperatures. 

Out of the entlirc AVRkI)C tolomto L ernplasri collection (5,318 listed accessions), 5,031 accessions 
ciuld be ,!row n and thli di:,eCtsc :lCctili sLIccessflully scored. The remaining accessions either were 
no loncr available in the collecti(Ii or died iefore inoculation and disease scoring. 
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Disease reactions varied markedly and ranged from highly resistant to highly susceptible. No 
imnmune accessions were fol.nd. Thirty-nine accessions were classified as highly resistant (Table 6). 
546 as moderately resistant and the remaining from moderately to highly susceptible. 

Conclusion 

This study was undertaken to screen for resistance to a very serious disease of tropical tomato 
and to contribute to the characterization t tie AVRDC tomato germplasm. This seems especially 
useful in view of the very scarce documentation available about this disease. 

The study revealed a wide variability in reaction to Cerco.vor, fidigena within the tomato 
germplasm collection, and in particular, detected possible sources of resistance. Should the AVRDC 
tomato improvement program further address this disease problem, all accessions classified in this 
study as highly resistant or moderately resistant should be retested preferably with various fungus 
isolates from wide geographic areas. This should not only coal'irni the resistance of these accessions, 
but also eventually detect physiological races of the fungus which, if they occurred. could complicate 
the breed ,ig program for resistance. 

Table 6. Tomato accessions resistant to Cercospora fuligena. 
L 733 L 2120 L 4414 
L 734 L 2202 L 4455 
L 1064 L 2851 L 4506 
L 1065 L 2116 L 4089 
L 1352 L2119 L4143 
L 1533 L 3050 L 4815 
L 1558 L 3233 L 4930 
L 1666 L 4034 L 5184 
L 1688 L 2888 L4399 
L 1696 L 2926 L4405 
L 1731 L 4167 L4569 
L 1777 L 4220 L4765 
L 2102 L 4253 L5235 

Occurrence of Resistance-Breaking Biotypes 
of Meloidogyne incognita on Tomato 

Summary 

Only ont gene for resistance to root-knot nematode is known to exist in tomato. Reports in the 
literature indicate that 'resistance-breaking' races of Meloidogyne incognita can be developed in the 
greenhouse after repeated life cycles on the resistant cultivars. This initial study reports the development
o'f 'resistance-breaking' races of root-knot nematode. Four root-knot netnatode isolates were successively 
cultured through three cycles on four root-knot nematode resistant tomato cultivars. The number of 
galls and egg masses produced per root system at the end of the second cycle increased more than 
threefold. This large increase during the second and third cycles indicates that resistance-breaking 
biotypes of the root klot nematode had developed or were selected for (luring the first cycle when 
the nematode was cultured on the resistant plants. Additional studies are necessary to determine the 
occurrence and population dynamics of resistance-breaking biotypes in the field and to assess their 
potential damage to the tomato crop. 

Introduction 

Meloidogyne incognia (Chitwood), the common root-knot nematode, cal seriously reduce the 
productivity of tomato. Numerous commercial tomato cultivars with resistance to this nematode have 
been developed: however, all of these carry the same single dominant gene for resistance. Repeated 
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cropping ofcultivars with nionogenic resistance in the fi,'ld under natural pathogen selection pressure
has often led to the development of new resistance-breaking races of the pathogen. Reports in the 
literature indicate that resistance-breaking races of A. incognita can develop in the greenhouse after 
repeated life cycles on the resistant cultivars. This initial report studies the development of resistance
breaking races of root-knot nematode through repeated inoculation of single egg mass cultures on 
four resistant tomato cultivars under greenhouse condition. 

Materials and Methods 

Four tomato cultivars. Healani (I. 97). Kewalo (1. 2741, Calmart (L345) and 72T6 (L3890). 
were each inoculated with iuJr isolates of 1W. in'ognita. The sources of the nematode isolates are 
given in Table 7. Each isolate was maintained on susceptible toniato cultivar TK 70. inoculated \ith 
a single egg mass from each infested host. The detailed procedure for culturing successive cycles
of four root-knot nematode isolates On tomlato cultiva rs is shown in Table 8.
 

Four-week old or about 10 
cm high tomato seedlings \were used in all these greenhouse tests. 
Plants were grown singly in 10-cm diameter clay pots conlaining 600 nil of potting mixture of two 
parts soil to one part sand and 3 g NPIK 1:1:I fertilizer mixed with the media before potting. 'lie 
pots and soil mix wcc steam-sterilized at 100"C lor one hour. 

M. inCogqnita inocula werc prepared by NaOCI method. The inocalum was a 3.000 egg suspcnsion
in a I ml aliquant tf' water. The inoculuni was pipetted into the root zone around the plant in each 
pot. The treatments were laid out on the greenhouse bench in ii completely randolmized design with 
five replications. The greenhouse temperatures ranged from 25' to 35"C. Fi ftV days after inoculation. 
roots were washed free of soil. lid the root galling and egg Mass pr(ductin per root svstern werc 
Table 7. Meloidogyne incognito isolated from several localities in Taiwan and purified with 

single egg masses on the susceptible local variety of TK 70. 
Isolates assigned Locality Infested host Date sampled 

MI 1 Pei-Kang Tomato Jan. 1987 
MI 2 Pei-Kang Watermelon Jan. 1987 
MI 3 AVRDC Tomato Feb. 1987 
MI 4 Tainan DAIS Tomato 	 Nov 1986 

Table 8. 	Procedure for culturing successive cycles of root-knot nematode isolates on 
resistant tomato cultivars. 

Step Culture and inoculation Date tested (DAT)
 
1 Single egg masses collected from each of the four 2/16 - 3/27/87 (42)


different isolates were cultured oi TK 70 for mass
 
production of inoculum.
 

2 Testing each isolate on each resistant tomato line 3/28 - 5/17/87 (50)

(L 3890, L 274, L 345, L 97) with 3000 eggs per
 
plant, (Cycle 1).
 

3 Single egg ma-,scs of each isolate on each tested 5/18 - 6/28/87 (42)
resistant tomato line were collected for mass
 
reproduction of inoculum on TK 70.
 

4 As Step 2 (Cycle 2) 	 6/29 - 8/17/87 (50) 

5 As Step 3 	 8/18 - 9/29/87 (42) 

6 As Step 2 (Cycle 3), except check inoculum is from 9/30 - 11/18/87 (50)

nematode stock culture which is used for tomato
 
resistance screening.
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evaluated. The galling/egg mass index was determined by the following scale: 0 = no gall/egg masses; 
I = I to 2 galls/egg masses; 2 = 3 to 10 galls/egg nasses: 3 = I Ito 30 galls/egg masses; 4 = 

31 to I(X) galls/egg masses: 5 = > 100 galls/egg.masses produced on the root system. 

Results and Discussion 

The responses ol the tour resistant tomato cult ivars to the culturing of successive cycles of root
knot nematode populations appear in Tables 9 and 10. In the first nematode cycle cu'ltured oil the 
resistant cultivars (Cl). the mean number of neniatode galls per root svsteml raned from 5.2 to I1.8 
ITable 9): and the Mean Iinuher of egg nasses per roott svstem ranged from 2.2 to 7.0 (Table 10).
In the second cycle, the n1umlhCr of1galls lld number of egg masses per root systeni raLnged from 15.6 
to 53.8 and 'rm 9.2 to 27.6. reslectively. This represents more than I thr'eefoild increase in hoth 
the number of galls and egg masses produced at tile end of the scCold cNcc. In nClCr'a.l. the numher 
of galls andCl",, Iasses produced in the third cycle is similar to o)r represent, a slight ilicrcase over 
tihe second c Clc. 

Table 9. Number of galls per root system and gall index of four resistant tomato cultivars 
inoculated with four isolates of Meloidogyne incognita.' 

M. incognita L 3890 L 274 L 345 L 97 
Cycle Isolate No. Index No. Index No. Index No. Index 
C1 MI ] 11.8 2.4 5.4 2.0 5.6 1.8 7.2 20 
C1 MI 2 7.2 2.0 5.2 2.0 6.8 2.0 9.2 2.4 
C1 MI 3 9.4 2.0 70 20 60 22 6.6 2.0 
C1 MI 4 8.8 2.4 8.8 2.2 60 2.0 7.4 2.2 

C2 MI 1 53.8 3.8 22.2 3.2 32.4 3.0 30.0 3.6
 
C2 MI 2 17.4 2.6 25.2 3.4 25.4 3.0 15.b 28
 
C2 MI 3 19.2 3.0 17.2 2.6 17.0 3.0 18.4 2.8
 
C2 MI 4 46.8 3.6 26.0 3.2 17.8 2.8 35.2 3.2
 

C3 MI 1 30.6 3.6 24.8 3.4 26.4 3.2 22.6 3.2
 
C3 MI 2 20.2 3.0 26.6 3.2 23.2 3.2 30,0 3.4
 
C3 MI 3 26.2 3.4 16.0 2.8 13.2 2.6 204 32
 
C3 MI 4 41.4 3.8 39.0 3.8 40.2 3.8 462 3.8
 

ZData represents the rean of five replications. 

Table 10. Number of egg masses per root system and egg mass index of four resistant 
tomato cultivars inoculated with four isolates of Meloidogyne incognita.z 

M. Incognita I 3890 L 274 L 345 L 97
 
Cycle Isoate No. Index No. Index No. Index No. Index
 

Cl MI 1 5.6 2.0 3.4 1.6 4.4 1.8 5.4 1.8 
C1 MI 2 4.8 1.6 3.8 1.8 3.6 1.4 1.2 1.6 
C1 MI 3 5.0 1.8 4.0 1.4 3.4 1.8 3.2 1.4 
Cl M, 4 2.2 1.6 7.0 2.2 3.8 1.8 4.4 1.8 

C2 MI 1 27.6 3.0 12.2 2.4 17.4 2.8 21.4 3.2 
C2 MI 2 12.8 2,4 14.2 2.6 21.4 3.0 9.2 2.4 
C2 MI 3 13.0 2.6 10.6 2.4 17.0 2.8 10.2 2.4 
C2 MI 4 18.6 3.0 23.0 3.2 12.6 2.4 20.0 3.0 

C3 MI 1 21.8 3.0 18.0 3.0 20.0 3.0 15.8 3.0 
C3 MI 2 11.4 2.4 22.6 3.0 17.0 2.6 25.6 3.2 
C3 MI 3 16.6 2.8 13.6 2.6 12.2 2.4 18.2 2.8 
C3 Ml 4 30.2 3.4 25.4 3.4 32.8 3.6 30.8 3.4 

ZData represents the mean of five replications. 



275 Tomato P1athologx 

The large increase in the mean number of galls and egg masses produced during the second and 
third cy'cles indicateS that resistaice -brcaking bit'types of the root-kno)t inla.tide Lhad dc\'cloped or 
wvere selected for nurini the first c\clc when the ne mlttdc wIs cultured on rtsistant iplantS. COnsidering 
the proCCdurC LsCL for culturintg the nematodes, the aIlsotL,111 indicate that the resistance-breaking 
hiott pes remain virulent after one or t generations on a susceptible host. This eXp~eriment showcd 
the potential NUlnerabilitv ol onl\ one gene aailable in tomato br resistance to root-knot lellaodes. 
AdditiOnal Studils arc necessar\ ito dlCermine the occurrence andi polpulalitiOn dxnalicS of rcsislance
breaking biottpes InI the field aid io as,,ess their pOtCntial lalm1a1c to the tolatilio crop. 



Tomato Physiology 
Cell Number and Size, and Carbohydrate Content 

as Related to Tomato Fruit Size 

Summary 

:ivSe tlilato genoty.pes ldifl reren!Ir'inti sizes were Lro1w n under cool1S iSConiditialns to investigate 
lie relationship olcell tn iimher and si/ carhohli drate Ie leveladi'ifrUit size. Fruit size was denonstrated 

to be the most imotla;ntl yield component in deterinining the fin.l fruit Vield level ill this Cool season 
experiment: ir was strongly related to tile initial oary size helOre or near anthesis. )e'eloping ovary 
size trai six da's beto re to three da\s altr anthesis was predCstined h' cell n1u1be"r ralhCr lhan cell 
size and, hence. h, cellular laver in the pericarp. Varielal differeunce in fruit size was also expressed 
inl the o.,,rv cultured under h; vitro conditions for 31 to 40 days,. Ii vitro cultlure developing ovaries 
al 32 C tended to reduce frlit size of laree-fruitedc entries. 

Ilieh soluble sica.ii" cotelcnts in tihe sepal. pedicel. ovar and leaf i''i1l thirC days betore to seven 
dha\s after anthesis wsere desirable for hih fruit set. bul detriliental to ov\r dCeelloicilt of' large
lruiteld entrics. ()n the olicr hand. hih starch contents ill selCl. lpdicCl and ICal ojlppo'ilC iltecluscter 
\%erc related to large fruil des eloilient. Although fruit sic is predcteriined genetically., its Iinal 
Cxpression niay be inlluCinCCed b\ tile conietlillIn for asiilalsC d to tile nuii er at fruits set. position
of fruits or clusters, or Intperature conLitions. Tie analysis of' carbohlVdrates iil the sepal atnd leIf 
bCllr ahilesis lila srC\ as cuCs folr frtit "iC poteinltial. 

Introduction 

Fruit si/c is onlie t tihe inllportinl iehl t)Oliitnls dtClellllig tile yield fl he tolnalto plant. 
It is usuall% predestined b( tie stretill' an ovary to import leafassiilites. which is furlher defined 
hb physical restraints. i.e. cell nutinbcr and cell size. aild phy'siological actiVities of Uptake or 
incorporation of assimilates intil Ilc developing! fruih. The preselt stud' aield o: l i clarify' tile 
relalionship betss een cell nuihber .ind size, anld fruit size: 2) exallinle tile varielal difference in tile 
develo ient ot okaries under in vitro conditions: and 3) inv\ stigale carbohydrate levels il tile teal'. 
ovary. deve lopi frlit and other Ioral pars as related to fruil size at difterent genotypes. 

Materials and Methods 

SLcdlin'es ot' I. 2(08. 1 1488. Cl. 5915-153. CL. 5915-206 and FMTT 14 were iransplanted on 
17 Nmiber 1I980 in an RC| desinf flour replicaitc. were prunediif Plants single stein wilas a 
six clusters. Fh1oer atId fruit nunihbr, fruit el. fruit size. carpel nulber and seel iumber were 
rleu.rded. 

l'hral buLls and yollngirluits were saimpled il six and ilrec days belOre arithesis I )IA), al anthesis. 
ad at 3. 7 atid 14 dass alter anthiesis (I)AAt. °T'he ovaries and vonig fruits were excised Irii tile 
saiplelC'd reproductive organs and fixed in FAA fixative. They \were sectioned.xainiined and estimated 
for cell 11ubiher aid sie, and number (it ce¢llular aver it tile pcricarp. 

Floral huLstill a, BI)A \were saimled regardless ol cluster aind pedicels, and sterilized before 
reilovinlg the anilcrs and petals. Ovaries witlh or withoLut sepals were cultured uider in vitro C(nditions 
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on MS mcdiuni supplemented with 10% sucrose. Thev were grown in the incubator at 18', 25' and
32 C until maturity, and then measured for fruit weight, carpel number and seed number. 

Other batches of lloral buds and young fruits of the second to the fourth clusters, and the leaves 
opposite the third cluster were sanipled at the same developmental stages lor microscopic observations. 
The sampled r(productive organs were separated into sepals, ovaries and pedicels before they were 
analyzed for soluble sugar and starch along with the leaves. 

Results and Discussion 

Fruit yield of' five diverse genoty pes in terns (of fruit size grown Under cool season conditions 
was positively correlated with fruit size (r = 0. 80**h but negatis-ely correlated with fruit set (r
-0.82***). I crc appeared to be a conpensatory effect between fruit set and fruit size. but fruit size 
seemied to be the prcdoiinant f:rctor i) fruit yield o1 tm.to tinder cool season conditions (Table ).

As pI\'viously reported. there was a decreasing tren.I il fruit yield. fruit Set and fruit size with 
an increa.,ing order of cluster position. This suggests that the normal fruit-setting process and fruit 
developi lent at higher order cluster position might be retarded b%a stroneer coinpetit'iveness of lower 
order clusters for tIhe assimilates. Lare-Ifruited cnries. I. 218, C. 5915-206 and FMTT 14. tended 
to have greater reductions in fruit setting than tile small-fruited entries \with an increasinLe order of 
cluster position,. The Lc\Clopinerit of large fruits iray act as stronger sinks for assimilates than the 
fruit-setting process. 

Fruit size w.as related to carpel number 0 and SLan -= 0.82"* I. iBased:= 0.91 seeL IunicrI r 
on partial correlation and multiple regression anal. ses. carpel number seents liore imtportant than 
seed number. Carpel nuiters of sit!l-fruited I. 1488 adltd . 5915- 153 were 2. I and 2.3. resp, ively:
whereas those of large-fruited 1, 208. CL. 5915-206 and FMTT 14 were inore than 4.0. 

Tomiato rit si/c at the final harsest \ias stroirgl related to ovar, sizes c\arnliicd f6r1 six lDBA 
to three I)AA (rs of all csairired sitages >0.90 ***1. This clearly indicates that final fruit size is 
predestined by tile inital ovar\ size before or at antihesis. There were reports of cell cnlargeinrtafter anthesis, tile stage when cell div ision stops which isresponsible f*r final fruit size. Present resalts. 
howe\veer. clearly sh\owcd that cell division in the pericarp still took place after arilhesis, fertilization 
(Fig. I ). This increased cell ntumber ii tile pericarp was also strongly related to the incrcascd cellular 
laver ini the pericmrip. Both cell itiinber and celluar laver numiher in tire periCirp froir sixI)BA to 
three DAA were positively , rrrclated \with de\ cloping ovaries of tire respecti\ e stage r's, i all stages 
were > 0.51 : fir c:ell iumber and > ).56: for cellular layCr nurber). ()n tie otlrer hr.in. cell size 
in tie pericarp at these sitages \as, not related to the fitral fruit size. Rcstlts presented lie, e. therefore. 
indicate trat to Ltl fruit size relies irtuch on tie cell li\ision in the ovar\ tt staies hefore and, or 
near anrhesis, fertili/atim. Cell nuirmber iii the ovary before or at arthesis should be considered as 
Iln inrportant sink size responsible for stronrg sink strength to drain iore assimilales. 

Frolm a different approach. sic varilation inrfruits lc-ehoped fron ovaries without sepals cultured 
under in vitro conditions for 30) to .1) da\s at 18"C (Table 2) \was significairtl related to that of the 
field-grown toirratoes (r 0.81 *** 1. Similar results were also obtained front owaries with sepals.
However. fruit sizes of larlc-fruited CL 5915-206. IT 14 and I. 2(18 %ere reduced when their 
ovaries wvithout sepals %ere grown under in Vro coIlditiMIs at 32"C'. ever through there was still a 
positise correlation bt cen in, vitro fruits and field-gromi fruits. Results presented here seent tWu -gest
that fruit size is predeteririrCrd gerretically. bil high teirperature iay 'ave air influence ilr its expression. 

Table 1. Comparison of growth characteristics of five tomato entries. 

Entry Fruit Fruit wt. Fruit wt. Carpel Seed 
set (%) (kg/plant) (g/fruit) no./fruit rio./fruit 

L 208 50.8 d' 3.02 b 152 a 5.2 a 85 a 
L 1488 84.8a 0.65d 11 e 2.1 b 55b
 
CL 5915-153 66.0 b 2.46 c 38 d 2.3 b 44 b
 
CL 5915-206 62.5 bc 3.50 a 113 b 5.4 
 a 85 a
 
FMTT 14 59.5 c 2.69 bc 87 c 
 4.9 a 78 a 

IMean separation within column by Duncan's multiple range test at 5% level. 
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Although 	 the final 'Ituit IIu ink r in the oaryx, tile in cell numberstize is reiated to cell ilic 'tnlelnt 
and size also depends t tileabilitV to divert assimilates, i.e. carlbohdrales. itotiledeveloping fruits. 
The iwak'lysis of carhols dratc les el in the reproductive orTI.Is and le!aves revealed that soluble sLtIar 
contents illthe ova rs.,CpIl and pedicel at three [WA to sc\en 1)AA were negatively related to fruit 

si/C (Is for all stage, arid tlll pIats < -1).51"). biltpositively related to fruit set IWrs for all stages 
and floral parlts >0.53 .). It \',s floral paits IFig. 2) readily renderedpossilIc that high sugar onitent inl 
Sar-hohs drates to acilitate a rather briel process of fruil se'ttilL. MMich colsequent lv reaLt.dC tplClitioni 
Ior isimilatI,,, and thu,. IcrCaCd it as aIilahilit, fir the contiuiing proess of cell divisiou In the 
SrII' aII allh sis.beo-e niea 

Silr h cotltllls Ill\,Ci+and lIidik'L l t1three I)i1A s ere pu,itiC ei related to fruit si/c. I - ().73;;' 
S \ ssiblC 1ha in thearrd 0.2 ... cirCeCli. It s tIe stoia C i'Mllh (1f 1arbolhsdr)ttes, i.e. starCh 

pLckiIcl ,tld epal 1I 5%Ilas iiporLiit 1t CnstirrC contl1inuous of, Carbolh\ drates lr theithC sUlpl 
ill'pclles" t lrit de Ckplirill. Tis -,\as Itirllr luppited h\ tihe fac't that starch Contelnts IlleaSlred 

lrtim Ni1I)l.\ to iii &opposite. 4i tihe sigc,14 1).\\ il Ic il F m atLd clut'er sser'i.positively related 
I11Iruit ,ic. c I it inlhes,S.1 I)rCl,,s il frui lnuirisptc. 1 IC'e tIe rilliCr hi,, ,'til laking place anod r'quirCd 

iil 111 l l ," (f Ill se,+'pal Ire lf opposite tire clusterIt *rppca'i S. fireI Cr. the dih Crh0II\ dateS the tlend 

IIa\ NCt5I\ C 1, ",IcIres lf L rll/ it;Il . i .\\h(h ile it)\ intio arietal dilfCrencesc 	 plCdlcIC(i t ,II lP t II h to 

fil itisLstIllthese,- l)drrlIItUClr bicc(inL , 

Table 2. 	Comparison of fruit size and carpel number of ovaries from five tomato entries 
cultured under in vitro conditions. 

Fruit wt. (gffruit) Cirpel rio./fr it 
18 ( 32 C 18"C 32 0 C
 

t 208 	 1.07 ;x 0.86 1 54 a 6.2 ab 
[ 1488 	 0.31 1) 0.41 c 2.0 ) 2.1 c 
CI 5915 	153 0.29 b 0 23 d 2.5 b 2.1 c 
CI, 5915206 1 ..7 a 0.25 d 5.4 a 7.2 a 
f,1T T I 1 	 1.05 a 0 57 b 4.6 a 5.4 b 

m , !',!rl olkni I. DtniC jliI 7 ,!'i I it r thVel 

.I L 1488
 
_,... 9.0 " -i CL 5915-153
 

'". ---- 7 ICL 5915-206
 

-..- I .-.. FMTT 14 
-" • "---"L 208-.--	 / 


6' 	 . 

i + "" '"" - ' 	 7.0 

oys before ofoftr %nhiAe,,s 13- 5.0 

Fig. 1. Estimated cell number in the pericarp at 
different growth stages for five tomato 
varieties. 

-

- " " 

3.0 

Fig. 2. Changes of soluble sugar contents in the 
pedicel at different growth stages for five 
tomato varieties. Days before or after Anthesis 
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Fig. 3. 	 Changes in starch contents in the 
sepal at different growth stages for 
five tomato varieties. 2.0 

-6 -3 Anthesis +3 +7 +14 
Days before or after Anthesis 

Fig. 4. 	Changes in starch contents in the leaf 
opposite the sampled cluster at 
different growth stages for five tomato 
varieties. 

Hormonal Co'tro and Carbohydrate Changes 

in Pedicei AIOcirsion of Tomato 

Summary 

Ahscision of tIotiatio floral pedicel,, was e aiiined tInder in viur conditions, and carhohydrate 
conteiiis in the reproductive organs. leaves LIndstenis were determined. Floral pedicels of iat-tolerait 
('l. 5915-153 and 1. 113 ahsCised IMIuch slower than the other entries. Basipetal apphicalios if It' A 
at 2 ig,'pedicel precnlcted ahscission ol all pedicels: acropelal and hasipetal applicailirns ol ABA and 
A('C. on he olher hand. enhanced abscission of pedicels of (I. 5915-153 and I. 123. ligh fruit
setting potential of (T 5915-153 and I. 123. unlder cither cool or hot condilions. \%as likel reLtLd 
tC)the readh availabiliY a-s ili c e orgainC 'he implication hor plant hreedingol soluble tihreprodu ti . 
is that somie initial Icreenii o,,! tonilatocsilor heat tolciaice. bascd on iii 1lu1'o pedicel ahscissron or 
analysis of carholhdrilcts %,ith lliaa1limited 	nutiLben ol ntCrlies0, he possihlc under cool season conditions. 

Introduction 

larlier experimnlts sho.,ed that 'te111 ;was a \ariclal difference inthe abscissiot potential of torniato 
flower pedicels: pediCils witlhout rprodtiUCi\e organs of heat-tolerant \Mrieies teLded to have IOW 
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abscission rates. Previous works also indicated tlat heat stress on fruit -sett ing process, which involves 
abscission or" retention of' pedicels, was likely related to imbalance o1' endhgcionts-protlinoting and 
inhihibitory hormrnnes. ()ther researchers, on tIle Iicacy ili the trainisportother hand. suggested that the 
of assimilates to the reproductive organ is important fr tilefruit -setting p'occss. This experiment 
continued to clarif , the ptsible role o1'plant hormone1lt.'S, and examine carbohydrate changes intile 
ahsclssioll proccSs o1 pedicCl s. 

Materials and Methor'. 

pedicel• see 
da\ s bcfore or at anthesis and irairsiltnted on 12 Februarv 1987. The, were strilizCd and cut to 
retain 5- to 8- nun loin-, pedicels. sserc airodified MS ltcdiUlll 

[losser huds \ ill" Iromu field-crown tolato entries were ioliected at three to two 

Pedicels rostnaseptically at 26"." ill 
contalirine I(); s'Crose and 11.8"; aga;r. 

rlssth recgulators sL'c aplied to the tOp or btttor1 cut surface oIf cultured pedicels right beftIre 
trallsfcrrillg lthem iueditt. were incorporated into ie g'owinrg niediti.to tile hut in stic cases th, 
There kCsrL three rcphcatete fIr cach trLalltirlrl. and each replicate had 12 pedicels. "iIle abscission 
las cr flornatit illIre pCdiccl \%d" isrcorlCd dail fb tour rdI . 
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Days after Treatment Abscisslons of in vitro cultured pedicels.
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Fig. 6. Abscissions at two days after treatment of in vitro cultured pedicels from
anthesis. Acropetal or basipetal applications of ABA or ACC were given before 
pedicel culture. 
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fruit-setting rate, r = 0.58** and 0.62***, respectively. Pistils of L 123 and CL 5915-153 at anthesis 
clearly had higher soluble sugar contents than the other entries; a similar trend also occurred in the 
hot season (Table 3). There was a reverse situation of starch contents in the leaf below the cluster; 
more starch was accumulated in the leal'of heat-sensitive tomatoes or tomatoes grown under hot season 
conditions. Results imply that high soluble sugar contents in the pistil read ily render itself as available 
carbohydrates for the rapid fruit-setting process. Poor ellicacy of translocating assimilates to the 
reproductive organs in heat-sensitive tomatoes may be responsible for poor Fruit setting under high 
temperature conditiOns: thus. acct mulating nonutilized carbohydrates in the leaf and stein as previously 
shown. Whether there is any relationship between the efficacy of carbohydrax translocation and the 
balance or Icvel ol eridogenous plant hornes is still not clear. 

[ L 123 0 L t24 EL 387 ij L 3957 0 L 3958 9 CL 1131-43 [1 CL5915-153 

100

- 80

o~60 l 
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'40 

CK _CK _ CK CK CK I ABA 40ABA I ACC 40ACC 

CK IOABA 40ABA IOACC 40ACC CK CK CK CK 

Fig. 7. Abscissions at two days after treatment of in vitro cultured pedicels from 
three days before anthesis. Acropetal or basipetal applications of ABA or 
ACC were given before pedicel culture. 

Table 3. Comparison of carbohydrate contents (% of dry weight) in the pistil and leaf 
of seven tomato varieties. 

Soluble sugars in pistil Starch in leaf 
En t ry . . . .-.. . . . .. .. . .. . . . .. . . . . . . . .. . . . .. 

Hot Cool Hot Cool 

L 123 9.63 a' 8.63 a 6.60 c 2.72 cd
 
L 124 6.30 c 6.19 c 8.75 a 5.42 b
 
L 387 ..59 e 6.15 c 8.43 ab 8.76 a
 
L 3957 3.40 d 7.11 be 6.36 c 3.52 cd
 
L 3958 6.55 c 7.18 bc 7.83 b 4.09 bc
 
CL 1131-43 6.21 c 8.14 ab 5.99 c 2.98 cd
 
CL 5915-153 7.76 b 8.83 a 6.50 c 2.18 d
 

'Mean separation within column by Duncan's mltiple range test at 5% level. 

Comparisons of CPA, Brassinolide and BAS 112 00 W 
on Tomato Fruit Sot 

Summary 

Both brassinolide and BAS 112 00 W were tested on tomato Imr po',sible improvements of fruit 

set and yield under high temperature conditions. No eflfect was ob)serve ' with iassinolide; however, 
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BAS 112 00 W increased fruit set of heat- sensitive L,387, and fruit yield of both heat-tolerant FMTT
14 and heat-sensitive L 387. BAS 112 00 W was more potent than acommonly used growth regulator,
CPA; however, it had a similar effect as CPA to cause parthenocarpic fruit set. 

Introduction 

A synthetic au.in, para-chloro-phenoxyacetic aci.I (CPA), was known to be effective in improvingfruit set, development and yield of tomato under unfavorable conditions. However, this synthetic growth
regulator usually causes parthenocarpic and misshapen fruits. The purpose of this experiment was
to test the effects of two new growth regulators, brassinolide and AS 112 00 W. on truit set and
yield of two tonialo varieties under high temperature conditions. 

Materials and Methods 

Seedlings of L 387 (White Skin) and FMTT 14 were transplanted to ID 20 cni clay pots on I I
June 1987. They were staked arid pruned as a single stem arid grown Under greenhouse conditions.

Each cluster was individually sprayed once with growth regulators in 0.025 ITween 20 when
;is second flowe; stai icd to open. Individual plants were investigated for fruit set, fruit size. and carpel
and seed number of fruits. At the termination of the experiment, dry weight of the shoot was also 
determined. 

Results arid Discussion 

No apparent effects olf brassinolide on fruit set and other characteristics were observed. BAS 11200 W, however, at 0 5 ppin or higher concentrations significantly improved fruit set of heat-sensitive
L 387 over the control, but not with heat-tolerant FMTT' 14. FMTT 14 was able to produce fruits
without chemical application under high temperature conditions. On the other hand, BAS 112 00 W
concentrations at or higher than 0.5 ppm increased fruit size of both L 387 and FMTT' 14: thus, the 
fruit yield of both entries was increased (Table 4). 

Table 4. Effect of BAS1120OW (BAS) and CPA on fruit yield and yield components of 
two tomato varieties. 

Treatment 
(ppm) 

Fruit 
set (%) 

Fruit 
no./plant 

Fruit size 
'g/fruit) 

Fruit yield 
(g/pant) 

Immatureseed no./
fruit 

Shoot
dry wt.(g/plant) 

FMTT 14 
BAS 
0.25 
0.50 
1.00 
2.00 

39 a' 
31 ab 
28 b 
28 b 

9.8 a 
7.7 ab 
7.0 b 
6.9 b 

21.7 d 
28.5 c 
37.0 b 
42.3 a 

210 bc 
217 bc 
258 ab 
288 a 

19 c 
46 b 
55 ab 
58 ab 

396 ab 
38.0 b 
35.7 b 
32.5 c 

CPA 
50.00 

Control 
31 ab 
32 ab 

7.8 ab 
8.0 ab 

30.5 c 
22.0 d 

231 
177 

a-c 
c 

64 a 
17 c 

35.0 bc 
42.7 a 

L 387 
BAS 
0.25 
0.50 
1.00 
2.00 

10 b 
20 a 
20 a 
9 b 

2.5 b 
5.0 a 
5.0 a 
5.? a 

26.0 a 
30.2 a 
31.9 a 
32.7 a 

66 b 
148 a 
156 a 
168 a 

57 a 
77 a 
67 a 
74 a 

42.2 a 
27.7 b 
28.9 b 
29.6 b 

CPA 
50.00 

Control 
11 b 

6 b 
2.7 b 
1.6 b 

27.5 a 
16.2 b 

67 b 
34 b 

86 a 
17 b 

43.3 a 
41.0 a 

ZMean separation within column of each variety by Duncan's multiple range test at 5% Icvel. 
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Low shoot dry weight of BAS 112 00 W-treated plants indicated that more dry matter was diverted 
to the fruits. The positive effect of BAS 112 00 W on fruil yield can be attributed to the partition
of dry matter. The promotive effects of BAS 112 00 W on fruit set and size concentrated on the first 
two flowers of each cluster. Since the chemical was sprayed only once to the cluster when its second 
flower was at anthesis, it appears that further incrcase may be possible when the chemical is again
applied or only applied at high order of flovers in bloom. 

Fruits of either L 387 or FMTT 14 induced by BAS 112 00 W had comparable color. acidity
and solid content as those of the control. On the other hand. fruits induced by CPA and BAS 112 
00 W had more immature seeds ,,an the control, but comparable number of mature seeds with the 
control. There was no apparent discrepancy of effect on sced number between CPA and BAS 112 
00 W: this indicates that although BAS 112 00 W is more potent than CPA to promote fruit set at 
high temperature. BAS 112 (1) W may have a similar mechanism as CPA to induce parthenocarpic 
fruit set. 
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Nutritional and Processing Quality of Vegetable Soybean 

Summary 

The nutritional quality of vegetable soybean was compared with green pea. Vegetable soybean 
was found to be more nutritious than green pea based on the dietary pattern of Taiwan. It isan excellent 
source of thiamine and a good source of protein, iron, riboflavin and phosphorus based on nutritional 
quality index expressed as a nutrient density ratio. The postharvest properties of three vegetable soybean
cultivars, Taishoshiroge (AGS 292), Tzurunoko (205) and Ryokkoh (305), were evaluated. The pod
color of cultivar AGS 292 degraded faster than the other two cultivars. Frequent spraying of tap water 
was found to be effective in preventing color degradation of this cultivar. AGS 292 also had lower 
protein content. Compositional analysis revealed that carbohydrates, sugar and starch are major
constituents lost after harvest. 

Introduction 

Vegetable soybean is a traditional comnodiy in East Asia. Its processing industry, however, 
was developed only recently in Taiwan for the Japanese market. Vegetable soybean, although only
different froin grain soybean in maturity, can be considered as a horticultural crop. The market value 
of this commodity is highly dependent on its quality. Pod size and number of seeds per pod are most
important characteristics for grading purposes. Pod color, texture and flavor are associated with 
consumers preference.

A Japanese cultivar. Taishoshiroge (AGS 292). was selected and released as a new cultivar in 
1987. This line is high yielding with high graded pod nunber. Local processors reported that this 
new selection is less preferred in flavor and poor in postharvest property. Its chemical composition
and color degradation after harvest is compared with the popular variety Tzurunoko (205) and high
quality line Ryokkoh (305). 

Materials and Methods 

Sample preparation. All samples were obtained from the spring field trials at AVRDC. 
Small- or one-seeded pods were sorted out before treatment. Unless otherwise stated, samples were 
blanched in salt solution (5%) 'or 90 seconds within two hours after harvest and stored in tilefreezer 
until analysis. 

Composition analysis. Conventional methods used at the Chemistry Laboratory were 
followed during the analysis. 

Pod color rating. Right after blanching, the color of each pod per 500 g sample was rated 
against the Mitsubishi color chart for vegetable soybean. The overall color is expressed as the weighted 
average grade of the sample. 

Treatments. The storage conditions for vegetable soybean samples were: 25°C, 85% RH;
30'C, 85% RH; and water spray for 30 seconds for every 30 rain. Every two hours, 500 g samples 
from two replications were taken. 
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Results and Discussion 

Nutritional constituents. Selected nutritional constituents ol vegetable soybean and green 
pea are listed in Table I. Calculations of the nutritional quality index, expressed as nutrient density 
ratio, indicated that vegetable soybean is an excellent source of thiamine: good source of protein, 
iron, riboflavin and phosphorus: adequate source of ascorbic acid: fair source of calcium: and a poor 
source of vitamin A. The nutritional value of vegetable soybean. estimated from eight major nutrients 
and relative nutrient cost of Taiwan. is 26 5 unit which is 46 ,Ahigher than green pea. The major 
difference in the nutritional value of these t%%0 commodities is due to energy, minerals and thiamine. 
Since there are no complete nutrient analysis data on e ththree cultivars. their nutritional value cannot 
be compared. But the lo% dry matter and protein content of AGS 29. suggested that this line is less 
nutritious. 

Quality related properties. Although the marketable pod Nield of AGS 292 is iiuch higher
than the other two cultivars. local processors reported that this line is less preferred by some Japanese 
consumers due to its taste and flavor. A triangle test Was conducted to confirm this. Panels were not 
able to detect the difference betweni AGS 292 and the check culiivar 205. However. they were able 
to distingoish cultivar 305 fromlth other two lines only when it was served as an odd number of 
the lest. l'his resul suggested that the taste difference ,iiiong the tilrCC c ltiVars is 1iot easily detectable 
and it is difficuI to establishi a relationship with chCelic iicornpositions. Clienical anal'sis of the selected 
quality properties \were conid ucted and are Summarized in Table 2. ()ther propeit ies, such as individual 
suirar pattern and Iiavor Coun ti rd aial' iS. Will he i[nIltided in futtre studies. Biochicinical properties 
such ias lipoxyge nase. j-amylasc. and peroxidase had been iivest igated. No major differcice ainiorng 
these three cultivars \%crc observed. 

Changes inpod color and composition after harvest. The pod color of AGS 292 degraded 
faster than the ether two CUltiVars. This property \\ aS confi ried1 mioitoring pod color after harvestry 
(Fig. I). Spray water pro\cd to be Cfcctive in prolonging color retention. This method. howe\er. 
\wits not very effectivc when applied to the other two cultivars. 

Analysis of the Inaj or constituents at 2, 6 and 12 hours after harvest revealed lie fllowiing trends: 
decrease of dry imatter content (j > 0.05): decrease of sugar content (p > 0.01 ): decrease of starch 
content (p > 0.0) : increase of lipid (p > O01 ): and increase of' fiber composition (p > 0.01 ). The 
changes in other constituents, such its proein. ash and individual minerals. with tiriie were not 
significant. The postharvest losses onimajor vilaiiins are still Under investigation. 

Table 1. Some nutritional constituents of edible protein of vegetable soybean and green pea.Z 

Constituent.. . . Vegetable soybean Green y 
.. ... . .. . .
 

Market 205 AGS 292 305 pea
 
Energy (kcaly 100 g)' 132.0 150.0 136.0 143.0 93.0
 
Moi:ture (%) 69.0 66.7 69.7 67.8 76.5
 
Protein (%) 11.2 14.3 11.4 13.6 7.4 
Fat (%) 6.4 6.5 6.4 6.5 4.0 
Crude fiber (%) 1.6 1.5 1.7 1.8 2.7 
Ash (,o) 1.5 1.6 1 9 2.1 1.0 
N-free ext. (%) 9.8 9.4 8.9 8.2 12.0 
Phosphorus (rag/100 g) 143.0 110.0 
Calcium (mg/1Og) 50.0 26.0 
Iron (mg/100 g) 4.6 2.0 
Vitamin A (RE) Trace Trace 
Thiamine (mg/100 g) 0.59 0.26 
Riboflavin (rag/100 g) 0.14 0.14 
Ascorbic acid (mg/O0 g) 8.00 24.00 

ZSource: Taiwan Food Composition Table. lSource: Standard Tables of Food Composition in 
Japan. XCalculated based on conversion factors of 4.0 kcal/g protein: 8.46 kcal/g of fat: and 4.07 l cal/g of 
N-free ext. 
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Table 2. Selected quality properties of three vegetable soybean cultivars. 

Properties 

Shelling (%) 
No. of pod/500 g 
100-seed wt. (g) 
Color rating* 
Seed texture 

Hardness (dye/cm 2)z 

Compressed dist. (mm)Z 
Composition (on dry wt.)

Dry matter (%)* 
Aic. Insoluble Solids (%)** 
Protein (%)* 
Fat (%)* * 
Crude fiber (%)** 
Starch (%)z 
Sugar* 

ZNot significant; *5% leve: ** %1level. 

205 
47.47 

179.00 
68.40 

4.51 

65113.00 
1.70 

33.30 
27.10 
42.80 
19.50 
4.50 
9.30 

11.40 

Cultivars 
uta 

AGS 292 
45.88 

157.00 
64.90 
4.30 

64090.00 
1.70 

30.30 
22.70 
37.50 
21.20 

5.50 
9.50 

10.90 

305 
42.83 

140.00 
82.10 

4.32 

68311.00 
1.50 

32.20 
25.50 
42.30 
20.30 

5.60 
9.50 

10.60 

5.4 

5.2 

A-& AGS 205 
A-a AGS 305 
0- 0 AGS 292 
0-0 AGS 292 with water spray 

E 5.0 ,, 

-4.8
0 
0 

4.6 

4.4 " - " " 

4.2, 

0 2 4 
, , 

6 8 
Time (h) 

I 

10 12 

Fig. 1.Changes Inpod color of three vegetable soybea n cultivars after harvest under 
30 0 C and 85% RH. 

One serious problen observed in this experiment was the development of white spots on the pod
surface after harvest. This problem was most severe inAGS 292. The infection rate could reach 100% 
under 300C for eight hours. Water spray seemed to rcduce the rate of development but was not very
effective. This problem and control measures deserve furthcr studies. 
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Conclusion 

Vegetable soybean is a nutritious cotmmodity with a high density of thiamine. protein. ribollavin, 
iron and phesphorus. It is more nutritious than green pea based oil the Taiwan diet. Since it can be 
grown in warn environments, it has great potential in the tropics. The newly selected high-yielding
cultivar. AGS 292, has slightly lower protein content and the desired pod color is more difficult to 
retain. Frequent water spraying after harvest could be a feasible method to improve the market quality 
of this cultivar. 

Effect of Dietary Constituents on the Bioavailability 

of Provitamin A 

Summary 

The effects of dietary constituents, such as protein source, starch source and edible fibers as well 
as the contents of provitamin A. nonprovitamin A carotenoids and chlorophylls, on the bioavailabi
lity of provitamin A were studied with experiments utilizing rodents. The bioavailability of 1-carotene 
was found to be a reciprocal function of)-carotene concentration. Nonprovitamin A carotene, lycopene.
inhibited the bioavailabilitIN of (-carotene and 1-carotcnc but not 3-cryptoxanthine. Protein quality
affected the bioavailabi;ity of' 1-carotcne of sweet potato starch-based diets hut this effect was not 
significant or, corn starch-based diet. Studis on protein and starch source combinations suggested
that caseit,-rice starch diet was the best combination tested. High edible fibers in diet reduced the 
bioavailability of provitaniin A. Lignin was found to be a,stronger inhibitor than pectin, henicellhlosc 
and cellulose. 

Introduction 

Several methods can be used to estimate t'le biological activity of provitamin A in fruits annd 
vegetables. The method commonly used is conversion to retinal equivalent based on contents and 
structures of provitamin A. The conversion rates are 6 itg 3-carotene or 12 jig of other provitamin
A as I jg retinol. This method is based on the assumption that the biological activity and digestibility
of,'-carotene isabout 50c and 33%7, that of retinol, respectively, and the activity of the other provitamin
A is about 50% of 3-carotene. On the other hand, the biological activity of a given provitamin A, 
measured by bioassay method, varies according to commodity, intake level zind dictary composition.
The bioavailability of .Jlcctcd vegetables and fruits varied from 1I .6;, to 23.% tinder controlled 
feed;rig cxperimental conditions. A bet:.r understanding of the effects of dietary composition on the
bioavailability of provitamin A may provide useful :nfornuation for commodity selection, diet designing 
and estimation of nutritional status, especially in regions in which vitamin A is still deficient. 

Materials and Methods 

Materials. Vegetables and fruits were collected from the AVRDC breeding program, garden
project and the local market. The samples were freeze-dried and ground to powder, then sealed in 
a plastic bag and kept in a desiccator at a temperature around 4'C before they were mixed into diets
for the bioassay. Carotenoid standards were prepared from vegetables and fruits through conventional 
procedure. 

Bioassay. Twenty-one-day old tiale rats of Long-Evans werc purchased fron the Anitial 
Center of the National Taiwan Univetsity (NTU). The rats were fed with vitamin A - free diet for 
four weeks for the depletion of vitam in A storage. Four rats housed in individual cages in each Irea'tnent 
were fed with the test diet for a 10-day period. For the test diets, isolated carotimoids or standards 
were dissolved in soybean oil then tuixed in a vitamin A - free diet. The rats' Iivers were tremoved
48 hours after the -nd of the testing period, and frozen until analysis of' retinol content. Livers were 
homogenized and extracLed by methatnol, following saponification to release retinol from its ester form 
and then determinied by High Pressure Liquid Chromnatograph (HPLC). 
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Calculation. The bioavailability of provitamin A carotenoids or vegetables and fruits were 
calculated by the fbllowing equation: 

Retinol storage in - Retinol storage in 
liver of treatment (jig) liver ot" control (jig)Availability % = -___________ _______ 

Total intake of provitamnin A 
expressed as d-carotene equivalent (pit) 

Rats in the cont.'ol groups were ledwith a vitamin A I'rcediet during the testing period. Total 
intake ofprovitamin A was expressed as fl-carotene equivalent. The test diet with f-carotene standard 
was used as the check in every experinent. 

Results and Discussion 

Inhibitory effect of nonprovitamin A pigments. The bioavailability of provitamin A was 
reported to he a dependent vaiue of the intake level. Further studies revealed that the bioavailahility
of)3-carotene is a.rcciprocal function of the j3-carotene concentration of the diet. A regression equation of: 

Bio-.ivailability ]/(0.0259 + 0.00223 1-carotene concentration) 

can he established (r =:0.931). T3he/-carotene concentration isexpressed as ltgper 10 g diet. A similar 
relationship was also observed for other provitamin A carotenoids. Studies on the interactions if' plant
pigments on the bioavailability of provitanlin A were continued. The interactions, at a fixed provitanin
A concentration, are sUmnarized in Figure 2. Nonprovitanin A carotenoids or chlorophyll inhibited the 
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Fig. 2.Interactions of plant pigment on the bloavailabillty of provitamln
A. Concentration of eacq pigment Is 10 jig per g diet or 10 jig
provitarnin A carotenolds when more than one provitamln A 
carotenoid was used. 



294 AVRDC Progress Report 1987 

availability of the provitamini A except the tested carotenoids. which indicated that lycopene had no inhibition 
on ,-Cryptoxanthine. l'he quantitative dt.a indicaled that these effects may he associated with the polarity 
of the provitamii A comlpounds. III addit itm, n ipro vitainin A pignients with higher polarity were also 
a weaker inhibitor. 

Effects of dietary compositions. TheCeffects of protein and starch ource on the bioavailahi
lity of provitaniin A are suinnari/ed in 'able 3. The hIn, cr avail-hilit t i, t, itam in A observed in this 
experiment was,,du t th telow protein concentratitm in the diet. Stai istical anal'si s re\sca lCd that there 
was no signiicant difference a.tl IlOr d diet: hot a signilicant effectMliog protein sturce's Used corn Sta rci-basC 
was observed fIr s.eet piotato starch-hased diel. The eflfect of varioLis starch murces ol casein-based 
diet was lound to be hily signiliCant. C,SCin- ricC Starch diet teided to ke (lie best anitng the ctnibinations 
tested. 

The lklct OI1various t oft' cdihbe fiber on pr itainii A amailabilitv is sui ariized 'or Figure 
3. All Iilbers tested decreased the a\ a lahilit\ of provilanin A. Lignin \,isafound to be a stronger inhibitor 
[br bioavailabilitV of iro\itainir A. 

Conclusion 

IBesides protein and pro\itainii A concentration in tlie diet. liachors such aitsnonprnvilaniin A carotci(ids. 
chlorophylls, fiher Ctontern a11nd ' f r iafafelt t' provitamininatuore proticin starch Ina\ tie bit asviilabilitv 
A. Higher provitallii A intakc is rectinnlended lir diets witb !,., I -:it,content and hig i fber 
concentration. hlie inhibitt r effect of' nonprovilinin A cartetnoids,, chhoroph*1 !:, a.tnd fibcr could e tle 
niatr flictors resp onsible br the Im mavailabilitv I prtiv itainin A in green leafy vegetables. 

------ o Acociagums y=21.69-0.41X r=-0.986 

.------ Cellulose y=I9.66-03IX r:-0.938 

0-- ----0 Pectin y-19.87-0.49X r =-0.974 

I u Lignin y=21.00-0.892X r-0.996 

LSD (0.05) 2.12 

20 (0.01) 2.85 

- -

0a 

0 10 

Fig. 3. 
Effect of fiber source on il

0 
0 

Percentage 

11 
10 

of fiber in test diet 
20 

crotene availability. The concen
tratlon of 1-carotene was 10 tig/g 
diet. 
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Table 3. Effects of protein and starch source on provitamin A availability. 
Protein source' Starch source Bioavailability of provitamin A
 
Casein 
 Corn 10.11 y 

Soybean Corn 11.24 
Gluten Corn 11.48 
Gluten Sweet potato 8.82

Soybean Sweet potato 13.70
 
Casein Sweet potato 13.24
 
Casein Potato 13.02
 
Casein Wheat 
 12.14 
Casein Rice 14.49 
Casein (22%) Corn 19.31 

'Protein concentration. 10%, 'LSD (5%) = 2.0: LSD (1%) = 2.7. 
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Effect of Number of Plant/Hill and Spacing 
on Vegetable Soybean 

Summary 

The yield of" vgetable soyvcan and its attrihutes 'ere significanlly aflecled by spacing and the
 
nuber of plaits/hill. Wider ,Ihci:g and less iiumber oIplants ihII
resulted in more pods and branclies
 
per plantI but Iwore lcmptpods. Conlerse I i,d,,\ lire plaitls/ hill
Ws fromn plots withIIrarro\\ spacilg arld I 

were higher than those \ ith \ ide spacilne and lesser planls/hill due to higher poplulatioi dLsil\.
 

Introduction 

"lie ideail vegetable so'heart plants shil d have thehfill\w,,ing characteristics: shorter platll heighl.
 
more pods per planl. large Vren seed si/. and high pod ratio, with two or 
more seeds. In verieral. 
pod yield and the charactr oflthe Iield cot:,iyOnCnts can be alfcted by cultural nallCellt.Il.ast 
\ear. it was 'iund [ha the nulmher o1' plants/hill and SXlCil had a signiftcarlt efledI Oi pod \'ield 
and itscomponents. The c\lperitierit \as repeated again this \-ear it)evaluate te respoise of ti crop 
to different nImers of, planlslhill and spacines. 

Materials and Methods 

The csperinicnt \%as coladucted using split-split-plhil deLig wilh IWo Iplicalions. \\iththe iUlilber 
of' plaints/ hill I I and 2 )as the main plot. iltcrri, spacinlg if25. 50 anid 75 cmi is the subphlo and 
intraro\ spacing, oI 10. 15 and 20 cm as sub-nsubplot. The po{pulatiol densiy of Ihe ari'dPlanit 'roin 
60.7W tt plaits la. The sub-subplot si/c \was 4.5 in - 6.(1 i . accnuon0daling 0 lt It1 row s.(X)() 


of so llbanplail. All plots received 40 kg N/ha. 8() ke l,(Os'ha and 100f kg K().'ha as basal 
fertilier and '\ere plainled % iti soibeai., (9)53. oilIX Fehruary 1987..,n additional 40f kv Nha
 
\as :idedressed at Ih\crinv. The crop wa.is har\ested on 5 arid (i M .A 3 ill-area illth" cetler
 
ofl" %%is hal\c"cd for podt iCld dt-eriiinatili. A subsample ofi4) plails, tiaken rtndoilileach plot 

frotin the area. \%as us,:d to deterniitinc the aritus characters (i'lie vield coillipoineitls. 

Results and Discussion 

The eflecl tf the uniiber (4 planls hill and Oingtil pod chairctlCr is IllCWitCed ill "ahle I. 
A higher nuiber tf ilailits hillLN\c less Cnptyl)ild.. and tended ti give less total nitberoutpods planl. 
Pids %ilhtine. I\\ui %%crenl affecte 1w flue nuni1bCr o1 plslll,hill.Morc pods o1 allOr three seeds 
characters. e\cept the thec-N'Tled ol the inlltraro% spacii, antd the three- and /cro-secded Of the 
lllterrot\ spacing. \crc obtallicd \ leti spacitllg w;Is Inurcrased. Ailuotie the illlrlt \\ slcitlgL 75 cil 
gva\e t lei hilesl t1ntlbeMr Of itLds plait 126.0) and had th hliei 1ll UtlU11ptuls. Mild MOiitbetC \%ith101e 


eceds. AIlrltil spacilng. 2) 0i1 atid IS ci1i had iniequal Ilihet Of total piods. %%
the ililtllir, ilh t)lie. 
I\. three and clllpl scetds. \ll Oflhthese tinulllbis. \cet the thrteC Cde'd atid ,pt\ ids usil 

15-cut sfliicitug. ,crC simUni ieantl higher tha] thiose tf the Ilt-ctill spacilig. 

I~l -~b&~,4Z 
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Wider spacing, both inter- and intraspacing. increased the number of branches/plant. whereas 
the number of plantslhill had no effect on this character (Table 2). The lowest branch number was 
1.2 from the plot with 25-cm interr(w spacing and 1.0 from one using 10-cm intrarow spacing. Ihe 
yield w.-as significantly increased when the crop was planted %%ith narrow spacing or with higher number 
of plants/hill. Yields froi plots with 10-cm and 15-cm spacings wereCequal l\high and \werc higher 
than tlhat with 20-cm spacing. Aniong the interrt w spacing. plots with 25-cin" interrow spacing gave 
the highest yield. \hercas plots using 75 cii gave the low\'est; plots \%ithinterrow spacing of 50 c.'m 
gcavc an intermediate yield. 

These results clearly sho% that wider spacing rcsulted in inore pods and hranche, per plant, but 
the yield was lo\cr due to IroCr population densit\. Although plot,, with narrow spacing had less 
po ds and brancihcs per plant. the had Ithig her l latinm dtisCi itv.Yield increa se due to Iiigle r popUlIation
densiti was more than that rcduced h\ less number of pods and braniiches per plant. [lic relationsliip 

.between yield and Itltulathmn deiisitV and nuniber of p-ods and branlchcs had R-, ) 99" %kithipath 
cocfficient of 3.2 for population densit., 1.4 for numuber ol branches and 0., for number of pods. 
This resulted in igher \eld in narrom spacet: planting thaii ill \\ ide spacc plaitig. 

Table 1. Vegetable soybean pod character as affected by spacing and number of plants per hill.z 
Treat epnt P )uIlatIol Pod character (no laltt) 

(no ;Ill 0 Seeded I seeded 2 we dic:d 3 s.eded 

No plarts/hill 
1 17 6 3 8a 5. 8a 136 , 08 a 24 1 a 
2 35 3 2 3 t) 4 8 o I1 5 a 08,1 194 a 

Interrow (cm) 
25 43 3 2 .ta 3 4 b 4 5 c 0 7a 15 1 c 
50 21 7 3 6 a 6 1 a 13 7 b 09 1 24 2 b 
75 144 3 1 a 64 a 15 5 a 09 a 26.0 a 

Intrarow (cril) 
to 36 7 2 4 b 4 3 h 109 b 0 7 a 183 b 
15 244 3 1 at 59 a 13 1 a1 09 a 230 a 
20 18 3 3 6 a 5 7 a 13 7 a 0 9 23 9 a 

-',|rlwi,t hIil I C)lilin to( )lii,%eii i)ll, o !ip , ein r , r , i aii f it11 t r, 
I 

T 

Table 2. 	Number of branches, number of pods and pod yield of vegetable soybean as affected 
by spacing and number of plants per hill. 

TreahmertPod, 	 (r,t'ch Yij 

(no /plant) (no li t) it 

No plant/hill 
1 17 6 2 5 a 63 )
2 35 3 16 1 8 1 a 

Interre, (Crli) 
25 43 3 1 20) 8 1 a 
50 21 7 2 4 a 7.3 b 
75 144 26 , 62 c 

Intrarov, (crl 
10 26 7 1 6 t, 80 a 
15 24 4 2 3 i 74 a 
20 	 18 3 2 4 a 6.2 ) 

rih ,;rll i¢ 1, Ittir r it rill, t itMeans ,.itiin ,I t ,(i i) tt, 1 'Irf, ,,grif,. (i ' rrter ,.+,Ii, AIRI T 

Effect 	of Spacing on the Growth and Yield of Bell Pepper 

Summary 

A field study %ris conducted to evaluate the eflct of spacing on the growth and ield of bell 
pepper. The results indicated that w%hen spacing was decreased, yield ,fthe crop was inc.eased. TIC 
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50-cm spacing gave the highest vield among tie interrow spacings, whereas 40-cur spacing yielded 
the hiighest among (he intrarow spaci ngs . Yield difference was due to difierence in minber of fruits/!plant
and number of plant stands. The relative ilnp ilrtance of the plant stand cntribution toward te difference 
in yield %%as 2.3 times that of the iniber of' fruits'plant. 

Introduction 

Spacing is one ofithetinans factors that control plant si/c (seetative growt i and escntualt crop
yield. Plants grosi finder %%ide spacing are generalkIhigger ard give higier vicid/plant comparCd 
to those gross,n Undler Iiarro. spa:ine. llos,.c+r.tI'e ield 'area i p1lantS groiw Under wide spacing 
mna.y be less than those gr1wn tinder naro ,acing duie to less popUlation densitl . The present study' 
,,as conducted t valuate the effect of sp+C,lg onlro\th and \ild and Vield attributCs, i.e. flruite0 

i/c and numbitelr o)f Iruits lant. of bjell pepper. 

Materials Lnd Methods 

Split-plot design with three replicationt %as usCd in this slud.s le main plots usCd 50-. 60- and 
70- cm intern spacing, VherCas the ,uphllots used 4(1)-. 45- and 50- cut intraross spacing. Plot widths 
\were 2. 2.4 aMd 2.8 in.rtlcctivel. . lor the interrs spacing, 1)arid 70 Cull.of 50. All plots were 
0-rn1 iong. k%,elt\ -it"-da. old seedlings Of bell l'PiCI cs.. ssllich had ahout tolte Still. I'iresl\ 
true leaves, wcre tral:Splallled onto0 the plot. On 6 Marclih cacti plot,197 in fiur r,, ill Basal applicatioln 
of fertilizer wasV,Lone1al tilerate of 40 ke N ha. 8) kei-P() Ilaalld 51 ke KJ_,)hla. Sidedressinle 
Of Iertili/er at 40) ki N ha allid kg K,() la as' donc twicC at Mt ald lour sccks alte.Ir5(0 
transplanting. [urri, irrialion \%as dLonC ftur lilie, oil6 March. 21 aid 30 .p\ril :ind15 MNa. lie 
crop as liars cstld froti Ie o centelit sevell tincs oi rtld 30 April. 8. 14. alndlthe l 27 21 28 Ma' 
and 4 JtirnC.An tire last liar\ ct. fresl plaintl wCiglIt ssifa dltCrieiied frot It0 plants'plot taken randoinl 
floll thet centeroli ios. 

Results and Discussion 

fic ,i\ cks ai"erPlant hcight. licastired f0tor, li-rr transplanting, ,as ntot affectcd by eitlier 
itr- itiritraross spacing (Table 3). [resh plant %seigltat lharvestt tuliCd t0 he rCducC hen oillt 
inter- and intrartos spacings %%crc dcCreCased (tabhle 3). This indicates that the ininitnutni spacings tested 
s crc nll rtms to siglniicaritl reduceL.plant grotli. P lantin tre crop closer %%'ill be tested illriot o 
fulurc trial,,. 

Plant sland alliircst. \icld irid its !ii!c, pesnteClL if) tlC 4. Yield \is ,iellficarntlyilll arc 
a.ffcltd h\ spacint', Wen i\%s scci, 1 )ICld incrCaLI. ilt paCrrrgspacii- de,. ase,. Irhe pit \ki 50-1r' 
gas C the highest rll ariorig tie pal:i-,..hrercas that \%ill Spac2i.ircrroi sa 41- crm iclded tice Iti.lct 

Table 3. Plant height at different times and plant fresh weight at harvest of bell pepper 
as affected by spacing. 

Height (cril)
Spacing Week, after trarslanting Plant fresh weight' 

(cl 
4 5 

s u(g/pait) 
6 

Interrow 
5,) 21.2 31 1 35.8 338 3 
60 
70 

21.4 
21.4 

31 4 
30.7 

3/1 
35.8 

369.4 
376.7 

Intrarow 
40 21.6 31.6 35.9 325.6 
45 21.4 31.0 36.2 370.6 
50 21.1 30.7 36.6 388.3 

"The differences were not s,gnficarni 
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Table 4. Yield, fruit number, fruit size and plant stand of bell pepper as affected by 
spacing.z 

Spacing Yield Fruit number Fruit size Plant stand 
(cm) (t/ha) (no/plant) (g/l*uit) (no/m2 

Interrow 
50 41.1 a 10.0 a 94.8 a 4.4 a 
60 37.6 ab 11.0 a 90.7 a 3.7 b 
70 30.0 b 11.3 a 87.0 a 3.1 c 

Intrarow 
40 38.8 a 10.2 b 91.1 a 4.2 a 
45 36.1 ab 10.8 ab 92.6 a 3.6 b 
50 33.9 b 11.3 a 88.3 a 3.4 c 

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

among the intrarow spacings. Wider spacing resulted in more fruits/plant (intrarow only) but l ;s
plant among population density. Spacing had no significant e' ,ect on fruit size. Yield difference was 
due to differences in thc number of fruits/plant and plant stand (R2 = 0.95*). The relative effect 
of the plant stand toward yield difference was 2.3 times higher compared to the number of fruits/plant;
path coefficient was 0.76 and 1.63, respectively, for number of fruits/plant and plant stand. This 
means that although the number of fruits/plant was reduced by narrow spacing, yield reduction was 
oftset by yield increase due to high number of plant stands. This explains why narrow spacing resulted 
in higher yield than wide spacing. 

Soft Rot Control in Chinese Cabbage Using Solarization Techniques 

Summary 

Soft rot is one of the most destructive diseases in Chinese cabbage. It infects the crop extensively
in the hot-wet summer season. At present there is no reliable chemical control measure for this disease 
and not a single crop variety is resistant. By using a solarization technique. whereby the Chinese cabbage
beds were covered and solarized by clear plastic sheets for 12 days, the soft rot incidence was drastically
reduced from 45% to 5%. About 71 % of marketable yield was saved by this technique. 

Introduction 

Soft rot. Erwiinia carcovora, is one of the most destructive diseases of Chinese cabbage. It infects 
the crop extensively in the hot-wet summer season. So far, there is no reliable chemical control against
the disease and not a single variety of the crop is resistant. Appropriate cultural management practices 
may help alleviate the situation. This study was conducted to evaluate the effect of solarization on 
disease incidence and on the growth and yield of Chinese cabbage. 

Materials and Methods 

The experiment was carried out using a randomized compicte block design with three replications.
After the field was rototilled, 1.5 x 6.0 in beds were cont-lructed. Individual plots consisted of three 
beds. Only the center beds were planted with Chinese cabbage; the other two served as border blank 
beds. The replications were separated by 1.5-ni walkways. The treatments included were: rice straw 
mulching at the rate of' 5 t/ha, single and double layer solarizatiois and the check. All treatments 
were applied 12 days before transplanting. Solarization was done by covering the beds flat with clear 
plastic sheet (0.05 nm thick). In the double layer solarization treatment, another plastic sheet was 
placed on the beds in the shape of a tunnel. All plastic sheets from the solarization treatments were 
removed two hours before transplanting. 
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On 3 August 1927, 33-day old Chinese cabbagc seedlings of the soft rot-susceptible cultivar, Fung
Luh, were tn nsplanted onto tile beds with 50-cm spacing for both between and within rows. To miininlize 
disturbance on the beds, fertilizer was applied by banding between plants at the rate of 60 kg N/ha,
80 kg P2Os/ha and 70 kg KO/ha seven days after transplanting (DAT) and 60 kg N/ha and 30 kg
K20/ha 16 DAT. To avoid any contamination from each plot, furrow irrigation was not used; the 
plants instead were watered one bv one from tilewatering can. On 28 August when the plants were 
big enough, they received 50 mni water from an overhead sprinkler irrigation. Heavy rain of 104 
nun occurred on 30 August. Total precipitation dur,;g the growing season was 298.5 nim. Tile crop
was harvested on 18 September and tile soft rot incidence recoided. All plants were harvested, except
those at both cnds of each row. All clean heads were considered marketable yield; those infected by 
sol'trot were regarded as nonniarketable. 

Results and Di3cussion 

Soil temperatuI'e at 10 ci depth was increased drastically by solarization (Table 5). The highest
temperature was from tle double layer solarization, 53.5°C on a clear day and 37.5°C on a cloudy
day. The check temperature was 32°C on a clear day and 28°C on a cloudy day.

Plant height was significantly reduced by the solarization treatments (Table 6). At seven and 10
DAT. mulched plants were the tallest, whereas those undcr double laver solarization were tile shortest.
Solarization significantlv increased soil temperature aInd, hence, increased evaporation from the soil. 
The water vapor trapped in the plastic sheet during the day time condensed and dropped off and wet 
the soil surface during the night. This alternate wetting and drying process during solarization caused
crusting of the soil surface resunring in poor soil aeration, which is unfavorable for plant growth.
The effect was more pionounced in the double laer than in the single layer since the temperature
under the former was higlier. This may be he raeason why plants from the solarization treatments 
did i)[rhave isgood grmth a,those from tie other treatments at the early growth stage. However,
the effect was only teifip:rarv sirCre plant growth, as Illa,.slred bv total weight at harvest, of' tie 
solarization treatients was ISgood as the check andiwas better than those ol the mulch treatment

(Table 6). Low total weight intile mulch treatment ina' be duIC to iiore senesced leaves at harvest
 
under this treatment than in tile
other treatments. 

The effect of solarization and mulching on the perceniage of soft rot incidence. yield and number 
and size of ilarketable heads arc presented in -,tble 1. Solarization or mulching did not affect head

sizes but significantly reduced soft rot incidence compared 
 to the check. File incidence was reduced
from 45% to 57( intile single laver solarization treatment. The incidence in solarization tended to 

Table 5. Effect of solarization and mulching on soil temperature; at 10-cm depth. 

Treatment Soil temperature at 2:00 pm (°C)
 
Clear day 
 Cleudy day
 

Check 
 32.0 28.0
Solarization (single layer) 49.0 :14.0
Solarization (double layer) 53.5 7.5

Mulching 30.5 :7.0
 

Table 6. Plant height and weight of Chinese cabbage as affected by solarization andrice straw mulching.z 

Treatment Plant height (cm) Total weight 
7 DAT 10 DAT (kg/plant)
 

Check 15.9 ab 29.7 ab 
 2.1 a
Solarization (single layer) 13.6 bc 27.7 bc 2.3 a
Solarization (double lay:r) 13.1 c 27.0 c 2.4 a

Mulching 16.4 a 
 30.2 a 1.7 b 

'Means within a column followed by thu san e letter are not significantly differrnt at 5% level by DMRT. 
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Table 7. Effect of solarizatlon and rice straw mulching on soft rot Infection, marketable 
head yield, number and head size of Chinese cabbage.z 

Ireatment 
Soft rot 

incidence(%) 

Marketable head 
Number Size(no./bed) (g/head) 

Yield 
(t/ha) 

Check 45.0 a 9.3 c 941.7 a 11.6 c 
Solarization (single layer) 
Solarization (double layer) 

5.0 b 
13.3 b 

16.7 a 
14.0 ab 

894.3 a 
939.6 a 

19.8 a 
17.6 ab 

Mulching 20.0.b 13.7 b 847.7 a 15.4 b 
ZMeans within a column followed by the sarne letter are not significantly different at 5% level by DMRT. 

be less than that in mulching. Less soft rot incidence in the solari:zation treatments and mulching resulted 
in more marketable heads harvested. The highest number of 16.7 heads/bed was frot the single layer 
solarization, whereas the lowest of 9.3 heads/be6 came frois the check. Yields from the solarization 
treatments were higher compared with those from mulching and the check. Higher yields in the 
solarization treatments were obviously due to higher number of marketable heads, which in turn was 
due to lower soft rot incidence. The relationship between yield and so ft rot incidence had a correlation 
coellicient of -0.92"*. 

Solarization can effectively reduce soft rot incidence, saving as much as 711% of the Chinese cabbage 
vield. Based on current price and on per hectare of land, it would cost a farmer US$1.742 (67 beds 
x 1() n/bed x US$0.26/ni). for plastic and labor and, in return, lie would get an income of US$5,740 
(8200 kg x US$0.70) froni higher yield. Solarization isvery economical and practical since tle plastic 
cal be used again for the next cropping season. Until a resistant Chinese cabbage variety ca; be identified 
and suitable chemical control measures are developed, solarization can be used by the farmers in the 
tropics. 

Irrigation Schedule for Tomatoes 

Summary 

'To use limited irrigation water most efficiently, a study was carried out to evaluate the effect 
of furrow irrigation schedule on toiato yield. The study revealed that with a proper irrigation schedule, 
toniato irrigated three times yielded as high as those irrigated four or five times. Thu most efficient 
and best treatment was to irrigate the crop three times at 0, 30 and 45 days after transplanting (DAT). 
This irrigation schedule significantly enhanced fruit setting of the crop as indicated by higher number 
of fruits/plat at harvest. 

Introduction 

In general plant water consumption increases with plant age and reaches the peak at flowering 
stage. Thereafter, the consumption declines during fruit setting and fruit-ripening stage. To use water 
efficiently, timing of irrigation is very important. This study was therefore conducted to determine 
the effect of, furrow irrigation schedule on the yield of tomatoes. 

Materials and Methods 

A field experiment using randomized complete block design with four replications was conducted 
to evaluate the effect of irri, ation schedule on tomato yield. Treatments used were irrigation at 0 
and 15 DAT: 0 and 30 DAT: 0 and 45 DAT: 0 and 60 DAT: 0, 15 and 3( DAT; 0, 15 and 45 DAT; 
0, 15 and 60 DAT: 0, 30 and ,45 DAT: 0, 30 and 60 DAT; 0, 45 and 60 DAT; 0, 15, 30 and 45 
DAT; 0, 15, 30 and 60 DAT: 0. 15, 45 and 60 DAT: 0, 15. 30, 45 and 60 DAT, and 0 DAT for thie 
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check. The 0 DAT refcrr :d to irrigation immediately after transplanting. Individual plots consisted 
of four 1.5 x 4.8 in beds. The plots were separated by a blank bed and replications by a 2-rn wide 
walkway. On 4 November 1986, 27-day old seedlings ot the tomato variety. TM 103, were transplanted 
on'o one row beds with plants spaced 40 cm apart. The crop was furrow-irrigated with approximately 
720 liters of water/lurrow. Fertilizer was applied basally at 40 kg N/ha, 80 kg P205 /ha and 50 kg 
K2O/ha and 40 kg N/ha plus 50 kg K,O/ha as sideuress at 14 and 28 DAT. Harvesting was done 
six times from two center beds on 21 January, 2, 13, 19 and 26 February and 9 March 1987. Throughout 
the growing season, precipitation was 39. 0 mm and evaporation was 515.6 nm. 

Results and Discussion 

The marketable yield of TM 103 and its attributes are presented in 'able 8. Yields froni all 
treatments, except those froni the treatment irrigated at 0 and 15 I)AT, were higher than the check. 
In general, yield increased with increasing number of irrigation applications. Irrigation at 0 and 30 
DAT gave the highest yield of 66.7 t/ha among the treatments irrigated twc, time:,, whereas irrigation 
at 0. 30 and 45 I)AT yielded the highest among those irrigated three times. When all treatments were 
compared, the treatment with three irrigations at 0, 30 and 45 DAT yielded as high as those irrigated 
tour or flive times. Yield difference was due more to difference in the number of fruits/plart than 
to difference in fruit size: path coeffi cint c ftle iinLIuber of fruits/plani was foiur times higher than 
the fruit size. i 1..1.2 vs 0.3. Higher yield was due to higher number of fruits/plant which isassociated 
with small fruit size (r = -0.72**). 

Therebre, with proper irrigation schLIeduIe, tomato irrigated three times yielded its high as those 
irrigated four or five times. To maximize the yield of treatments irrigated three times, the second 
and third irrigation should be applied 30 and 45 DAT (tlower and fruit development stage. respectively) 
since this significantly enhances fruit setting of the crop as inrdicatcd by higher n1muber ol" fruits/plant 
at harvest. 

Table 8. Yield, fruit size and number of fruits of tornato following different furrow irriga
tion schedules.z 

Irrgation application "leld 
Marketable fruit

Size Number 
(DAT) (t/ha) (g/plant) (no./plant) 

0, 15 52.7 ed 58.9 a-d 54.8 fg 
C, 30 66.7 abc 57.0 cd 73.0 b-e 
0, 45 60.2 bcd 57.1 cd 65.0 c-f 
0, 60 
0, 15, 30 

59.4 cd 
59.1 cd 

62.8 a 
59.1 a-d 

57.6 efg 
62.9 def 

0, 15, 45 58.0 cd 57.2 cd 63.5 c-f 
0, 15, 60 62.1 bcd 62.4 ab 59.9 ef 
0, 30, 45 79.7 a 54.6 d 91.8 a 
0, 30, 60 67.9 abc 60.4 abc 70.3 b-f 
0, 45, 60 71.4 abc 59.4 a-d 73.4 b-e 
0. 15, 30, 45 71.4 abc 54.8 d 79.5 abc 
0, 15, 30, 60 
0, 15, 45, 60 

66.2 a-d 
77.3 a 

58.1 a-d 
57.8 bcd 

71.0 b-e 
82.7 ab 

0, 15, 30. 45, 60 73.8 ab 58.3 a-d 79.0 a-d 
0 (check) 42.0 e 61.8 abc 42.9 g 

ZMeans within a column foriowed by the same letter are not significantly different at 5% level by DMRT. 

Development of Low Pressure Drip Irrigation for Vegetable Crops 

Summary 

)rip irrigation is lie most efficient and effective system of supplying water for plant growth. 
At present, many types (li drip irrigation systems are commercially available. Unfortunately, most 
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of them are very expensive, very sophisticated and delL'ate, and require high pressure. These systems 
are obviously far beyond the ieach of small-scale farm,-rs who constitute the imajor proportion of the 
farming conmnunity in the tropics. To meet the needs of small-scale Carmers, AVRDC developed a 
low-pressure drip irrigation system. The systel does not require high pressure or filtration, is very 
inexpensive, simple and can be constructed ty the farmers themselves. It consists ol PVC pipes which 
serve as laterals, hols (5.0 nuni in diameter) on the laterals, sponges (2.0 cm long, 1.0 cn wide and 
0.7 cm thick) which serve as drippers, and a water tank of 200 liter capacity. Results of a trial on 
Chinese cabbage indicated that the system, performed satisfactorily and saved from 65.8% to 77.2% 
water coipared to furrow irrigatioii. 

Introduction 

Drip irrigation is the iost efficient and effective water supply system for plant growth. The system 
is essential especially in dry areas where water supply is scarce. Numerous researches showed that 
crop yields were increased significantly by the use of drip irrigation. Also, tile quality of tie drip
irrigated crops was inproved. Increased yield and quality under drip irrigation have been attributed 
to better water utilization, less salt and higher oxygen concentration in the root zone. 

Many types of drip irrigation systems are conunercially available. Unfortunately. nost of then 
are very expensive, 'cry sophisticated and delicate, and require high piessure, about I atmosphere. 
The svsteis cannot be af'f'orded by small-scale flar mers whoi make up tile niajor propo rtion of the 
farming conmmunity in the tropics. 

AVRDC therefore developed a drip irrigation system which is practical and can be afforded by 
sinall-scale farlers using locally avail:ble materials. 

Experiment I 

Materials and Methods 

Materials used were 200 liter orange plastic tanks, which gave a pressure head of 0.07 atm when 
filled with water, faucets, cotton and PVC pipes (1.5 cm ID, 3.0 rm thick wall) used as laterals 
in tile drip irrigation system. Holes of 2 nuu diameter were drilled 50 cii apart along the pipes. The 
holes served as ciiiitters to deliver water to the plants grown at the same distance as tie holes. To 
slow down water lisChareC rate, the holes were plugged loosely with cotton. By varying the amount 
of'cotton used, the discharge rate Was adjustcd to II ilMin per hole, with a range of"8 to 13 ll/mnin 
per hole at a pressure head of 0.08 atni. The f'au.cets were placed close to the bottonl ,If tile tanks. 

The systein was asseibled in the field where 8-in long pipes with cotton inserts were connected 
to the Iaucets usinc rubber tubing. Rubber stoppers were <ised at tile other end of the pipes (closed 
systeim). Two irrigation systCmS were tested. i.e. underground systemn in which tie pipes were burried 
15 cin below the sail stirface and aboveground systen in which the pipes \\ere laid on thle soil surl'ace 
along planting beds. Individual beds acconinnodated two rows of Chinese cabbage vhich were provided 
with two lateral lines of the drip irrigation systei. The tanks were filled with water so that Ihey had 
ina xi limUln pre:.surt head of 0.07 alin. By turning oin tlie faucet, water was delivered into the systemI. 
The crop was irrigated eve'rday 

Results and Discussion 

The results of this experiment were not satisfactory and the crop was not harvested duc to soiie 
difficulties in thc systeini: 

I.Hole size of"2 nun diameter was too snall. the holes did not deliver sufficient anount of water 
for plant growth, especially during later growth stages. 

2. 	 )ue to the low elasticity of cotton when wet, it was pushed off froin the holes and. hence, 
broke down the system. 
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3. Water discharge rate of the underground system was much slower than the aboveground system
since roots grew into the holes and obstructed water discharge.

4. Since this design wils a closed drip irrigation system and operated under vcry low pressure,
it was rather di[Ficult to expel air bubbles which were trapped inside the laterals. 

Experiment II 

Materials and Methods 

Based on tle result,; of Experi ment I,the following changes and modifications were made: (I)
the underground system was dropped: (2) hle size was made bigger from 2 mm to 5 mm dianieter; 
and (3) artificial sponge With good Witer absorbing quality was used inaddition to cotton. The other 
materials used were the same as tolse used in -xperiment I. 

An open system xNas developed in this experimrent. In this systeni, rubber tubing was attached 
to the end ofthe laterals and the ,ther eod was lef) open. To prevent water fron flowing out thi'oughi
the open end, tilerubber tutbin ,was raised vertically sO that its open end was higher than the water 
level inl
the water 	tank. 

This systen was comnpared with furrow irrigation using sweet pepper as a test crop. The experiment 
was conducted using a randomized coluplete block design with iwo replications. The treatrments included 
were: sponge drip system (sponge size was 1.0 :m wide, 2.0 crn long and 1.2 cin thick). which delivered 
20 to 2P illof waterinlinute per hie at 0.08 atin pressure Ihead; cotton drip s'steii, wliich delivered 
18 to 20 nil of water/rniinule per hole at 0.08 atn pre:+.,t¢r head; furrow irri&atiin: and check. lied 

2
size was 1.5 x 8.0 In.Seedlings of' sweet pepper cv. Blue Star, With about six true leaves, were 
transplanted onto tie beds on 20 March 1987 with 50 crii space between rows and 40 ci within rows 
forming two rows!bcd. The drip irrigation treatrients \\'ere turned oineveryday and closed when 
sufficient anmount of, waler was delivered. 

Results 	and Discussion 

Yield of sweet pepper and its attributes are presented in Table 9. Although none o the characters 
measired were significantly affected by the different irrigation sysrenis, yield ar:d fruit size front the 
sponge drip systen tended tocbe higher than those from the furrow aid cotton treatnent '[le obvious 
benefit from drip irigation was water saving. Water used for furroV irrigation was 2.9 to 4.8 tiries 
more than dri irrigation. Since the titte of operation for both drip irrigation systeris w-as the same. 
the sponge drip systeni discharged more water than the cotttor systen (829.0 vs 501.5 I/bed).

Throughout the growing period, water under the drip irrigation system was delivered ltthe rate 
of 250 to 375 nil/plant per day. Althigh it would be lgical to incra:;sc the alIOU t i f water delivered 
in accordance with increased plant age. it was difficul t0 dci sic becUse ofi the c\tremely slow discharge
rate of the system at later dates, probably due to tIe expansion ci the sponge aind Cotton. Solietilies. 
it.+took three to seven h(uirs to deliver 10 to 15 liters if water bed. The probleri was riocre serious 

-,vilh the cotton drip systen. 
Anrother problem eniuntered was the deeIopncrit of algae oiltile sporge and inthe warer tank 

after fertilizer application. Due to its good alsoilbig (LIality, lie sponge stayed mtoist all the time 
even if' the sV.telli was turned off. which was favcorable for the growth cof algae. Adding 25 nil of 
Cllorox solution per 20(( liters cof water inthe tank helped alleviate the prinblen ,ignificanrlv. 

Table 9. 	Yield and yield attributes of sweet pepper as affected by different irrigation 
systems!2 

Yield Fruit size Fruit no. Water irrigated
(g/plant) (g/fluit) (no./plant) (I/bed) 

Furrow 414.4 59.6 7.3 2400.0 
Sponge drip 489.5 82.8 5.0 829.0
 
Cotton drip 390.6 66.2 5.9 501.5
 

ZYield and its attributes were not significantly affected by irrigation systems. 
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Experiment III 

Materials and Methods 

The modification made in this experiment was the use of a poor absorbing quality sponge (packing 
material) instead of a good absorbing one. The size of the sponge was I cm wide. 2 cm long and 
1.0 cm thick instead of' 1.2 cm. The ithickness of the sponge under this cyperinient was lessened to 
increase and tacilitate the discharge rate. Due to low elasticity and low discharge rate. the cotton drip 
system was discontinued. The other materials and methods used were the same as those in Experiment 
II. 

The effectiveness of this system was compared with lurr irrigation using Chinese cabbagce asvow 
a test crop. On 9 April 1987, 25-day old Chinese cabbage seedlings, cv. Bing Luh. were transplanted 
onto beds with two rows/bed using a 50-cm spacing between and within rows. Beds were 1.5 il wide 
and 16 il long. All beds received 40 kg N/ha, 80 kg POs/ha and 50 kg K2(i'ha as basal application. 
The furrow irrigation treatment received an additional 138 g urca/bed and 133 g KCI/bed as sidcdrcss 
application at 18 DAT, whereas the drip irrigation treatment received 30 c each of urca and KCI/hcd 
fI'ur times through the water tanks at 1, 11 1 18 and 21 DAT. The experinient was conducted using 
a randomized complcte block design with three replications. The crop was harvested on 17 May 1987. 

Results and Discussion 

Throughout the growing season, the check was furrow irrigated once immediately after tralis
planting, whereas the furrow irrigation treatment received water three tiies. i.e. imimnediately after 
transplanting, and I\.o and four weeks after transplanting. The anount of' irrigation water used and 
growth and yield of Chinese cabbage are presented in Table 10. Furrow irrigation gave the biggest 
pIant and Iiighest vield dile to gLooLd walter tll ou t tile growinrig restilt insupplV Lro sea sol, , in higl 
heading rate and large head size. Althou.gh the drip irrigation treatmietit resulted in as high a heading 
rate as fu rrow irrigation. tile Chinese cabbagc had srialler heads, and hence 1t\,Cl" vield. This indicated 
that either the distribution oh' water under the drip irrigation was not glood throLughoutt the growing 
season or the amount of' water supplied by the systern was not sutfficient. Water discharge rate froi 
the drip systei was significantly reduced as time elapsed. Since iio algae developed on the systei. 
the reduction il disclarge rate could be due to the very big size of' the sponge and very thick pipes 
('vall thickness of 3 ri). 

Table 10. Growth and yield of Chinese cabbage and amount of water irrigated under 
different irrigation systems. 

Plant wt' Yield' Head size" Heading' Water irrigatedIrrigation (kg/lr ant) (kg/bed) (g/head) rate (%) (/bed) 

Check 1.5 b 10.5 c 523.3 b 64.9 b 780 
Furrow 1.8 a 17.7 a 636.7 a 93.5 a 2340 
Drip 1.5 b 16.3 b 543.3 b 95.8 a 1G4C 

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

Experiment IV 

Materials and Methods 

The experiment was conducted to compare the effect of sponge and lateral thickness on the discharge 
rate arid pressure head loss of the system. Materials used were the sante as those used in Experiment 
Ill. The treatmient:, included were: sponge (I ci wide, 2 cii long) of different thickness, 0.6, 0.7 
and 0.8 ciii: and pipes with two thickness, 1.5 iimi (I .8 cm I D) and 3.0 inil (1.5 cm I D). The laterals 
were 16 and 32 iii long and had 32 and 64 eiiitters. respectively. Discharge rate was Measured at 
pressure head of 0.07 atm. Pressure head loss was tieasured at the end o,' the laterals which had wall 
thickness of' 1.5 ram. 

http:Althou.gh
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Results and Discussion 

The sponge and lateral thickness had a significant effect on water discharge rate (Table 1I). The 
rate was reduced fron 32.4 to 26.5 1/30 rini per bed when the thickness of the lateral was increased 
from 1.5 miii to 3.0 rn. A simnilar eflect was also obtained when sponge thickness was increased 
from 0.6 cm !o 0.8 cm. There was no difference between tle discharge rate of the sponge thickness 
of 0.6 and 0.7 ciii. 

Pressure head loss and discharge rate were obviously affected by sponge thickness and length 
of laterals (Table 121. The pressure loss wis reduced when thickness of tile sponge was increased: 
the loss was higher when tile lateral length was increased. The loss oI the pressure head in the ssteili 
affected tie water discharge rate I'roin varioutis emitters. )U, to highier pressure loss. the differences 
in discharge rate betweei the first and tile last emiiter of tie O.6-cn thick sponge systeil (1.7 liter/bed 
for the 16 it lateral and 5.8 liter/bed for the 32 lii lateral) were greater than those of the ssteni with 
thicker sponge size. i.e. 0.7 and 0.8 cii. 

Based on the results of thL-above experinients, it is concluded that the low pressure drip irrigaiti 
svsteni should have the following specifications for satisftactory' operations: (I) laterals shoLuld be 1.5 
mmrn thick with I.8 ci inside dialieter: (2) hole size should be 5 tutu: (3) the sponge nust be 
iotailbsorbing type (packing tiaterial). 1.0 cii %vide, 0.7 or- 0.8 cin thick and 2.0 cii long: (4) 
aIncveground and open systci: and (5) pressure head im st inot be high: the systcin works wvell with 
pressure head of abc.int 0.07 atn. 

Table 11. Discharge rate as affected by sponge and lateral thickness measured at 

different weeks. 

Thickness (cm) Discharge rate (1/30 rin/bed) 

Lateral Sponge 3 4 5 (WAI) Average Grand mean 

0.3 0.6 26.5 34.0 31.5 30.7 
0.7 32.5 32.5 31.0 32.0 
0.8 14.0 18 5 17.5 16.7 26.5 

0.15 0.6 46,0 34.5 32.5 37.7 
0.7 49.5 33.0 37.5 40.0 
0.8 26.0 16.0 165 19.5 32.4 

'WAI = weeks after installation. 

Table 12. Pressure head loss at the end of the lateral and discharge rate of the first 
and last emitters as affected by lateral length and sponge size.' 

Lateral Sponge Pressure loss Discharge rate (I/hr) 
length (m) thickness (cm) (atm x 103 ) First Last Difference 

16 0.6 9.0 7.9 6.2 1.7 
16 0.7 6.8 6.2 5.3 0.9 
16 0.8 5.0 4.7 4.0 1.7 
32 0.6 30.0 8.7 2.9 5.8 
32 0.7 28.0 5.7 2.7 3.0 
32 0.8 24.7 4.7 2.5 2.2 

'The system was operated under pressure head of 0.07 atmosphere. 

Experiment V 

Materials and Methods 

The drip systein was further inodilicd and iiprovCd. III this study the drip irrigatin was tested 
for its effectiveness atnd efficiency oin Chinese cabbage in comiparison to furrimv irrigation. Chinese 
cabbage seedlings were transplanted oi 21 Septeiiber onto 1.5-in wide and 8.0-ii long beds at a spacing 
of 5 ci betIIIcn plants and between rows, fortiiing two ro ws per bed. 
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The experiment was conducted using a randomized complete block design with three repications.
rhe treatments were: furrow irrigation two times ('Fi), furrow irrigation three times (T,), and low
pressure drip irrigation (I73). The drip system consisted of 200-liter plastic tank, which gave pressure
head of 0.07 atmosphere when filled with water, and PVC pipes (laterals) of 2.0 mm wall thickness 
and 1.6 cm inside diameter. The sponge was 0.7 cm thick, 1.0 cm wide and 2.0 cm long. Hole size 
was 5.0 mm in diameter. Each drip-irrigated bed had two laterals lying on the soil surlbce and providing 
one dripper per plant.

The crop was given basal fertilizers of 50 kL, N/ha, 80 kg P05/ha and 50 kg K20/ha. In
addition, the furrow-irrigated treatments were sidedressed with 40 kg N/ha and 50 kg K2 0/ha twice 
at 8 and 28 I)AT, whereas the drip-irrigated plants were fertilized with 20 kg N/ha aind 25 kg K20/ha
thrice it 8, 18 and 25 I)AT. Furrow irrigation was applied 0 and 20 DAT for Ti and 0,10 and 20
DAT 'forT,. Drip irrigation was regulated to deliver 10 liters of water/bed per daw for the first 12
days, 20 liters/bed per day from 13 to 26 DAT, 3t0 liters/bed per day at 27 I)AT. and 40 litersbed 
per day from 28 to 45 DAT. The crop was harvested on 9 November at 46 DAT.)uring the course of' the study. Mcan maxiinliuin and ii iniium temperature were 29.20C and
 
21.°6'C, respectively. Total precipitation was 42.5 rmn, whereas total evaporation was 207.0 Ii.
 

Results and Discussion 

Plant height was not atfcctcd by the different irrigation systems at two weeks after transplanting

OA'). At three WAT. plants under the drip irrigation and the furrow irrigation (3 times) treatments
 
were the tallest (Table 13). There was no height difference at four WAT. Although there was no

obvious average height difference, growth in the drip-irrigated treatment was more iunilrmn, as indicated
 
by lower standard deviation, Compared to tie lurrow-irrigated treatment (Table 14). The high Uniforn lity
of plant growth under drip irrigation may be (tue to g10od soil structure which was least disturbed
and, hence, provided hetter soil aeration for plant growth. On the :ither hand, soil aeration under
lurrow irrigation was ilmpaired due to surface crusting caused hy alternate wetting and drying of tie soil.

Total plant weglt, head size and yield arc presented in Table 15. Although there were no significant
differences in any of tliese characters, total weight, head size and yield of' plants under drip irrigation

and furrow irrigation (3 tinmes) tended to be higher than those Under furrow irrigation (2 iimes). Unlike

the results of Experiment IIIin which the vicid of tile
drip-ir rigated plants was lower than the furrow
irrigated ones, in this stidy*t11e Chinese cabbage yield from tile
drip irrig'ition treiicnt was as high
as that of' tie treattment receiving furrow irrigation three times. This shows that low-pressure drip
irrigation worked satisfaclorily and delivcred a suffi ciit atinmt of' water I ir plant growth tIi roUghOut 
tie growing seas(on. 

Table 13. Plant height of Chinese cabbage at various growth stages as affected by furrow 
and drip irrigation. 

Height (cm)Irrigation 
2 WAT 3 WAT 4 WAT
 

Furrow (2 times) 20.2 a 25.6 b 30.7 a

Furrow (3 times) 21.3 a 28.8 a 32.0 a

Drip 20.1 a 28.2 a 32.0 a 

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

Table 14. Uniformity of plant height of Chinese cabbage as affected by furrow and drip 
irrigation. 

Irrigation Standard deviation of plant height (cm/plant)
 
2 WAT 
 3 WAT 4 WAT
 

Furrow (2 times) 0.36 0.35 0.51

Furrow (3 times) 0.41 0.25 0.47

Drip 0.36 0.28 0.35 
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The most obvious benefit from drip irrigation under this study was water use efficiency and soil 
compaction (Table 16). Drip irrigation saved water by as much as 65.8% to 77.2 %compared to furrow 
irrigation. The water use efficiency (WUE) under drip irrigation was 3.3 to 4.2 times higher than 
in furrow irrigation. Due to less soil structure disturbance, soil compaction as indicated by soil 
penetration resistance of the drip irrigation treatment was much lower than in furrow irrigation. Soil 
compaction in the furrow-irrigated treatment increased with increasing number of applications; 1.5 
kg/cm2 and 2.4 kg/cm2 , respectively, for irrigation two and three times. Other benefits observed, 
although no data were recorded, were less weed problem and labor savings on fertilizer application 
under drip irrigatioi,. 

Conclusion 

The low-pressure drip irrigation system can be adopted by farmers in their fields. The system 
is inexpen.si\e, simple and can be constructed b, the farmers themselves. Due to big hole sizes, clogging 
of drippers is unlikely. The system is suitable for the vegetable field and should be able to irrigate 
a land area of 0. 1 to 0.2 ha. 

Table 15. Total plant weight, head size and yield of Chinese cabbage as affected by 
furrow and drip Irrigation. 

Total weight Head size Yield 
Irrigation (kg/plant) (kg/head) (t/ha) 

Furrow (2 times) 2.05 1.00 26.15 
Furrow (3 times) 2.12 1.13 30.12 
Drip 2.20 1.12 29.75 

Table 16. 	Soil compaction, amount of water applied and water use efficiency under 
furrow and drip irrigation. 

Soil compaction WUE Water irrigatedIrrigation 	 resistance(kg/cm 2) (g/1) 	 (/bed) 

Furrow (2 times) 	 1.5 13.1 2400 
Furrow (3 times) 	 2.4 10.4 3600 
Drip 	 0.4 43.5 820 



Cropping Systems 

Collecting and Testing the Second Set 
of 'New Vegetables' 

Summary 

This study aimed to gather more information on tropical vegetables for AVRDC's nutrition garden 
project and bilateral programs, and for the Center's cooperators. The second set of 15 new vegetables 
was selected in 1986. A total of 566 varieties of these crops had been collected until December 1987. 
Observational and advanced trials of sone of these crops were conducted during 1987. Results showed 
that three entries of malabar spinach. four of yardlong bean, and two of kangkong outperformed other 
entries. These entries will be included in advanced yield trials for further confirmation and nutritional 
studies. 

Introduction 

This study was conducted to gather more information on tropical vegetables for AVRDC's nutrition 
garden project and bilateral programs, and for its cooperators. The second set of new vegetables was 
selected in 1986. Commercially available cultivars of these 15 crops were collected to evaluate their 
yiclls. horticultural characteristics and nutrient contents under tropical environments. There were 33 
varieties of these crops, hence, a total of 566 varieties were collected in 1987 (Table I). Observational 
and advanced trials of some of these crops were conducted during 1987. 

Table 1. Collection of new vegetable crops. 

Vegetables Scientific name No. of varieties received 
Broccoli Brassica oleracea var. italica 48 
Carrot Daucus sativa 81 
Cucumber Cucumis sativus 84 
Eggplant Solanum melongena 30 
Hyacinth bean Dolichos lablab 4 
Kangkong 
Leaf amaranth 
Leaf lettuce 

Ipomoea aquatica 
Amaranthus spp. 
Lactuca sativa 

24 
12 
95 

Malabar spinach Basella alba and rubra 11 
Nonheading Brassica 

Chinese kale 
Paitsai 

Brassi-a oferacea var. acephala 
Brassica campestris var. chinensis 

18 
20 

Rape green 
Onion 

Brassica napus 
Allium cepa 

14 
60 

Spinach Spinacia oleracea 49 
Yardlong bean Vigna unguiculata var. sesquipedalis 16 

Total 566 
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Materials and Methods 

A randomized complete block design with replications was used in all trials. A total of"9 anc 
13 varieties of malabar spinach and yardlong bean, respectively, were evaluated for their perlbrnance,
and nutrient contents. Nutrient contents of amaranth and kangkong from the 1986 trials were analyzed. 

Results and Discussion 

Amaranth. Amaranth had relatively high leaf growing rates during summer without significant
differences among entries last year. Results of nutrient analysis showed that their contents were similar 
(Table 2). Differences in some nutrients among entries were correlated to differences in dry inatter 
contents, which inight be related to different maturing stages, since leaves were sampled on the same 
day. 

Malabar spinach. A much higher yield was obtained this year since seedlings were 
transplanted earlier (16 April) compared to last year (25 July) (Table 3). This vegetable can be grown
and harvested for a long period, as long as the temperature is high enough for it to stay in vegetative 
phase. Among entries, White, Green Malabar Spinach, Green Leaf and Green Stem (big leaf) outyielded
the oth ,r entries. Green Leaf had the highest c'lcium content, while White and Green Stem had higher 
vitamin C compared to the other .ntries (Table 3). 

Yardlong bean. Three new entries, namely: Golden Mountain. Green Tail and White Lip
outyielded the other entries during the summer planting season, while most entries in the autuni planting 
season performed well, except Local Red Seed. Green Tail and White Lip (Table 4). The dramatic 
difference in yield of white Lip between two seasons was mainly due to the number of pod set, showing 
a sensitive response to environments. The differences in fiber, protein and iron contents among entries 

Table 2. Yield and nutrient contents of amaranth in observational trial, summer 1986. 
Yield Dry matter Protein Fiber Ca Fe Vit. C il-caroteneEntry (t/ha) (%) (91 (%) ........................... mg/100g g .............................
 

White leaf 4.4 11.5 2.49 1.19 259 15.9 29.2 1.85
 
Local white 4.0 11.9 2.68 1.16 261 23.3 38.9 1.15
 
Local red 4.2 11.6 2.46 1.18 269 13.1 35.5 1.98
 
White amaranth 3.8 10.4 2.45 1.03 230 19.9 23.4 1.22
 
Red amaranth 5.2 10.6 2.34 1.10 250 13.8 30.4 2.46
 
Yellov. leaf 3.3 
 10.2 2.33 0.96 236 19.0 23.6 1.53
 
Red amaranth 4.4 11.2 2.61 1.08 272 
 17.6 19.9 2.26
 
White amaranth 4.2 11.5 2.64 1.09 250 17.3 32.0 1.49
 
LSD (0.05) 0.7 0.09 

Date sown 24 July 1986 Date harvested 25 August 1986 

Table 3. Yield and nutrient contents of Malabar spinach in observational trial, summer 
1987. 

Yield Dry matter Protein Fiber Ca Fe Vit. C 43-carotene
Entry ,) (%) (%) (%) .............................
 

White 79 10.1 1.22 0.94 153 5.29 145 1.70 
Green stem 70 10.5 1.20 0.81 164 4.53 130 2.42 

(big leaf)
 
Red stem 61 9.2 1.29 0.90 131 4.28 88 
 2.17 
Green stem 56 10.9 1.56 1.08 131 5.48 126 2.68 

(small leat) 
Green leaf 68 10.3 1.60 0.91 197 5.40 118 2.66 
Green leaf 55 11.4 2.28 1.26 128 4.87 122 2.43 
Sakada 59 10.6 1.18 0.93 104 4.60 105 1.98 
Purple 56 8.9 1.15 0.85 120 3.70 83 1.69 
Green 73 8.9 1.'8 0.91 136 4.21 114 2.18 
LSD (0.05) 1.0 0.19 28 26 

Date sown: 12 March 1987: Date transplanted: 16 April 1987. Date harvested: 11 May to 4 September 1987. 
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were correlated to their dry matter contents (r = 0.926**, 0.962** and 0.916**, respectively). In 
general, Green Kaohsiung and Soft Pod Red Sced had higher nutrient contents than the other entries. 
Among the high-yielding entries, Golden Mountain and Green 'Fail contained more nutrients. 

Kangkong. It was reported last year that kangkong should be harvested more than once to 
obtain a higher yield; however, the fiber content could have increased as the number of harvests was 
increased. Results of nutrient analysis showed that the dry matter contents increased in the second 
harvest (9.13%), compared to the first harvest (7.59%), but the fiber contents were similar in the 
two harvests (I .03'7 and 0.96 7c respectively). There was no significant difference in nutrient, except
the dry matter contents among entries in the first harvest. In the second harvest, Cheng Chang and 
Taichung Wong had lower fiber contents compared to the other entries (Table 5). 

Table 4. Yield and nutrient contents of yardlong bean in observational trials, 1987. 

Entry Yield (t/ha) Dry matter Protein Fiber Ca Fe Vit. C 
(%) ----------Summer Autumn (%) (%) - g/100 g .................
 

Green pod

Kaohsiung 3.2 12.1 11.6 2.59 1.16 
 38.5 3,01 26.9
 

Green arrow 10.5 13.1 8.2 1.93 0.89 40.6 
 2.19 21.5
 
Soft pod red seed 11.5 9.9 12.0 2.78 1.26 48.9 2.78 25.1

Local black 7.6 10.7 9.0 2.05 0.95 40.7 2.19 22.8
 
Local red seed 11.4 8.4 9.7 2.28 1.08 40.8 2.63 23.8
 
White seed 10.2 126 8.4 2.02 0.97 36.3 2.02 20,1

White seed-2 11.4 11.8 8.8 2.07 0.96 39.9 2.18 23.9
 
Black seed green
 

pod 3.2 12.2 10.2 2.28 1.07 36.3 2.79 22.2
 
White 	seed white
 

pod 12.0 12.2 8.6 2.13 0.97 38.3 2.23 20.2

White pod 11.5 11.5 9.7 2.27 1.08 40.0 2.42 21.9 
Golden mountain 16.8 11.3 10.0 2.41 1.09 46.8 2.47 21.9 
Green tail 17.3 9.3 10.7 2.49 1.04 47.4 2.75 21.3
 
White lip 23.7 5 5 8.7 2.21 0.99 
 36.3 2.26 25.1
 
LSD (0.05) 4.0 2.1 0.9 0.26, 0.13 
 0.38 

Date sown Summer 6 May: Autunin 1 August Date harvested Sumefr 23 June to 1OAugust:Autumn: 5 October to 2 November. 

Table 5. Yield and nutrient contents of kangkong in observational trial, summer 1986. 
Yield Dry matter Protein Fiber Ca Fe Vit. C 3.caroteneEntry ((/ha) (%) (1%) ( ") .......................... g/100 g..............
 

Large leaf 15.7 10.0 2.87 1.02 110 8.62 40.0 2.23 
Common variety 18.4 8,9 2.45 0.90 1,0 5.96 30.8 2.39 
Chu-Yieh-Ching 15.6 9,0 2.48 0.92 114 6.45 30.8 -2.03 
Local white stem 20.8 88 2.45 0.95 120 5.38 23.0 1.88
Yuan Lin 19.8 9.5 2.45 0.96 119 7.79 33.3 2.30 
Long leaf 19.9 8.8 2.73 0.91 123 5.78 37.3 2.45 
Chu Yieh 15.2 9.0 2.29 0.94 111 4.96 37.5 2.72 
Chung Yieh 20.3 8.6 2.37 0.94 124 6.07 27.4 2,14
Chu-Tzu Yieh 20.0 8.8 2,89 0.96 104 6.62 30.0 2.47 
Shuie Wong 18.5 9.4 2.46 0.96 133 6.49 34.2 1.95 
Cheng Chang Yieh 19.3 8.8 2.52 0.84 110 4.90 35.7 2.37 
Taichung Wong 18.5 8.7 2.46 0.88 106 6.05 32.5 1.88 
C variet-' 12.5 9 1 2.69 1.05 100 5.73 30.5 1.39 
Ching-Ku-Jan-Yieh 20.2 9.8 2.64 1.11 111 7.54 34.2 1.54 
Pai-KU-Jan-Yieh 19.3 8.7 2.45 0.94 126 5.41 38.1 1.70 
White 4. 1 8.9 2.36 0.98 117 7.01 36.6 1.32 
Green 17.7 9.5 2.54 1.02 105 6.32 37.9 1.76 
Ching-Yieh-Chin-Keng 17.2 9.7 2.50 0.95 130 6.31 32.4 2.39 
Ching-Yieh-Pai-Keng 14.5 9.4 2.49 1.06 99 6.13 39.8 1.26 
LSD (0.05) 	 0.7 0.13 
Date sown 25 July 1986. Date sampled: 12 September 1986 (second harvest). 
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Garden Program 

Summary 

Garden research during 1987 focused on intornation on individual crops and possible interactions 
between crops. The characteristics which might be used in the garden design from 43 varieties of 
16 vegetable:; had been recorded from the school and home gardens and placed in the Tropical Vegetable 
Data File (TVDF). The AVRDC noncirculating hydroponic system was adopted as an urban home 
garden, and seven out of eight lea fy vegetables were tound to be suitable for this system. Deep plowing 
and 	compost application were found to be suitable management techniques in gardening. 

Introduction 

The AVRDC garda program initiated in 1981 aimed to increase the nutritional status and income 
of people in the tropis. Researches in the lirst phase of the program had demonstrated that a 4 x 
4 il 	garden can supp!-ment the nutritional needs of a family of five significantly on a year-round
basis. Hence, studies in the second phase. which started in 1987, are being focused on garden designing 
and management. Since information on vegetable production in the tropics is often lacking and hardly 
accessible, a data base is being built up using data obtained from garden studies. In the meantime. 
the key characteristics of vegetables needed for garden planning in the tropics are being identilied 
by testing the productivity (weight of edible part, vitamin, or mineral) of a garden designed ba 'd 
on the information from the data base. 

Materials and Methods 

Home and school gardens. Also used for demonstration purposes, lur home gardens, each 
containing 18 1.2 x 0.7 il plots and a school gardel containing 96 1.2 x 1.5 il plots were planted
continuously with different vegetables. Since vegetable production on a garden basis had been clearly
demonstrated, these gardens were mainly used for collecting data on individual crops, and the possible 
interaction between crops, i.e. effects of inter- and sequential cropping during 1987. Different vegzetable
varieties collected locally were grown insuch a way that each variety can be planted indifferent seasons. 
Each plot in the garden had acode number.The data collected were all keyed into the computer, analyzed 
and then stored in a data base. The data collected arc shown in Table 6. 

Urban home garden. The AVRI)C noncirculting hydroponic system was adopted f'or urban 
home gardens. Studies were focused on the evaluation of'uitability of dil'ferent leafy vegetables under 
this system. Figure I shows the setup of the hydroponic system: 

* 	 Polystyrene container for nutrient solution, which also served as insulator from heat and light 
to increase the oxygen in the solution and to prevent the Occurrence of moss under tropical 
conditions. 

* 	 Plastic basket to support the meditm and plants; the nediuill used in the prcsenl stud), was smoked 
rice husk. 

" 	 Nutrient solution. The stock solution developed by AVRDC in 1986 was prepareJ by the Taiwan 
Fertilizer Company. 

Garden management techniques. Two experiments on the improvement of garden 
management techniques. deep plowing andi compost application were carried out by comparing tile 
yields of different vegetables grown in school garden plots with or without deep plowing and vith 
or without compost application.The nutrient contents of amaranth and kangkong from the compost 
trial were analyzed by the Chemistry Department. 
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Table 6. Data on vegetables collected from gardens and stored in data base. 

From gardens In data base 
Code of plot Code of plot
 
Name of crop Name of previous crop

Name of variety Name of crop
 
Date sown Name of variety

Data transplanted Date sown
 
Date of each harvest Date transplanted
 
Number of plants harvested Period from sowing
 
Weight of plants harvested (or transplanting)
 
Date of fertilizer applied to first harvest and C.V.
 
Amount of fertilizer applied Period of harvesting and C.V.
 
Date of chemical sprayed Number of harvests and C.V.
 
Name and dosage of chemical sprayed Plants/m 2 harvested and C.V.
 
Insect and damage found Yield (kg/m,/day) and C.V.
 
Disease infection Vitamin A (pg/m /day)
 
Protein Content* Vitamin C (m/m2/day)
 
Vitamin A Content* Pro-ein (g/m /day)

Vitamin C Content* Iron (mg/m2/day)
 
Calcium Content* Calcium (mg/m /day)

Iron Content* Mean temperzture during growth
 

Total rainfall during growth 
Total solar radiation during growth 

*Analyzed by the Chemistry Department, AVRDC. 

Medium (smoked rice hulls) 

cover
 
l i
- i . s
 

""/?/ 1;1:.:::;21
.Ocr................. 'i ................. i 


basket 
25cm "-Air space 
[ -- _ Solution 

____" '-leve l 
"--Polystyrene 

34x 54 cm conainer 

Fig. 1. Section of noncirculating hydroponic growing unit. 

Results and Discussion 

Home and school gardens. Data on the characteristics of 43 varieties of 16 vegetables which 
might be used in garden designing had been collected (Tables 7 and 8). The coefficient of variation 
for each (haracter ofa variety and a crop was also calculated to estimate the possible variation among 
or within crops. With these information, the possible yield level can be estimated for a chosen group 
of vegetables in a certain garden size. These data were collected during the hot season only (from 
May to October), and no significant relationship between yields of a particular variety or crop and 
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climatic conditions was found. However, it is expected that the reverse may be true when more data 
are obtained on a yeat round basis. These yield data were also transferred to the production of nutrients 
of different vegetables, by calculating their nutrient contents (Tables 9 and 10). These data can be 
used for selecting vegetables or even varieties for a garden, with specific nutrient requirements. 

Urban home garden. The AVRDC hydroponic growing unit could save a lot of time for 
the daily cultivation in most of the leafy vegctables tested. The labor needed was only during sowing 
and harvesting. The nutrici., solution in the container was enough for the whole growth duration of 
most of the leafy vegetablcs tested; hence, no watering was needed. The growing units were covered 
by a screen net from sowing until harvesting; therefore, there was hardly any insect problem and 
no pesticide was applied. Several vegetables haid higher yields than those from garden plots (Fig. 
2), except lettuce which had a germination problem under the system. 

Table 7. Yield, growing and harvesting period of short growth duration vegetables In 
gardens, 1987. 

Crop 
Crp VreyNo.

Variety 
of 

pplantings 

Yield(gdy
(g/day.2 ) 

VCV 

(%) 

Growth 
period(days) M 

Harvest 
period(days) 

CV 

(%) 
HP/GP 

(%) 

Amaranth Softgreen 16 26.3 38.7 30.8 11.0 3.0 119 9.7 
Tigerspot 16 30.3 39.7 32.7 19.0 6.1 52 18.8 
Whitelien 4 17.0 33.5 36.3 7.0 3.3 77 8.7 

Mean* 24.5 22.7 33.3 12.3 4.1 83 12.4 

Chingchiang Ching-Hi 9 29.7 51.8 36.9 22.3 1.4 66 3.9 
Known You 10 28.3 41.6 38.1 28.0 2.2 136 5.7 

Mean 29.0 2.5 37.5 25.2 1.8 101 4.8 

Kale Goldenround 10 11.5 40.5 59.2 18.5 3.8 147 6.4 
Sie Su 7 16.0 38.8 56.1 16.2 4.6 130 7.3 
White Flower Point 2 9.7 28.6 73.0 21.9 11.5 91 13.2 
White Flower Round 4 5.5 38.7 55.3 20.4 1.0 0 1.9 

Mein 10.7 35.1 60.9 19.3 5.2 92 7.2 

Kangkong Largeleaf 3 97.1 47.1 40.3 29.2 8.3 13 15.5 
New Big Leaf 
Ping Tung 

7 
10 

54.3 
74.4 

24.6 
29.2 

38.4 
36.2 

27.4 
21.7 

10.4 
8.5 

106 
103 

21.5 
19.9 

White Cane H.K. 4 47.8 45.9 38.0 29.4 8.0 152 15.1 
Mean 66.4 28.2 38.2 26.9 8.8 93 18.0 

Lettuce Celtuce 
Grandrapid 

4 
10 

38.3 
29.1 

46.0 
65.4 

34.5 
38.2 

24.0 
32.0 

3.0 
1.0 

41 
0 

9.7 
2.9 

Kangtung 8 32.L 66.6 39.4 11.0 1.00 0 2.6 
Mean 33.2 11.6 37.4 22.3 1.7 14 5.1 

Mustard Chicken Heart 3 44.8 89.7 30.0 23.6 1.0 0 28.3 
Hsi Lou 11 42.4 41.7 46.1 16.0 6.5 89 13.0 
Gisilba 1 21.3 28.0 1.0 3.6 
Tendergreen 1 17.2 38.0 1.0 2.6 

Mean 31.4 35.5 2.4 11.9 

Paitsai Fengshan 8 25.4 47.9 36.9 23.1 3.3 124 7.6 
Golden 
Singapore 

3 
4 

29.3 
34.1 

45.2 
17.1 

'./.7 
35.5 

8.5 
12.7 

1.0 
2.8 

0 
110 

3.6 
7.7 

South Asia 5 15.8 30.3 ,;7.2 5.2 1.0 0 2.7 
Mean 26.1 25.8 34.3 12.4 2.0 59 5.4 

Rapegreen 40 Days Edible 4 30.6 17.5 31.3 14.6 2.0 61 6.0 
Knownyou Rape 9 21.9 71.3 31.4 14.7 1.1 28 3.6 

Mean 26.2 16.6 31.3 14.6 1.6 45 4.8 
*Mean = mean across varieties. 
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Table 8. Yield, growing and harvesting period of long growth duration vegetables in 
,gardens, 1987. 

Crop Variety No ofplantings 
Yield 

(g/daylm2 )  CV
M 

Growth 
period
(days) 

CV
%) 

Harvest 
period
(days) 

CV 
(%) 

HP/GP
(%) 

Cowpea Local 7 14.8 13.2 102 3.5 55 27.5 54.0 
Cucumber Joy 5 90.5 13.9 90 3.0 6 23.0 69.0 
Chinese leek Local 5 2.9 52.3 200 3.0 27 11.0 13.4 

(flower) 
Chinese leek Local 5 14.7 63.5 207 3.0 130 4.0 62.6 

(leaf) 
Eggplant Bride 6 56.9 24.5 129 17.0 83 20.0 64.3 

Earlybeauty 6 90.4 44.7 137 18.0 92 28.0 65.9 
Extralong 4 43.4 29.2 127 14.0 84 16.0 66.2 
Farmslong 3 26.3 14.9 111 4.0 61 23.0 55.0 
Mean* 54.3 43.3 126 13.3 80 21.8 62.9 

Malabar Green 1 34.4 147 112 76.2 
spinach Greenstem 1 41.4 141 114 80.9 

Greenstem 1 5b4 141 114 80.9 
(Big) 

Redstern 1 17.3 156 103 66.0 
Sakada 54.1 18.2 156 2.4 135 86.8 
White 4 32.4 53.3 110 28.0 83 38.0 71.0 
Mean 40.5 142 110 77.0 

Okra Ladyfing -ir 8 37.0 41.9 134 12.5 101 12.3 75.6 
Luckfive 4 53.4 80.2 135 19.7 97 24.6 71.6 
Mean 45.2 18.1 134 16.1 99 18.5 73.6 

Sweet potato Five Fingers 4 q.8 0.7 84 39.0 67 55.0 73.6 
(tips) 

Vegetable AGS 292 4 17.8 21.5 68 3S.S 1 1.5 
soybean 

*Mean = mean across varieties. 

Table 9. Nutrient contents of short growth duration vegetables in gardens, 1987. 

Crop Variety Vitamin 2 
(Iig/day/lm ) 

Vitamin C2(mg/day/m ) 
Protein 2

(g/day/m 
Iron Calcium 

-.........(mg/day/m )-....... 
Amaranth Softgreen 71.7 13.9 0.79 1.24 76.5 

Tigerspot 82.6 16.0 0.91 142 88.1 
Whitelien 46.3 9.0 0.51 0.80 49.4 
Mean* 66.9 13.0 0.74 1.15 71.3 

Chingchiang 	 Ching-Hi 118.2 25.5 0.74 1.01 61.8 
Known You 112.5 24.2 0.71 0.96 58.8 
Mean 115.4 24.8 0.73 0.99 60.3 

Kale 	 Goldenround 28.8 13.3 0.28 0.38 26.9 
Sie Su 40.1 18.4 0.38 0.53 37.3 
White Plower Point 24.4 11.2 0.23 0.32 22.7 
White Flower 
Round 13.8 6.4 0.13 0.18 12.9 
Mean 26.8 12.3 0.26 0.35 24.9 

Kangkong 	 Largeleaf 317.5 46.6 2.91 5.83 112.6 
New Big Leaf 177.5 26.1 1.63 3.26 63.0Pingtung 243.4 35.7 2.23 4.47 86.3 

White Cane H.K. 156.3 22.9 1.43 2.87 55.4 
Mean 223.7 32.8 2.05 4.11 79.3 
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Table 9. Continued. 

Crop Variety Vitamin Vitamin C2 Protein Iron CJcium
(tyg/day/m ) (mg/day/m ) (g/day/m2 ) ........ (mg/c3y/mn )-........ 

Lettuce Celtuce 171.3 9.2 2.620.65 35.3 
Grandrapid 130.0 7.0 0.49 1.98 26.5 
Kangtung 143.8 7.7 0.55 2.19 29.6 
Mean 148.4 8.0 2.260.56 30.4 

Mustard Chicken Heart 141.3 51.1 1.08 0.90 79.8 
Hsi Lou 133.5 48.3 1.02 0.85 75.4 
Gisilba 67.0 24.2 0.51 0.43 37.8 
Tendergreen 54.3 19.6 0.41 0.34 30.7 
Mean 99.0 35.8 0.76 0.63 55.9 

Paitsai Fengshan 45.1 18.8 0.46 1.22 37.5 
Golden 52.1 21.7 0.53 1.41 43.4 
Singapore 60.7 25.2 0.61 1.64 50.5 
South Asia 28.1 11.7 0.28 0.76 23.3 
Mean 46.5 19.3 0.47 1.26 38.7 

Rapegreen 40 Days Edible 126.4 14.7 0.64 1.77 44.1 
Knownyou Rape 90.4 10.5 0.46 1.27 31.5 
Mean 108.4 12.6 0.55 1.52 37.8
 

*Mean = mean across varieties
 

Table 10. Nutrient contents of long growth duration vegetables in gardens, 1987. 
Vitamin A2 Vitamin C Protein Iron CalciumCrop Variety (pg/day/m - (mg/day/ni) (g/day/m 2 ) ........ (mg/day/m2 ).......
 

Cowpea Local 
 0.3 0.2 3.37 0.96 16.3
Cucumber Joy 2.3 6.2 0.36 0.27 12.7
 
Chinese leek Local 5.8 
 1.1 0.07 0.06 0.7
 

(flower)

Chinese leek Local 63.5 5.1 0.44 0.32 12.8 

(leaf)
 
Eggplart Bride 47.3 
 6.7 0.80 0.40 3.2 

Earlybeauty 75.0 10.7 1.27 0.63 5.4
Extralong 36.0 5.1 0.61 0.30 2.6 
Farmslong 21.9 3.1 0.37 0.18 1.6 
Mean* 45.0 6.4 0.76 0.38 3.2


Malabar spinach Green 176.1 32.2 
 0.57 0.68 15.1 
Greenstern 247.0 45.3 0.80 0.96 21.2 
Greenstem (Big) 288.7 52.9 0.93 1.12 24.8 
Redstem 88.7 16.2 0.29 0.34 7.6 
Sakada 276.6 50.6 0.89 1.07 23.7 
White 165.7 30.3 0.53 0.64 14.2 
Mean 207.1 37.9 0.67 0.80 17.8

Okra Ladyfinger 4.3 2.9 0.57 0.76 39.9 
Luckfive 6.2 4.2 0.82 1.09 57.4 
Mean 5.3 3.6 0.70 0.93 48.6


Sweet potato Five Fingers 42.0 7.4 0.44 
 2.18 29.9 
Vegetable
 
soybean AGS 292 
 6.8 2.9 2.61 0.91 2.8 

*Mean = mean acros; Varietles 

Garden management techniques. One-half of iheschool garden area was plowed 30 cot 
deep, while the other hal f was plowed 15 c!i(feep. Vegclables grown in the deep-plowed plots perlornied
better, except lettuce which had snilar porl'Orlnance in both treatments (Fig. 3). The application of 
cotnpost not only increased the yield of vegetables, but also itlaintao-ed the productivity of the soils. 
Results of the conpost application trials showed that except for calciu;.i content both yield and nutrient 
content ot amaranth and kangkong increased with the application of ! kg/m 2 compost (Figs. 4 and 
5). Itappears that both deep plowing and compost application are good practices in garden management. 
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r- Extra yield gained in hydroponic system r"-I Extra yield gained from deep plowing 
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Fig. 2. 	 Yield of leafy vegetables grown in Fig. 3. Yield of vegetables grown in plots with 
gardens and noncirculating hydroponic and without deep plowing. Legend: 1 = 
systems. Legend: 1 = Paitsai; 2 = Amaranth; 2 = Chinese cabbage; 3 = 
Chinese cabbage; 3 = Mustard; 4 = Kale; 4 = Kangkong; 5 = Lettuce; 6 = 
Sweet potato tip; 5 = Malabar Mustard; 7 = Paitsal; 8 = Radish; 9 = 
spinach; 6 = Kangkong; 7 = Rape green; 10 = Spinach; 11 = 
Amaranth; 8 = lettuce. Vegetable soybean. 
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Fig. 4. 	Yield and nutrient contents of Amaranth Fig. 5. Yield and nutrient contents of Kangkong 
with and without compost application, with and without compost application. 

Effects of High Population Density on the Earliness 

and Uniformity of Mungbean 

Summary 

Early and uniform maturity are needec lor munghcan to easily lit into various cropping systems 
and to reduce the labor rcqttirenent for harvesting. Management techniques. i.e. high population 
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densities and harvest once-over. were tried in this study to achieve both objectives. Mungbean lines
VC 3738A 	and VC 2764A were sown in three spacings at a rate of 400,000 and 800,000 plants/ha,
respectively, during three seasons to compare 	their first harvest and total yields. It was concluded
that it is feasible to harvest AVRDC-improved mungbean lines once-over to reduce growth duration
and save on labor cost. However, a high population density ol miore than 460,000 plants/ha should 
be maintained. 

Introduction 

Early and uniform maturity are two of the primary objectives of the mungbean breeding program
in AVRDC. From the cropping system's point ol view, both characteristics are important because
early maturity will easily fit mungbean into various cropping systems and uniform maturity will reduce
the labor requirement for harvesting, which is one ol the major limiting flictors fbr mungbeai production.
Furthermore, it mungbean yield (luring the first harvest is high enough to be harvested once-over,then it is possible to be harvested by machines. In vegetable fruit crops like tomato, increased population
density enhanced fruil yields during the early-har esting period. This project, therefore, aimed tostud) the possibilitv of using nanagenent techniques. i.e. high population densities and harvest once
over, to achieve both earlV ard tinilorn maturity of muingbean. 

Materials 	and Viothods 

Uniflorn-maturing line VC 3738A a,,d high-yielding VC 2764A were sown on 16 February (spring
season), 3 June (summer season) and 20 August (autunmn season) 1987 at a rate of 4().0(X) and 8(X)()
plants/ha with a spacing of 50 x 10 cm (two plnts/hill). 50 x 5 cm (one plant/hill) and 50 x 5
ci (two plants/hill). An RCB design with three replications was used. The plot size was 4 x 6 m. 
Total seed vield and seed yield in the first harvest were compared. 

Results and Discussion 

Results showed that a relatively high Inunbhean yield of"1.5 to 2.0 t/ha was obtained at first harvest
in a much shorter growth duration than when it was harvested for a second time. The yield of VC
3738A was signi ficantly higher than VC 2764A in summer and autuinn planting seasons (Table 11). 

Table 11. 	The first harvest and total yields of mungbean under different population
densities (luring three seasons, 1987. 

Plant density Days to harvest Yield at Total 1st/total
Season Entry 1st harvest yield yield(no/ni) 1st 2nd (t/ha)z (t/ha)z 

Spring
 
VC 3738A 36.4 86 
 103 	 1.8 2.2 81.3 b
VC 3738A 55.3 86 103 2.1 2.3 88.8 a
VC 2764A 38.1 86 103 	 1.9 2.3 81.7 bVC 2764A 63.5 86 103 1.9 2.4 81.9 b 

Summer
 
VC 3738A 32.0 67 
 106 	 1.6 b 1.9 86.7 b
VC 3738A 56.1 67 	 106 1.7 a 1.9 92.6 a
VC 2764A 34.1 67 	 106 1.5 c 1.8 83.5 c
VC 2764A 57.8 67 106 1.5 C 1.7 87.4 b
 

Autumn
 
VC 3738A 36.9 
 68 95 1.7 a 2.1 a 84.1
VC 3738A 67.2 68 95 1.8 a 2.2 a 83.6
VC 2764A 37.3 68 95 1.5 b 1.8 b 86.4
VC 2764A 64.0 68 95 1.6 b 1.8 b 88.4 

zMeans with different letters are significantly different at 5% :,vel. 
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Increasing population density tended to increase the yield at first harvest for VC 3738A only (Figs.
6 and 7). Generally, the ratio of the lirst harvest to total yield was high in all treatments during all 
three seasons. It was significantly increased by the rise in population density in both entries during 
sunmer. This vwas mainly attributed to a lower yield in the second harvest. 

It appears that harvesting of mungbean once-over to reduce growth duration and save labor cost 
is feasible with the AVRDC improved lines. However, a population density of more than 400,000 
plants/ha should be maintained. 
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Fig. 6. 	Relationship of yield and population Fig. 7. Relationship of yield and population 
densities of mungbean VC 3738A. densities of mungbean VC 2764A. 

Sweet Potato/Soybean Intercropping 

Intercropping has long been an important practice in the tropics and subtropics because it can 
reduce failure depending on a single crop. Research work has also shown recently that it can give 
a higher combined yield than sole cropping becausC of the better use of growth resources, i.e. sunlight. 
moisture and soil nutrients (Willey 1979)1 . 

In tropical Asia. more than 601;(' of the cultivated land is rain fed. There is only one cropping
Season per year in most of these areas due to the uneven distribution of rainfall. It appears that 
intercropping may be the only viable multiple cropping scheme to increase crop productivity in these 
areas. 

Soybean, which is a legumi nous crop With the ability to fix nitrogen may excrete it during its 
growth and leave ;t larn' amiounl of residues as vell as i odules after harvesting. These can be beneficial 
to an associated nonlegumc (Wilson and Burton 1938)', particularly when the nontlegunie has a long
growing duration (Willey 1979). The production of swect potato during the wet-warmi summer often 
results in high shoot groth and low storage root yield. It was found that carly-maturing soybean
reduced cassava shoot growth, Nut not tuber yield in cassava/soybean intercropping tnder fertile soil 
with irrigation (T'say 1985)'. On the oth,-r hand. soybiea growth was not affected by tile associated 
cassa va, ani a seed yi eldio12 t/lha wa, obtained. If the sanie priniciple applies, it would appear that 
swecet polato/Isoybean inte rcrtpping Could he a potentiallv good comnbination to increase sweet potato
production as well its total productivily ill the him rid tropics. Furthormore. this combination should 
provide a better balanced nutrition with respect to prteiniliald carbohydratC. 

WIl",. 	R.A . 1)71).tntcrcrtuplir Itk IsoI rtlom.c rind iesdrtch necils. i l t. (Poapt1 ionnll;l id ad'anlagc. Feld Crop 
Ah,,t.
32.1-1(0. 
-\\illl . t'.W . and Btillion., i . 1938, -\'rctrn of nitrotcn h'\ lIegnr inorr. pIl nts. J. Agric. Sci. 28:3 17-323 

r ta.I.iS. 1985. Phiiogicl Studies f ( i'vs,i.a-So ean Intrcro ppung. Ph. t) iesis. Univ. ot Quccnsland. Australia. 
212 pp 
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Yield Responses of Intercropped Sweet Potato and Soybean
 
Cultivars with Different Spatial Arrangements and Planting Dates
 

Summary 

Intercropping has been shown to result in higher combined yield than sole cropping because of 
the better use of growth resources. It may be the only viable multiple-cropping scheme to increase 
crop productivity i.i 'iinf'ed areas. Sweet potato/soybean intercropping could be a good combination 
to increase total prOductivityi as well as better bala nced nlutrition. This study examined the el''e12ts 
of genottype, spatial arrangement and relative pkianting of sweet potato and soybean on the competition 
of these two crops inl inter1ropping to minimize this competition and to increase the intercrop 
productivity. It Was f+,ound that sweet potato TEN 67 and soybean AGS 66 were more suitable genotypes 
f r intercrppinug than other entries. l'wo rows of' soybeani per bed were a bctte r arrangenent than 
onc row f'or this particular combination. Soybeans seemed to dominate in this intercropping system 
in the summer planting season. 

Introduction 

Two componnt Crops usua Ily comIlpete with each other liir grow tlh resources. such as ligltht, nutrients 
and water in intercrpping. It is important to ii iiiiniiz this competition to increase the interc rop 
production by man ipuliati ng cultural practices, such as choice of genotypes, plant populations and spatial
arrangements, and relative planti ng tiine.This study investigated the effcts of' these I'actors ald their 
interactions on xields of' sweet pOtato and soybealll intiercroppiug. 

Materials and Methods 

There were 16 intercropping treatments (a 2' factorial experiiment with two rellicatioiis), 
inlluding two sorcian genotypes (broad leaflet and early-maturing AGS 66 and narrow leaflet and 
late-maturing AGS 129), two sweet p[tit genotypes (semierect type TN 66 and sprcadiig type TN 
67), two ,oycban spacings (50 x 10 cm with one plant/hill, and 101) x 10 cm with two plants/hillh 
and two :;ovbcau sown times (2ight days earlier and thle sallle dLy is sweet potato planting). Four 
sole treatiints. tmo s\weet potato aid two soybean ultivals. were repeated twice in each replication 
and phlted On tihe saie day . The spacing used for sweet potato was 100 x 25 cni. Yield of soveian. 
wnd yield md fresh weights of different parts of1'sweet potato at imnaturation were recorded. 

Results and Discussion 

So,'bhan yields vere dil'ri'ent betveen entries and hetmecni cropping systems. AGS 66 had a 
significantly higher yield thian A(1S 129 in both cropping systems (Table 12). This was mainly due 
to the severe lodging cuSed bv hCav\ rains during flo,\erin!1 aid piod filling stages of' the latter. Arming 
cropping systems. A(,;S 60 had 83 ; \icld as in sole cropping when iutercropped with sweet ptutto 
culti"ars, while AG.S 129 had 92 '",and 58V' \ ield when associated w\ith TIN 60 and TN 67, respectively. 

Sweet potato yields were relativclv Io\ in this sunleCr planting. aIl were significautlyi affected 
by cropping systems (lab): 12). Both entries of, sweel p0tato had a.lout 6(0',, yields a, iii sole cropping 
when intere2ropped ws.ith AGS 66, whereas the\, were only about 30': to 40"(' with AGS 129. 

The yield advailgC il intercropping indicated by land LqtIivaleit Ratio (I.ER). defined as the 
relktivc laud arcal required vbysole crops to pmduce the same \ield a, in intercropping (Niad and 
Willey 1980) + . showed that both sweet potato entries intercropped with soybean AGS 66 protdued 
a relative advantage olf 40(V' over sole Cropping. On the oth,'r hand. oil\ TN 66. but not TN 67, 
had an advantage of 23 '('vith AGS 129. Results oI' light interceptiOii also showed that intercropping 

4 Wid. R. and R.W. Willh. o.198 . 'lie Concept io i 'tld blitlim llenit Rl,' and ad illlagCN ill yieltk 1Im1 interclopping. 
t~p Apric. 10217229 
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had higher percentage of light intercepted during the early growth stage up to 45 days after planting 
(Figs. 8 and 9). Sweet potato intercropped with AGS 129 had significantly lower percentage of light 
intercepted when soybean was harvested, and the recovery was not as good as those intercropped 
with AGS 66. 

Intercropped soybean \as taller than il sole cropping, which showed tile competition for light 
between these two crops l'able 13). Most of the soybeal yield Comtlponents were reduced w\'hen 
intercropped with sweet poltto (Tlble 13). indicating that soybean growih \\as affected throughoul 
its M.hole growving period. 

Soyheans had hi eher Vie d when 2irow n in two rows than in one row per bed aIthough thei, 
popl;latiMI densilies wvere similar (l'ablc 14). 

'[he growktlh of s,,,.t potalo s,.as affected when inltcrcroppCd with soybean. except tile leaf growth 
of TN 67 during late sages (Table 15). The stem \a, the m1o1staffected part and the leaf waS tile 
least. Ihos eveCr, due to unuitable climatic conditions. i.e. heavy rains. during tie I:ite--mowimn stae, 
0f ,\ ect PlOdtt, the storage roots1 did not hai\C atchance 1t catch llup. The growlth curve of tle StOrage 
roots showed that TN 66 was an ea+rly-m atuiring culltiv'ar. aLld it apprCed unsuitable for itrlli'Cropling 
(Fig. 1(). TN 67 increased its storage root weight m1ainly during the lte-crowing stages. and it seened 
mnore suitable for mtercroppling than IN 60 (Fig. Il. Yield responses and other agronomic 
characteristics also slow\ed similar trends (bble 16). 

Within inteCrolpling ta'Ctllnllents.lie ', icld and growth of both ,\ et ptato entries were affected 
mlolrle h\ the associated st bean \( S 121 ) than hM .\(;S 60 (Figs. 9 and It)and Table 16). and tended 

Table 12. Yield and land equivalent ratio (LER) of sweet potato and soybean under 
intercropping. 

AGS 66 (t/lha) 	 AGS 129 (t/ha) .Sweet potato/Soybean 
Sweet potato Soybean Sweet potato Soybean 

TN 66 	 Sole cropping 16.5 3.1 16.5 1.2
 
intercropping 9,2 2.6 5.2 1.1
 
I/S 0.6 0.8 0.3 0.9
 
LER 1.4 1.2
 

TN 67 	 Sole cropping 16.1 3.1 16.1 1.2 
Intercropping 9.3 2.6 6.8 0.7 
I/S 0.6 0.8 0.4 0.6 
LER 1.4 1.0 

. 100 --- - - - - - - -	 0o 

"5r, 060L 
S I , ' 

/ ~ 40 

•l-.--o Swee' pototo sole cropping 
. i/ 	 / -- SP/AGS 129 

20 i. / -..-, 5 eet ptaOr; Srol Crupifl 2soppin
I /' o---.S".P/AGS 66
 

. . .. ....	 ... .
0.. . . . . __.._..... 
. !20 50 Q0 60 9 120 150 
Days oft- ,+ fjPa punting Days offer tweel

+ p;ot. p!oantng 

Fig. 8. Light interception of sole soybean, AGS Fig. 9. Light interception of sole soybean, AGS 
66, sole sweet potato, and sweet potato/ 129, sole sweet potato and sweet 
AGS 66 intercropping. potato/AGS 129 intercropping. 
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18 	 18
 

0-0 TN 67 sole cropping0-- TN 66 sole cropping 

15 ---- * TN 66 /AGS 66 15 0---* TN 67/AGS 66
 

1-.-- TN 66/AGS 129 0--1 TN 67/AGS 129
 

1l2 	 12 

66. 

/
0 

0 

0 30 60 90 120 150 180 0 30 60 90 120 150 180 
Days after sweet potato planting Days after sweet potato planting 

Fig. 10. 	Yields of storage roots of sweet potato, Fig. 11. Yields of storage roots of sweet potato,
TN 66, Insole cropping and intercropped TN 67 in sole cropping and Intercropped
with soybean, AGS 66 and AGS 129. with soybean, AGS 66 and AGS 129. 

Table 13. Agronomic characters of soybean in sole cropping and intercropping with sweet 
potato.z 

Variety Cropping Plant lit. at Node Plant Pod Seed 100-seed 
flowering (cm) no./plant no./m 2 no./plant no./pot wt. (g) 

AGS 66 	 Sole cipping 46.8 b 13.0 21.4 a 72.5 a 1.86 a 11.0
 
Intercropping 50.7 a 12.8 20.2 b 59.3 b 1.63 b 11.0
 
I/S (%) 108.3 98.5 94.4 81.8 87.60 100.0
 

AGS 129 	 Sole cropping 47.0 27.0 a 21.1 a 34.8 0.89 14.3 a 
Intercropping 49.0 24.6 b 19.7 b 28.4 0.83 11.4 b 
I/S (%) 104.3 91.1 93.4 81.6 93.30 79.7 

zMeans with different letters ,re significantly different at 5% level. 

Table 14. Effect of number of rows per bed on yield and agronomic characters of soybean 
intercropped with sweet potato.z 

No. of 	 Yield Plant it. at Node Plant Pod Seed 100-SecdVariety rows (t/ia) flowerin tio./plant no./m 2 no./plant no./pod wt. (g) 

AGS 66 1 2.35 b 51.0 12.7 22.0 58.3 1.60 10.9 
2 	 2.91 a 50.4 12.9 22.9 60.3 1.66 11.1 

AGS 129 1 0.76 50.2 23.8 b 20.3 27.0 0.79 10.6 
2 	 1.03 47.8 25.4 a 21.1 29.9 0.86 12.2 

ZMeans with different letters are significantly different at 5% level. 

Table 15. Agronomic characters of sweet potato in sole cropping and intercropping with 
soybean.
 

Variety Cropping Leaf wt. Stern wt. Total wt. No. of storage
 
(t/ha) (t/ha) (t/ha) root (1/m )
 

TN 66 Sole cropping 5.5 15.6 37.6 34.2
 
Intercropping 4.8 6.9 18.9 23.5
 
I/S (%) 87.3 44.2 50.3 68.7
 

TN 67 Sole cropping 5.1 16.2 37.4 44.3
 
Intercropping 6.1 7.3 21.5 23.6
 
I/S (%) 119.6 45.1 57.5 53.3
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to have larger reductions in the two-row arrangement than by one row of soybean per bed (Table
17), but not by the relative planting time of soybean.

It is concluded that sweet potato TN 67 and soybean AGS 66 were more suitable genotypes for
intercropping than other entries. Two rows of soybean per bed was a better arrangement than one 
row lbr this particular combination. Itseemed that soybean was dominant in this intercropping system
during the summer planting season, hence, the earlier planting of soybean than the associated sweet 
potato did not have a signilicant effect on the sweet potato growth. 

Table 16. 	Effect of associated soybean varieties under intercropping on yield and 
agronomic characters of sweet potato.z 

Variety of YieldVariety associated soybean Leaf wt. Stem wt. Total wt. No. of storage(t/ha) 	 (t/ha) (t/ha) (t/ha) roots/m2 
TN 66 AGS 66 9.2 a 5.1 8.6 a 22.9 a 29.5 a
TN 66 AGS 129 5.2 b 4.4 5.1 b 14.7 b 17.5 b 
TN 67 AGS 66 9.3 a 5.5 7.7 22.5 27.7 a 
TN 67 AGS 129 6.8 b 6.6 6.8 20.2 19.4 b

'Means with different letters are significantly different at 5% level. 

Table 17. Effect of number of rows per bed of associated soybean under intercropping 
on yield and agronomic characters of sweet potato.z 

Number of Yield Leaf wt. Stern wt. Total wt. No. of storageVariety soybean rows (t/lha) (t/tia) (t/ha) (t/ha) roots/m 2 

TN 66 1 7.6 4.9 7.6 20.1 25.2TN 66 2 6.8 4.6 6.0 17.4 21.8
 
TN 67 1 8.8 
 6.5 	 8.8 a 24.1 24.9TN 67 2 7.4 5.6 5.7 b 18.7 22.2
 

/Means with different letters are significantly different at 
5%O,level. 

Effects of Previous Crops and 'SH' Mixture 

on Growth and Yield of Chinese Cabbage 

Summary 

This study examined tihe cffccts of ritating Chinese cabbage with rice and application of an 'SH"
soil improvement mixture tO alleviate continuous cropping hazards. Chinese cabbage Hybrid 62 was 
grown after rice and after other vegetables with and without 'SH"treatment, and their yields were
compared. Results iiplied that rotatioln with paddy rice can be an effectie method to Mitigate continuous 
cropping hazards catscd b intensive vegetable production. 'S-!' call reduce some of the hazards but 
was not as effective as rotation with rice on soil with high pH values. 

Introduction 

One of the main production constraints in intensive vegctahle production systems is the presence
(itcontinuous cropping hazards, i.e. accumulation of pest population. destruction of the physical
structure of'the soil, decreasing soil fertility, and hence, reducing soil productivity. Farmers in Taiwan 
hlse been rotating a crop o' paddy rice after sonic crops of vegetables to initigate these problems.
Suit and Htlang (I9X6) repored that a soil improving mixturc 'SH'can improve soil properties and 

"Suii S.K Iium I', ICId (. 	 . l delIpini illid application ilixltire. Shlng Nung ;irlnt of 'SIt soil improving 
\tl;t/inc. 217.68-72. 
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reduce soilborne diseases. Hence, this experiment aimed to study the effects of previous crops, i.e. 
paddy rice and other vegetables. alid "SH'mixture on tile vield of Chinese cahhage. growth and 

Materials and Methods 

Chinese cabbage Hybrid 62 was sown on 10 Jueic and transplanted onl 7 July 1987 oina piece 
of land, which WIts continuously grown with vegetables for five ears, after paddy rice and other 
vegetables. There were two treatments in each cropping pattern, i.e. 1.0 t/ha "SH mixture' and tile 
control. A complcte randomized design was used with three replicatiols. The plot size was 3 x 5 
In and the spacing was 75 x 40 cin. 

A basal fertilizer of 1( t compost. 60 kg N. 80 kg P ()5 and 40 kg K,0/ha., and two sidedressings 
of' 40 kg Niha each were applied. 

ClhineSe Uabbage was harvcstcd on II August 1987. and the gross weight, head vield, numLber 
Of heads harv'eVstcd. iLd rate of inriernal rot in hcails \were recorded. Ileading efIlcieIc' was then 
calculated byvthe ratio of head weight over nonwkrapped eatf weight. Soil samples \were taken hefore 
aid alter the trial 1or estiniattiel of their oranic matter contents, 1 arid K. and their pi valtie. 

Results and Discussion 

There was no interaction of treatenil (f, the 'SI-I nixttrC and pre'iots crop on atl of' the 
investigatcd charactcrs.Watcr content of' Chinese cabbage was not affected by eider treatntent, and 
was abot 94 +'. The IC, total nitrtl,,IIand aVailable and K in soil belore. IIrinIe arid aftetr Chinese 
cabbage's growth did riot respond ..agrt;:caltlv to treattluents. 

Between t\o p'\lolls trop treattitNetts, tie Chinese cabbage precetldl 1 padldy rice did not otily 
have a siunificantl.k lighcr gross weight, but also higher headile efliciencv and. hetice. higher hIeal 
yield than those after tither vegctables (Fable 18). These results seetIed to0 agree with those foItd 
last ycar that Chinese cabhaemge had a hit headirt eff-Iciettc\ adt yield alAter paddy rice than aIfter 
t01liI1O. SUgivlttia [flggestet structure water of and phati()1908)" that physical aid content soil,
lItuml)t nti cading Cf'cit cv flChinese cahhage. Hence, the grorig of paddy riceinght a 'fet thei 

night have itupriCvd solute of Ihese factors: howvever, it warrants further Studies. Since no plant was 
lost and the same fl" all plots \waS thcrefoirenumber heads ill haIvested. the effect of treatrietts oil 
average head weiht kkkas ais head yield ('lable 18). A drastic difference in the rate ofthmesa on 
inItertial rot was'Ouid betceen these t\mo treatments ('Table 18). All heads samnpled froth plots prcViOusly 
erowing other veectables showed the s'tiptoll of1itterial rot. although it was not severe. No sampled 
head .gri\tafter plaldy rick. showed Itlis It \\as reported thai be relatedSkitllptotll. this disorder 1iui2t1t 
to calcitIII deficiency' (Kuo et at. I)1) calcium availability was reduced whell soil p1] wiis lower 
than 7.0 (Hanna aidl'HuItchCsotI 1968)s. this sLudv. plOts pre\tiOUsly grown withIll tile patldv rice 
had higeher plH kaluies thatn those pt eceded b vegetahles (Fig. 12). Although these pHIvtlucs decreased 
al'tcrthe growing of' Chinese cabbage. and had atsmaller differetnce between O prtViOt)S crop 
treatments. the differetnces miiht havC beeCi attributed to the Occurrence of internal rot in Chinese 
cahbaee. 

Table 18. Effects of previous crops on yield and other horticultural characters of Chinese 
cabbage!
 

Previous Gross wt. Yield Head wt. Heading Internal rot 
crop (t/ha) (t/ha) (kg/head) efficiency (%) 

Rice 34,3 a 19.2 a 0.74 a 1.27 a 0 a 
Vegetables 30.9 b 16.0 b 0.60 b 1.08 b 100 b 

'Means with differew letters aru significantly different at 5'', level. 

('SuIgi\p l kl.ItI. hiS. Nuin.Ia phuld :)'iI,0l t1_'Chn , t t',! c' ,. 405 p. S.ihllul . 'okkt, JIpal.li oI 
Kti. ('.G _.J.S%.1 ,xt and U" I I,,ii1')Sl. h'plum o l ('111n_",c c'all~',hag o ,.alc'ill alldt(Imlihilltioll.In rllallonll nlllinoll 

S"cictilia Ifortic. 14. 1 ,18 

8
5taliin,i. \W'J. ad "I t t]Ih ch',un. t' .. iilH i Rvlathmi hip ./nt..t Ne son, edt('hinginIg tattcrns illFet'rtilit. I lse.Soit 

SCI. Socr. il AIi. 111C M lltISii. W lC'iN1il. It.S A . 
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The 'SH' treatment increased gross weight and head yield, but not the heading efficiency of Chinese 
cabbage, and it did not reduce the rate of internal rot (Table 19). Sun and Huang (1986) pointed out 
that 'SH' worked more effectively tinder lower pH condition. The pH value (about 6.5) of soil previously 
grown with other vegetables was relatively high and was not increased by "SF'. 

These results imply that rotation with paddy rice is a good cropping system for intensive vegetable 
product ioni in terms Oo Maintaining soil productivity. It appears that rotation with aqunatic crops could 
ha%e sinmilar effects. but warrants further research. Although "SH' could partially improve tile hazards 
due to continuous vegetable cultivation, it (lid not have similar effects as rice rotation on soil with 
high pH values. 

7 4 4 - --- ___. ---
-
Rice -- h 

0--- Rice -Ck 

72 *."., 1--- Vegetables- Sh 

"3- -a Vegetables - Ck 

[. N 

68 

66 
Fig. 12. 

T -Changes In soil pH before, during and 'after 
(4' . Chinese cabbage growing under different 

Before growing P'urnq growng After growing treatments. 

Table 19. Effects of 'SH' on yield and other horticultural characters of Chinese cabbage.z 
Treatment Gross wt. Yield Head wt. Heading 

(t/ha) (t/ha) (t/ha) efficietcy 
SH 34.3 a 18.6 a 0.72 a 1.18 
Control 30.9 b 16.6 b 0.64 b 1.17 

Means with (different letters are sigtrificantly different at 5' level. 

Onion as a New AVRDC Crop - Feasibility Review 

Background Information 

In [he precstabl 'liitent stage ot'lic AVRi)C in 1968, Onion was considered atnong the 26 vegetables 
umder ('ategory II -- go d shipping and keeping qitalityv g roup. When AVRI)C launched its research 
prograt in 1972. it was technicalh' feasible for tile Center to work ott nIly 12 v( .g"etables, and onion 
was Ote Of them. I-owever. in late 1972. when tile nunber ol crops secited exccssive, onion was 
oie crop that was dropped. When AVRI)C evalualed Crops fbr secondary vegetables in 1982. it was 
cot idcred unlder ltriktity Ill. The \VRI)C staff conducted a library study in 1983-84 and Ithey found 
tha ,tnion was the Most pispula \cCtablC itt de\'ehtpitng countries based ont hectarage of productior 
(l. cst at 77 1 (()0 ha followed by pepper at 4 11 .0)) ha). 

In 1986. AVRI)C selected pepper as the new principal crop and durilm tte selection process Onion 
ranked nutber 5. In addition Io pepper lit suppletct Chlinese cabbage and tthgbean.lhree vegetables 
\%crc rectgnized hv AVRI)(" s putcntial candidales tor research, and onion was one of these. In 
Ite o\crall e aliomn, tile sietiificarlt factors , itich hilndered selection of onion as a liew AVRDC 
.rop were: I ) crtpaati. ioi.Ah capital ilvestlnet necessary fr storagt, a;d seed production, and 
2) rclatily long tittte tcodl.d to sisc a problenm Of to develop art iiprosc. cultivar. However, it 
reot Cssrc itl li%%fltec. onftion ,i.til have been tte of AVRI)C's principal crops long ago. 
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Detailed Analysis on Onion (Allium cepa) as an AVRDC Crop 

Positive aspects. Onion is an important and widely known vegetable worldwide and is 
commonly cultivated in more than I(X) countries. It ralks second to tonato in annual world production.
However, the cultivated area devoted to it and its total production in the Asian and Pacific region 
are higher than those of tomato according to the 1985 FAO report (lable 20). Nutritionally, on ion 
is relatively high in calcium (Ca) and iron (Fe) (Table 21). Onion is consuLed either as fresh or in 
dehydrated foni. It is very popular in Asia because in 12 out of 19 Asian countries, the total annual 
con sunill)t iol is more than that of to mato (Table 22). )ehydrated bulb onion powders which reduce 
Iransport cost anid sioraCe losses are in reat demInd in developed countries. Onion is one ofl the 
few vegetables that can be stored hIOr iflong pCriod and safely withstand the hazards oft rough handling
including long distance transport. Therelore, it is an important "orld trade crop which can increase 
ftariers" income ia the Asian region. 

Sufficient quantities (botl Asiatic and global)of onion genetic resources which could be readily
utilized in crop improwe ientirc available frtom iany sources., such as the National Seed Storagce
Iaboratory (ForlCollins, Colorado. USA). the National Vegetable Research Station (UK), tie Ilstitlute 
for Horticultural Plant Breeding (Netherlands) and the National Institute of Agricultural Sciences 
(Japan). There is a great need fi~r varietal improvement in oniotn, especially because the national 
programs are mainly dependent on introduced culhivars which are not fully adaptable in the Asian
tropics "rconflercial cultivation. Furthermore, there are few breeding p)'ai1s currenTly underw,'aV 
t) iilrt ve shallot tliion)which is also vCry pi)Opulir in liny Asian colntries. Illthe last t\o decades. 
tropically-adapted onlion cultikars with a yield polential of 35 I/ha. which was highesl in the tropics, 
were developed in Taiwan. This ilhtned l'aix\an '0m ai iIporter to allexporler stus. Therefire,
AVRI)C has a coilparative advantage over niany other tropical cOttinlries from11 anwhich to launch 1 
onioln iniprtveiliienl prograi. Based on l'aiwan'S successfull experience in onion imlproveinent, onion 
could be considered as a stitiable candidale kr AVRDC's mandate crop if financial resources and 
ialnpower are given appropriate priority. 

Negative aspects. Onion, a biennial bulb crop, is rather new to many AVRD)C researchers,
and this may iniliall\ delay the reseaici progress tf lie breeding prograin. Oion breeding may be 
relativel sl(o\since olne idvallce geleration needs twto vears to coiip lete. comllpa'red to only six montlhs 
fo0r otil,AVRl)C crops. Specific Clilinaltic necessaryrequiremients (long days, cooler lemperalture) 

Table 20. Tomato and onion production statistics in the Asian and Pacific developing 
countries. 

Country -

Production in 1985 ('000 t) 
Tomato Onion 

Area harvested in 1985 ('000 ha) 
Tomato Oni'an 

Bangladesh 75 136 10 33 
Burma 
China 
DPR, Korea 
Fiji 
India 

-
5,260 

56 
3 

802 

181 
3,240 

37 
1 

2,855 

-
333 

4 
-

82 

23 
231 

3 
-

269 
Indonesia 115 210 23 49 
Laos 
Malaysia 

15 
25 

39 
-

3 
5 

22 
-

Pakistan 
Philippines 
Rep. of Korea 

-
130 

34 

500 
40 

362 

-
14 
1 

47 
6 

11 
Sri Lanka 
Thailand 

28 
33 

97 
153 

5 
7 

10 
19 

Vietnam - 152 - 47 
Total 
World total 

6,577 
60,825 

8,003 
24,517 

487 
2,588 

770 
1,693 



Table 21. Nutrient content of onion bulb (amount/QO0 g).
Carbohy. Vitamin Acri 

Name Water
(N) 

Energy
(Cal) 

Protein
(g) 

Fat 
(g) 

drate 
(g) 

Ca 
(mg) 

P 
(mg) 

Fe 
(mg) 

Na 
(mg) 

K 
(mg) 

A 
(g~re) 

Thiamine 
(mg) 

Riboflavin 
(mg) 

Niacin 
(mg) 

Ascorbic 
(mg) 

Onion 89 38 1.5 0.2 8.7 30 44 1.0 10 157 tr 0.03 0.04 0.2 10 

Table 22. Vegetable consumption (kg) per person in Asia.z 
'ireenOhe 

Country Cabbage Lettuce Spinach Tomato Cauli-flower Pumpkin/Squash Cucum-ber Egg-plant Gh- Green
onion 

Dry
onion Garlic 

Green 
bean 

String
bean Ca-rot 

Other 
fresh Total 

Bangladesh 
Brunei 
Burma 
China 
Hong Kong 
India 
Indonesia 
Japan 
D.R. Korea 
R.O. Korea 
Macau 
ivalaysia 

Mongolia 
Nepal 
Pa,,stan 
Philippines 
Singapore 
Sri Lanka 
Thailand 

0.5 
3.4 
-

4.9 
15.4 
0.6 
1.9 

27.9 
15.3 
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for builb development and seed production may restrict ihe wide adaptability of onion. A very large 
capital investment is necessary for storing large anounts of breeding materials in cold and ambient 
conditions and for construction of isolation cages and net houses needed in crossing and seed production. 
Crossing and seed lmduction depend on insects, especially honeybees and flies. Due to the di flfcultV 
of onion seed production, national programs nay totally depend on AVRDC for continuous supply 
of seeds, which would impose a severe burden on the Center's budget. Because onion seeds have 
a relatively short shelf' life compared to nany other seeds, additional seed storage facilities night 
be needed. Onion is also a favorable candidate for production by the private seed conipanics, and the 
impact of AVRDC's crop improvement may be ovcrshadowcd by the profit-oriented private seed 
colilpa;.ics. 

Constraints in Tropical Onion Production 

Cultivation: (1) Abiotic factors. Climatic restriction is imposed on bulb initiation and 
development. For vegetative growth, lower temperature (I 3-20'C) and short photoperiod are required 
while relatively higher temperature (16-25°C) and long photoper, ( > 12 h) are needed for bulb 
development. Onion is a shallow-rooted crop: therefore, careful water and nutrient management is 
necessary for good produclivity. 

(2) Biotic, factors. The folh\%oing diseases and pests cause severe yield loss in the tropics: purple 
blotch (Altern'aria spp.). basal rot (tSwritUM sp,3.), slnut (UIr'0stis spY.), and bacterial sol't rot (Erivini 
spp. ). aind Yellow dwarf vi ruts, diseaes: and thrips (7hrips tabaci). onion iaggot (Hth'niya anftigua). 
and Heiothis armigera,. pests. 

Postharvest problems: Sprouting and rotting. In the tropical and subtropical countries, 
the crop is harvested in earl.,, sununer and stored for four to six months in ambient conditions of iigh 
temperature and high humidity due to monsoon rains. During this period, the bulbs sprout very easily, 
and rots deveion readily due to diseases such as bulb mold (Aspergillum sp.) and Penicilliunm rot. 
Sprout inhibiting chemical ire used in Western countries and such may be useful il tropical storage, 
but would ccrtainly need careful study. 

Seed production constraints. In many co:ntries, major dilficultiCs exist in producing 
economically viable domestic seeds under tropical condition. Imported seed isexpensive. Thus. doiestic 
seed production is important. 

Vertalization of onion bulbs is required for Ilower induction in onion seed production. High 
temperature throighout the year and short daylength during the grovitg season litit the area suitable 
for seed produc;ion. Artificial vernalization ( < i0C) is required to induce flowering in the tropics. 
Tetuperalure, ranging from 7.5' to 14C with aii optiiiiutm of about 12'C is the best for storage of 
mother bull-, which are to be planted for seed production. Poor storage quality of bulbs and seed 
deterioration due to hi ghiIihtutn idity prior to harvest have constrained seed poductiot. 

Constraints in cultivar improvement. Onion Ilowers are prttandroIus in nature atnd, 
therefore, the plant is predtlitinantly i cross-pollinated One. Selfing beyond two generations results 
in inbreeding depression and low yield. Synchrontious flowering aliong cultivars, efficient bee 
tianagenient. and isolation cages are essential in successful seed production. 

Onion hybrids produce higher iield, tile openunifOrnity in appearance. size and Maturity thliani 
pollinated cultivars: thus. they are more suitable for the tropics. However, unavailability of locally 
adaptable tnale-sterilc lines is a severe restriction iti hybrid breeding in the Asian tropics. Onion seeds 
are vulnerable to high tetiiperature and high humnidity in the tropics and lose viability within a year. 
Thus, a fresh supply of' good quality seeds is ntecessary ill the tropics. 

In tile case of, shallot, vegetative propagation is a cotlinlion practice because aii open-pollinated 
crop isnot unirnm maturing and is usually low yielding. The potential hazards of tratismititing yellow 
dwarf virus via vegetative propagules will inipose restriction on international transfer of superior bulbs. 
Breeding efforts should be focused oti improvement of the seed-propagated shallot crop. 
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Possible Research Thrusts for Onion at AVRDC 

Varietal improvement. AVRDC research tlrusts fbr varietal improvenent of onion include 
the fbllowing: developnient of both open-pollinated and hybrid short-day group varieties that are
adaptable and can produce bulbs in the tropical environment; resistance to diseases such as purple
blotch (Alternaria spp. ). basal rot (Fulariuurspp.), smut (Uroc"'sIis spp.): good storability and shipping
quality undcr hot and IIurn id environ ment: and suitability for fresh market (sweet and inildNly pungent).
for processing and export (Iiighly pungent and high solids).

AVRDC needs to develop an improved, seed-propagated shallot onion which should be high 
yielding. Unil'6aru in rraturity-. shape arnd size. 

Overcome the seed production constraints in the tropics. AVRI)C should also develop
netlhods to iniprove onion seed pro ducti~ i il tile tropics by nanipulating hotli genetic and nanagement
factors during tile storage period ard ill vernalization treatiient to induce sy nchront)us flowering ariong
cultivars, efficient insect pollinator managenent arid tie utilization of cytoplasinic male sterility or 
garnetocidcs in lybrid seed production. 

Crop management. In the soutliern, tropical part oflTaiwan, the locally developed cultivars 
produce a yield at 35 t/lia compared to only 10 t/ha in other tropical countries. By investigating the 
factors responsibleIbr lie low vield and transfrring the Taiwan technology to those cotuntries, a ieanus 
tf increasing their yield level could be achieved. 

Cultural practices to iriprove tie yield potential of tropically adapted cultivars and post harvest 
rianagenent to enh ance tlie storage potential af butlbs ini tlie tropics are also essential. Sprout ini bition 
Iirough application of"growIi regulatirig clie icals and appropriate storage conditions should also 
lie investigatCd. 

Germplasm activities. Gerrnplasin activities should include collection. multiplication.
conservation, cha 'acterizat ion and utilization oif tropically adapted onion gerniplasi. 



Cross-Commodities Physiology 

Estimation of Heat Tolerance in Vegetables 
by Conductivity Tests 

Summary 

Different vegetable species were examined for heat tolerance by measuring electrolyte leakage
of leaf tissue with a conductivity meter. Twenty vegetables were assessed for the optimum incubation 
temperature for leaf tissue heat injury (HI). Incubation at 50'C of 59 vegetables grown under three
distinct seasons in the year showed that species of Monocotyledoneac and Convolvulaceae were heat
tolerant, and Cruciferae and Umbelliferae were heat-sensitive. 

A regression analysis of stability showed that low leaf tissue His tended to be less influenced
by environmental factors (high temperature) under different growing seasons; the hardening process
probably was not required in heat-tolerant vegetables. High leaf tissue His, on the other hand, tended 
to be less stable under different growing seasons; the hardening process might take place among some 
of these vegetables to ameliorate stress effects under high temperature conditions. 

Introduction 

Information on physiological traits of heat tolerance among vegetables may be useful for horticulture 
and cropping systems research. However, it is generally difficult to adequately define heat tolerance
in vegetables because of differences in species, responses, thermal adaptation (hardening), duration 
of exposure, growth stage, etc. Based on controlled heating of excised leaf tissue at 50'C, comparisons
of heat tolerance in terms of degree of the cell membrane damage among vegetables have already
been initiated with a limited number of vegetables in different seasons. For the evaluation of heat 
tolerance 50'C was arbitrarily selected; it, however, likely surpasses the optimum growing temperature.
Wnce, this study aimed to: 1) reexamine the optimum temperature for leaf tissue heat injury (HI),
2) iurther evaluate relative heat tolerance in terms of leaf tissue HI at 50'C for 59 vegetables grown
in the same season, and 3) assess the stability of HI values in three distinct growing seasons. 

Materials and Methods 

Fully expanded leaves of 20 vegetable i;pecies were sampled from the field on 16 November 1987. 
Mean maximum/mininmum temperatures during the 10-day period before sampling were 27.8°/ 19.2*C.
The leaves of' each species were separated into five groups, each with four replicates. Twenty leaf
disks of 10-mm diameter were punched out from each group. Leaf tissues were placed in a test tube
(2 X 15 cm) and 10 ml of deionized water was added. They were incubated in a thermostated, reciprocal
shaker at a frequency of 40 cycles/in at 25', 300, 350 , 400 and 50'C for an hour. After incubation,
the test tubes were cooled to room temperature and measured for electrolyte conductivities with a 
YSI Model 32 Conductance Meter. After initial readings, these test tubes were then boiled for 30
minutes, cooled to room temperature, and again measured for electrolyte conduct ivities. The heat 
injury (%) of the leaf tissue was measured by the following equation: 

Heat injury (%) = {l-[I-(I'n/TIoo)]/[I-(C25/CI)]I} X 100% 
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where: T = initial conductivity at 300, 350, 400 or 50'C; 

Tio = final conductivity of T, group after boiling at 100°C; 

C = 	 initial conductivity at 25'C, i.e. control group; 

and 

Clq= final conductivity of C25 after boiling at 100°C. 

Fifty-nine vegetable species and varieties were planted in the experimental farm in different weeks 
of March, June and October 1987, to be harvested at about the same time, usually at the midstage 
of producing the economic part, for sampling and measuring of leaf tissue HI at 50'C for all vegetables. 
Three measurements, each with tour replicates for March and June plantings, and one measurement 
for the October planting were made. An analysis of stability using the method proposed by Eberhart 
and Russell (1966) was conducted for HI values of vegetables which had been totally measured seven 
times in three seasons. 

Results and Discussion 

Differential responses of field-grown vegetables on leaf tissue HI after exposing to four incubation 
temperatures were noticeable (Fig. I), albeit these vegetables were grown under cool-season conditions, 
and thus, probably not in hardened conditions. Although the greater degree of heat injury occurred 
at 400 to 50'C, the relative heat injuries of various vegetables were similar at 350, 400 and 50'C. 
Less than 15% of the leaf tissue HI occurred at 30'C; therefore, it would be difficult to assess the 
degree of HI at or below this temperature. 
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Fig. 1.	Heat Injury of leaf tissue of 20 vegetables obtained by measuring the conductivity 
of electrolyte leakage after Incubation at different temperatures. 
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Sweet potato, kangkong and lemon grass previously showed low leaf tissue His at 50'C. The 
present experiment confirned this finding. However, amarantl', garlic and sweet corn, which were 
previously characterized as moderitely heat-tolerant, also had comparable His (less than 50%) as the 
heat-tolerant sweet potato and kangkong. It is possible that t1--20 vegetables investigated in this 
experiment had not been subjected to heat because of the prevailing low temperatures during field
growing conditions; thus, the leaf tissues were not probably damaged before the test. 

Among the rest of the vegetables which had more than 70'7( leaf tissue HI at 50'C, soybean,
spinach, peppers, celery and radish had less than 15% leaf tissue HI at 40'C; thus, they may be 
considered as moderately heat-tolerant. 

Based on the relative HI of leaf tissue at 35'C. both cucumber and tomato appeared to be most 
sensitive to high temperature. Since these two vegetables were able to grow under high temperature
conditions, heat injury of leaf tissue may not completely block the development of reproductive organs 
under field-growing conditions. 

The present observations indicate that the differentiai His of levf' tissues were exhibited at 300 
to 40'C. However, the best diferential responses among different vegetables were still better 
expresscd at 50'C: thus, this incubation temperature is recommend&l lor the assessment of leaf tissue HI. 

Assessment of leaf' tissue HI at 50'C fo'r 59 vegetables grown in three distinct seasons revealed 
that there was a wide range of leaf tissue HIL 7.2 to 96.9, 7.9 to 97.4. and 7.0 to 98. I for March,
June and October plantings. respectively (Table I). Among all vegetables the leaf tissue His of 
Granmineae (lemon grass, sweet corn), Araceac (taro), Liliaceae (asparagus, day lily). Zingiberaceae 
(ginger), Amaryllidaccae (garlic. shallot, bunching onion, Chinese chive) and [)ioscoreaceae (yam) 
of' Monocotyledoneac were less than hint of Dicotyledoneac. 
Table 1. Heat injury (%) of leaf tissue as measured by the conductivity of electrolyte 

leakage for 59 vegetables grown in three distinct growing seasons in 1987. 
Vegetable April July November 

Pumpkin 69.1 I-o7 58.9 m-o 73.4 b-h 
Luffa 
Hyacinth bean 
Calabash gourd 

78.9 h-j 
8'.1 c-g 
70.0 I-n 

67.8 k-m 
80.6 e-i 
62.8 I-n 

78.5 a-h 
88.6 a-e 
70.7 c-i 

Wax gourd 
Yam 
Asparagus 
Bitter gourd
Yardlong bean 
Snap bean 
Cucumber 
Lima bean 
Tomato 
Eggplant 
Malabar spinach 
Cassava 
Lemon grass 
Okra 
Sweet corn 
Sesame 
Rice bean 
Adzuki bean 
Mungbean 
Soybean 
Peanut 

57.9 p-r 
56.4 q-s 

7.2 z 
59.0 p-r
68.1 1-o 
84.6 d-h 
81.9 gh 
84.7 d-h 
80.4 g-i 
63.9 n-p 
50.1 st 
27.4 w 
13 5 y 
71.5 k-m 
54.1 rs 
62.3 o-q 
54.2 rs 
62.8 o-q 
79.5 hi 
56.7 q-s 
24.4 wx 

51.1 op 
45.2 pq 
15.6 v-x 
70.1 j-1
53.8 n-p 
73.8 g-k 
F2.9 e-h 
82.4 e-h 
86.7 a-e 
70.3 j-1 
38.5 q-s 
26.5 tu 
12.4 wx 
73.5 g-k 
39.0 q-s 
71.8 i-I 
57.5 no 
74.1 g-k 
78.4 e-j 
62.3 I-n 
20.7 u-w 

70.5 c-i 
38.3 I-o 

7.0 q 
69.9 c-j
64.3 e-j 
85.9 a-g 
88.0 a-f 
86.0 a-g 
88.0 a-f 
80.8 a-g 
49.2 i-n 
36.8 1-o 

7.9 q 
73.5 b-h 
46.9 j-n 
79.8 a-g 
81.7 a-g 
85.1 a-g 
92.7 a-c 
90.4 a-o 
39.7 1-o 

Sweet potato CN 1367-2 
Sweet potato CN 1028-15 
Sweet pepper 
Kohlrabi 
Chinese cabbage 

43.7 tu 
28.5 w 
62.4 o-q 
74.2 i-I 
92.9 a-c 

39.6 qr 
40.8 qr 
54.9 no 
75.4 f-k 
83.5 b-g 

66.2 d-j 
41.2 o 
68.4 c-j 
85.4 a-g 
96.3 ab 
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Table 1. Continued. 

Vegetable 	 April July November 
Let .uce 80.0 g-i 72.9 h-k 87.4 a-g

Amaranth 46.8 tu 39.8 qr 39.6 I-o
 
Kangkong 22.3 wx 25.4 tu 23.2 o-q

Shallot 44.6 tu 33.1 r-t 39.4 I-o
 
Bunching onion 42.3 u 29.8 s-u 55.4 h-I
 
Chinese chive 19.6 xy 23.4 uv 22.9 o-q

Radish 95.8 ab 93.1 a-c 98.1 a
 
Carrot 83.2 e-h 94.6 a 77.0 a-h
 
Mustard 91.1 a-d 92.5 a-d 95.9 ab
 
Ching-chiang 78.3 h-k 85.1 a-f 83.3 a-g

Broccoli 81.1 g-i 80.6 e-i 91.7 a-c
 
Basil 78.0 h-k 82.9 e-g 83.9 a-g

Hot pepper 72.1 j-m 93.8 a 80.8 a-g

Nightshade 80.5 g-i 66.8 Im 81.2 a-g

Garlic 36.0 v - 32.4 m-p

Cabbage 64.2 n-p 62.7 I-n 81.4 a-g

Spinach 44.3 tu - 83.8 a-g
 
Cherry radish 96.9 a 97.4 i.
 
Chinese kale 72.2 j-m - 89.1 a-d
 
Garland chrysanthemum 66.9 m-o - _
 
Coriander 92.0 a-c - _
 
Cauliflower 82.5 f-h - 83.3 a-g

Rape green 90.0 a-e - 83.2 a-g

Paitsai 89.5 b-f 93.1 ab 89.1 a-d
 
Day lily - 8.8 x 14.5 pq

Snake gourd - 50.9 op 71.8 b-i
 
Taro - 7.9 x 4.9 q

Celery - 77.9 e-j -

Ginger - 12.2 wx -


Mean in each season 62.5 aby 59.2 b 67.2 a 

Mean max. temp. (°C) 28.4 33.3 2/.9

Mean temp. (°C) 19.5 24.1 19.9
 

ZMean separation incolumn by Duncan's multiple range test at 5% level. YMean separation in three seasons 
by Duncan's multiple range test at 5% level. 

Among Dicotyledoneae. species of Convolvulaceae (sweet potato, kangkong) and Euphorbiaceae 
(cassava) had lower leaf tissue His, whereas Cruciferae and Umbelliferae had higher leaf tissue His. 

Arbitrary classification of heat sensitivity among the 59 vegetables, as measured by the conductivity 
test of electrolytes leakage, is listed as follows: 

" Heat tolerant (HI x 25%): asparagus, Chinese chive, day lily, ginger, kangkong, lemon grass 
and taro. 

" Moderately heat tolerant (25%/ x HI x 50%): amaranth, bunching onion, cassava, garlic, 
Malabar spinach, peanut, shallot, sweet corn, sweet potato and yam.

" 	 Slightly heat tolerant (50% x HI x 75%): bitter gourd, cabbage, calabash gourd, eggplant,
garland chrysanthemum. luffa, okra, pumpkin, rice bean, sesame, snake gourd, soybean, sweet 
pepper, wax gourd and yardlong bean. 

" 	 Heat sensitive (HI 75%): adzuki bean, basil, broccoli, carrot, cauliflower, celery, cherry radish, 
Chinese cabbage. Chines,: kale. ching-chiang, coriander, cucumber, hot pepper, hyacinth bean, 
kohlrabi. lettuce, lima bean, mungbean, mustard, nightshade, paitsai, radish, rape green, snap 
bean, spinach and tomato. 
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Some of the heat-tolerant and moderately heat-tolerant vegetables in the above list are usually 
grown under hot season conditions and are expected to adapt well to high temperature conditions. 
However, there are cases o!"moderately or slightly heat-tolerant vegetables, e.g. garlic and garland 
chrysanthemum, in tefins of leaf tissue HI, which would be expected to grow poorly under hot season 
conditions. It is possible that other physiological processes, such as photosynthesis, morphogenesis, 
and other growth and developmiental processes, would be linited by high teniperature stress. 

The above classification confirms the findings of last year for vegetables testcd again this ycar; 
however, there were cases of interchanges within categories for two years' results. It seems that 
environi enialfactors (teniperattnre) have sorne effect oi the stability of' leaf tissue Itl. To estinmate 
the stability of leaf tissue 111, repressions of leaf tissue Ills stabilities were calculatcd for 41 vegetables. 
By definition, a stable Ill should have the sinallest possible regression coefficients (b) and deviation 
front regression (Sd). Rcgrc;sion coefficients of these 41 vegetables ranged froni -0.63 to 2.75 
(Fig. 2). Vegetables such as pumtpkin, .vaxgour'J, yau , iip 'nwir,,,yb-ti, .wve! 1iiato (('N 1367 2), 
kohlrabi, lettuce and hroccoli had high regression coefficients, which implies that the leaf tissue of 
these vegetables nay not be stable. The lover Ieaf tissue Ills of punipkin, wax gourd, snap bean, 
soybean, kohlrabi, lettruce and broccoli in tile in cool seasoii seelneld to indicate thathot scson t1han 
the adaptation process (hardening) to high tenicpraturc funclioncd in the hot season, which would 
render themi heat iolerant and thus reduce leaf' tissue His. Ihowever, the hardening process of these 
vegetables urider Iot scason conld itions needs to be Further exaiii ned under controlled growth 

temperature conditions. 
On the other hand, vegetables such as hitter gourd, toniato, lemon grass, asparagus, cucuiber, 

sweet potato (CN 1028-15). kangkong, shallot, radish, yardlong bean. Malabar spinach and mustard 
had low regression coefficients regardless of specific injury levels of individual vegetables, which 
indicates that the leaf tissue of these vegetables is quite stable urder different growing seasons. Results 
suggest that the hardening process of these vegetables under hot season conditions rnay not accrue 
enouttgh to cause any signific:t effect on leaf tissue IlI. 

In conclusion, an analysis of, stability for leaf tissue I-l showed that low leaf tissue Ills tended 
to, more stable Under diffcrnt growing seasons, which seer s to indicate that the innate heat tolerancebe 
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Fig. 2. Relationship of the average leaf tissue heat Injury and stability of 
41 vegetables grown In three distinct seasons at AVRDC, 1987. 
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of these vegetables would be adequate to overcome heat stress encountered under different environmental 
conditions. The increasing trend in regression coefficients with increasing leaf tissue HI, on the other 
hand, seems to suggest that the adaptation mechanism may be required in vegetables with high leaf 
tissue Iil to overcome heat stress. More detailed studies, however, are needed to examine the adaptation 
(hardening) process as affected by high temperature and its effect on the overall plant perfbrmance 
unifer high temperature conditions. 



On-Station Testing 

Cooperative Projects with Local Institutes 

Summary 

Promising AVRDC lines and selected varieties of new vegetables, including sweet and hot peppers, 
cauliflower, Chinese radish, mustard and snap beiin were tested under different environments in Taiwan 
through RYT. Vegetable soybean variety AGS 292 was released in 1987 because of its Outstanding 
perlOrnmances during these trials. Entries which outperformed the check entries in RYT during 1986 
and 1987 are: GS 208 and AGS 215 of soybean; AGS 190 and AGS 292 of vegetable soybean: VC 
3738A and VC 3890A of mungbean: FMTT 22 of fresh market tomato: AVRDC 85-216 and AVRDC 
82-156 of Chinese cabbage: CN 1345-8 of sweet potato: Gypsy of sweet ppper; Passion of hot pepper; 
Chu Pei Kan Zuyi and Tung Shih Kan Zu of Chinese radish: Chinhsingly and Tender Green of mustard; 
and Witsa of snapbean. 

Introduction 

Promising AVRDC lines and selected varieties of new vegetables, including sweet and hot peppers, 
cauliflower, Chinese radish, mustard, and snap bean, were tested under different environments in 
Taiwan through the regional yield trials (RYT) and the district trials (DT). These trials were supported 
and mainly conducted by Taiwan's national programs in farmers' fields. 

Materials and Methods 

The locations, number of entries, sowing and harvesting dates in regional yield trials are shown 
in Table I. Trials were conducted in a randomized complete block design with four replications. The 
plant spacings are listed in Table 2. 

District trials (if soybean were conducted in summer and autuni 198W, and spring 1981 at seven, 
three and seven locations, respectively. There were five entries including one AVRDC line, AGS 
157. The same experimental design and plant spacings as in RYT were used. 

Results and Discussion 

A. Release of AVRDC Line in Taiwan During 1987 

An AVRDC-introduced vegetable soybean line, AGS 292 (Taishoshiroge), was released in Taiwan 
as .*aohsiung Selection No. I (KS I) on 23 April 1987 after its outstanding performance in RYT. 
Its acreage in autuni 1987 planting season in Taiwan was nearly 800 ha. which was 19% ol'the total 
acreage for vegetable soybean during that season. A total of 40 ha had been planted to tis variety 
by the Taiwan Seed Service for seed multiplication during the same season. It was estimated that 100 
t of seeds for growing in 1,000 ha will be produced in the 1988 spring season. 
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Table 1. Number of locations, number of entries, sowing and harvesting dates of regional 
yield trials including AVRDC material in Taiwan. 

No. of No. of 
Year Season locations entries Sowing dates Harvesting dates 

Soybeanz
 
1986 Summer 10 11 "il June - 29 Aug. 21 Sept.- 30 Dec.
 
1986 Autumn 3 11 10 Sept. - 9 Oct. 6 Dec. - 16 Jan.
 
1987 Spring 11 11 21 Jan. - 23 Feb. 24 Apr. - 20 June
 

Vegetable soybean'
 
1986 Autumn 3 8 10 Sept. - 3 Oct. 17 Nov. - 17 Dec.
 

Mungbean y 

1987 Spring 5 10 16 Feb. - 22 Mar. 12 May - 7 June 
1987 Summer 4 10 3 July - 25 Aug. 1 Sept. - 3 Nov. 

Processing tomato 
1986 Autumn 3 10 *22 Oct. - 23 Oct. 14 Jan. - 20 Mar. 
1986 Winter 3 10 *25 Nov. - 27 Nov. 7 Mar. - 8 Apr.

Fresh market tomato' 
1987 Summer 7 11 *25 Feb. - 3 Aug. 2 Apr. - 23 Nov. 

Chinese cabbage' 
1987 Summer 8 5 9 May - 4 Sept. 26 June - 4 Nov. 

Sweet potato * 

1987 Simmer 5 11 1 Apr. - 29 Apr. 25 Aug. - 29 Oct. 
Snap bean'
 

1986 Autumn 3 9 6 Sept. - 30 Sept. 30 Oct. - 29 Dec. 
1987 Spring 3 9 17 Feb. - 5 Mar. 15 Apr. - 2 June 

Sweet pepper" 
1986 Autumn 3 8 *1 Sept. - 30 Oct. 3 Nov. - 24 Mar. 
1987 Spring 4 8 *3 Jan. - 21 Apr. 12 Mar. - 7 Aug. 

Chinese radish" 
1986 Autumn 2 6 1 Sept. - 30 Sept. 15 Oct. - 24 Nov. 
1987 Spring 1 6 Apr. 9 26 May - 4 June 

Hot pepper 
1986 Autumn 1 6 *26 Sept. 7 Nov. - 4 Feb. 
1987 Spring 1 6 *2 Apr. 16 June - 18 Sept. 

Cauliflower 
1986 Autumn 1 4 *26 Sept. 3 Nov. - 24 Nov. 
1987 Spring 1 4 *6 May 15 June - 29 June 

Mustard 
1986 Autumn 1 3 *25 Sept. 17 Oct. - 3 Nov. 
1987 Spring 1 4 9 Apr. 5 May 
Transplanting ZCoordinated by Kaohsiung DAIS; YCoordinated by Tainan DAIS: XCoordinated by

Taichung DAIS: WCoordinated by Chiayi TARI; VCoordinated by TSIPS; and UCoordinated by Taoyuan 
DAIS. 

B. Regional Yield Trials and District Trials 

1.Soybean
 

Regional yield trials. Two AVRDC lines, AGS 208 and AGS 215, were used in RYT in 
summer and autunm 1986, and spring 1987. Generally, these two lines yielded as high as the check 
variety, KS 8 (Table 3); however, there were seasonal effects. Compared to tile check, these two 
lines tended to have higher yields in summer, but lower in autumn planting. These two lines were 
more stable than KS 8 under difIfrent environments in Taiwan (Figs. I & 2). 

District trials. All live entries had similar mean yields across locations in each planting season. 
and had th. highest yield in spring planting season I fable 4). The AVRDC line, AGS 157 had 
similar responses to different environments as the check variety, KS 8, but had a little higher stability 
(Fig. 3). 
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Table 2. Plant spacings used in regional yield trials.
 

Space betweun rows Space between plants (cm) Plant no./hill(cm) Spring & Summer Autumn (cm) 

Soybean 50 15 10 2 
Vegetable soybean 50 10 10 2 
Mungbean 50 10 - 2 
Processing tomato 150 - 40 1 
Fresh market tomato 75 50 - 1 
Chinese cabbage 75 35 - 1 
Sweet pepper 75 40 40 1 
Hot pepper 75 40 40 1 
Snap bean 75 50 50 1 
Chinese radish 50 25 25 1 
Cauliflower 75 50 50 1 
Mustard 75 50 50 1 

Table 3. Yield of entries in the Taiwan soybean regional yield trials in summer and autumn 
1986 and spring 1987. 

Yield (t/ha) 

Entry 1986 1987 Mean Index
 
Summer Autumn Spring
 

TARI 6 1.83 bc 2.07 2.28 c 2.07 b 
 90 
TARI 7 2.09 a 2.06 2.48 abc 2.27 a 98 
AGS 208 2.01 ab 2.20 2.35 abc 2.19 ab 95 
AGS 215 1.99 ab 2.03 2.59 a 2.27 a 99 
Hualien 71-27 1.97 abc 2.46 2.20 c 2.14 ab 93 
Hualien 71-30 1.93 abc 2.36 2.26 c 2.14 ab 93
 
KSS 22 1.87 bc 2.27 2.34 abc 2.13 ab 93
 
KSS 72 2.04 ab 2.18 2.52 ab 2.28 a 99
 
KS 1372 1.77 c 2.06 2.35 abc 2.07 b 90
 
KS 1397 1.77 c 2.32 2.53 ab 2.19 ab 95
 
KS 8 1.84 bc 2.82 2.58 a- 2.30 a 100
 

Table 4. Yield of entries in the Taiwan soybean district yield trials In summer and autumn 

1986 and spring 1987. 

Yield (t/ha) 

Entry 1986 1987 Mean Index
 
SuMlmer Autumn Spring
 

KS 1266 1.73 1.78 2.73 2.17 97
 
AGS 157 1.78 1.91 2.81 2.25 100
 
TAR1 4 1.80 1.75 2.77 2.22 99
 
Hualien 70-40 1.83 1.77 2.72 2.21 99

KS 8 1.76 1.86 2.84 2.25 100
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2. Vegetable soybean 

Six promising AVRDC lines and two checks were used inhe vegetable soy' ean RYT. Their 
relative performances were consistent during 1985 and 1986 (r 0.88*:*). "l'b, marketable= meain 
yields of AGS 190 and AGS 292 were significantly higher than the check varieti's, 205 (TIuzrunoko) 
and Ryokkoh (Table 5). In general, both AGS 90 and AGS 292 had similar responses to tlhe 
environment compared to the average yield oflthe checks (Figs. 4 & 5). AGS 190 was more stahle 
than the checks inspring planting, ut less stable in summer. Furthermore. AGS 190 had relatively 
sidmaleler pods thanii the check,. '[herefore, only AGS 292 was recoin iiiellded ad releasedlfor growing 
mn Taiwani. 

3. Mungbean 

The iiugbean breeding programs in Taiwan ain to develop high and stable-yicldint genotypes
with tilefollowing attributes: a) dull seeds with 100-seed weight of inre than 6 g. b) unilturn maturity 
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Table 5. 	Yield of entries in the Taiwan vegetable soybean regional yield trials in 1985 
and 1986. 
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Table 6. 	Yield and agronomic characters of entries in the Taiwan mungbean regional 
yield trials, spring and summer 1987. 

Mf(y 100 Plant 
Entry , rd Ir)d, DSe(d Irerght Pod/pliht Seed/pod 

(irl)ratrarity wt. (g' (crii) 

Spring 1987 
VC 3004A 1 3 Icbh 91 18.6 5,12 43.6 15.3 10.1 
VC 31 16A 1 3 c(o 86 80.5 5.63 49.4 13.2 10.6 
VC 35,13A 1 3 hc(J, 91 79 7 5367 45.0 13.4 10.2 
VC 3580A 1.2 de 84 79.9 5.10 50.3 14.5 10.7 
VC 3678A 1 4 abc 102 77.6 4.97 47 7 14.9 11.2 
VC 3738A 1 5 ab 107 9 2 543 45.3 14.6 11.1 
VC 3857A 1 3 hcde 93 78.8 5.60 51.8 11.9 11.0 
VC 3890A 1.6 a ill 77.3 5.91 46.0 14.5 11.2 
V 2010 1 1 , 77 79.6 5.86 54.7 9.5 10.8 
TN 3 15 aItcd 100 78.1 5.61 53.5 14.6 10.9 

Suirnrir 198)h7 
VC 3004A 1 5 ab 101 68.6 6.01 66.6 12.6 11.9 
VC 3116A 1 3 hc 88 68.9 6.12 63.5 11.1 11.4 
VC 3543A 1.4 ah 100 68.0 6.26 59.2 12.0 10.8 
VC 3580A 1 3 tc 87 7O.9 5.41 66.5 12.7 11.4 
VC 3678A 1 4 abc 95 70.6 5.,11 63.0 128 12.4 
VC 3738A 1.6 a 112 G9.7 I5.84 62.6 13.4 12.3 
VC 3857A 11 : 77Il 71 3 642 67 8 11.0 12.2 
VC 389( 1.5 a 101 65 4 6.35 53.7 11.2 11.1 
V 2010 0.9 o 61 69.6 656 65.6 10 1 11.1 
TI 3 1.4 al) 100 67.9 6.22 64.0 11.9 11.2 
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4. Processing tomato 

One of tile main objectives of tie processing tomato breeding program in Taiwan is to develop
high and slable-yiIdig genotypes with heat tolerance to extend production period an( obtain high 
quality fruits. These trials. including four AVRDC FI processing tomato hybrids were evaluated
mainly in the Chianan area. Results showed that all four AVRDC I-, hybrids did better than the check 
entry, TK 70. du ring the two cropping seasons in 1986. except PT 4037 in the autun planting (Table
7). However, these hybrids only perolrmcd similarly as the other check, TN 3 (PT 3027). during
winter but not during the autumn planting. which implied Iiat TN 3 still had better heait tolerance 
than the tilier entries. Their qualities in terms of color and soluble solids content were similar to 
that of' TK 70: but TK 70 had tie biggest fruit size. 

5. Fresh market tomato 

These trials were all conductcd in the highlands. 500 to 600 ii above sea level, except for AVRDC. 
All six AVRDC lines had higher average yield across locations than the check entry, TSS I in 

1986 summer RYT (Table 8). Similar to last year's results. tihe FMTT group. particularly in the lowland 
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Table 7. Yield and horticultural characters of entries in the Taiwan processing tomato 
regional yield trials, 1986. 

Yield* Days to Fruit Soluble Titratable HunterEntry (t/ha) naturity size pH solids acidity color(g) (Brix) (%) (a/b) 

Autumn 
PT 1017 134.7 125 53.7 4.16 5.18 0.45 2.73 
PT 4027 146.7 123 53.5 4.17 4.58 0.43 2.69
PT 4037 116.9 124 72.2 4. 4.61 0.43 2.61 
PT 4045 143.1 125 82.4 4.11 5.25 0.50 2.66
TN 3 151.6 127 59.3 4.22 4.92 0.38 2.73 
TN 2 123.8 131 81.8 4.22 4.93 0.37 2.73 
TK 70 126.0 128 88.6 4.20 4.95 0.47 2.63 

Winter
 
PT 1017 91.3 119 
 49.7 4.13 4.92 0.46 2.67
PT 4027 92.8 119 55.0 4.21 4.96 0.41 2.63
 
PT 4037 80.1 120 69.1 4.18 5.15 0.45 2.60

PT 4045 96.0 119 71.2 4.19 4.99 0.44 2.62 
TN 3 90.5 121 58.9 4.20 4.46 0.37 2.65
TN 2 44.2 121 72.2 4.31 4.97 0.32 2.74
TK 70 66.2 123 81.5 4.29 5.00 0.39 2.66 

-The average yield across three locations. 

Table 8. Yield of entries in the Taiwan summer tomato regional yield trials, summer 1987. 

Entry Yield (t/ha)~-Entr -- -- Index
Chinshan Pengdun Hsinyi Yuchi Hsinsher Shanhua Mean
 

FMTT 3 55.7 a 63.9 cd 52.9 a 57.5 a 11.4 8.8 ab 41.7 ab 119
 
FMTT 22 60.0 a 75.0 a 51.3 ab 51.0 b 8.2 10.5 a 43.3 a 124
 
FMTT 23 56.1 a 64.0 cd 
 43.2 d 45.7 bc 10.8 7.2 b 37.9 abc 108

FMT1 27 43.6 b 61.0 cd 39.1 e 43.9 c 20.1 7.9 ab 35.9 bc 103

FMTT 33 60.6 a 71.1 ab 49.0 b 51.9 ab 8.0 10.4 a 41.8 ab 119
 
FMTT 34 55.8 a 66.2 bc 41.7 d 44.4 c 20.6 7.0 b 39.3 abc 112
 
TSS No.1 44.0 b 54.2 ef 46.3 c 50.4 b 14.1 0.7 c 35.0 bcd 100 

area of Shanhua, showed their heat tolerance compar d to TSS 1. Among the entries, FMTT 22 gave 

the highest average yield and the highest yield inlmost oi the trials. 

6. Chinese cabbage 

Yields ot Chincse cabbage had significant variations among locations in the 1987 summer RYT. 
The avcrage yields across entries varied from 1.5 t/ha in Luchu to 38.2 t/ha in Chupei. The former 
was mainly attributed to heavy rain brought about by a typhoon and the latter was due to late 
transplanting in summer. 

All four AVRDC lines outyicld,,'d the check variety. Summer Light No. 4, consistently in all 
locations, except AVRDC 85-120 in Penghu Island. AVRDC 85-216 gave the highest average yield
of 22.3 t/ha, which was 53% higher than the check (Table 9). 

7. Sweet potato 

Results of average yields across five locations and agronomic characters of entries in the 1987 
summer RYT are shown in Table 10. Among four AVRDC lines, only CN 1407-8 and CN 1345-8 
tended to have similar yields to the check cultivars. Compared to the checks, however, their dry matter 
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Table 9. 	Yield and horticultural characters of entries in the Taiwan Chinese cabbage 
regional yield trials, summer 1987. 

Mean Days to 	maturity -larvest Mean Head Solidity 
Entry 	 yield Direct Trans- rate head shape (gcc) 

(t/ha) seeding planting (%) wt.(g) index 
AVRDC 82-156 18.3 66.5 45.8 82.8 486 1.36 0.44 
AVRDC 83-2 17.8 67.0 42.8 86.6 586 1.23 0.39 
AVRUC 85-120 18.1 63.5 45.9 83.6 594 1.40 0.39 
AVRDC 85-216 22.3 68.0 45.6 87.1 685 1.58 0.41 
Summer Light No.4 14.6 63.5 43.5 83.8 505 1.14 0.38 

Table 10. Yield and agronomic characters of entries inthe Taiwan sweet potato regional 
yield trials, summer 1986.

EntryMarketable 

Entry root yield (t/ha) Dry matter Protein Sugar Starch Fiber 

CN 1407-8 15.4 abcd 33.5 4.54 9.5 71.6 3.14
 
CN 1310-5 15.0 bcd 32.9 5.86 10.3 72.1 3.51
 
CN 1405-14 11.6 cde 29.9 5.27 10.7 67.0 3.54
 
CN 1345-8 16.1 abc 33.9 6.83 9.7 71.2 3.48
 
C 66-L-51 8.5 e 36.2 3.67 9.0 74.4 2.93
 
C 69-27 10.0 de 33.5 3.21 11.5 73.8 3.36
 
C 70-141 12.5 cde 36.4 4.29 9.2 76.1 3.21
 
C 70-245 13.9 bcde 34.5 3.80 11.1 71.6 3.35
 
TN 68-6 20.7 a 27.9 5.22 11.2 70.7 3.27
 
TN 67-16 18.2 ab 26.5 5.18 15.5 63.9 4.21
 
TN 66 20.6 a 25.5 6.63 13.4 57.9 4.33
 

contents had been increased and their sugar contents had hcen reduced. hoth showing the progress 
of (lie AV RDC sweet potato hreeding program. 

8. Sweet 	 pepper 

There were sionificant seasonal eflects on the vield o( sweet pepper. the 1986 autt11 trial had 
higher yields but smaller fruit size Colparcd to the 1987 spring trial in all three locations (Table II). 

Among the entries, Gypsy gave the highest yields - 50' higher than the other entries - during 
both cropping seasons, partichtIarly during the spring planting. Giant Bell had the biggest fruits in 
both planting seasons. Blue Star and 0329 had lower firlnness and 0329 had significantly higher 
sweetness than the other entries. 

9. Hot pepper 

Generally. hot pepper grew better in spring than in autun pamting seasons in Taiwa,. except 
Passion and Szechuan which had higher vields than the other entries in autumin (Table 12). Passion 
outyielded the other entries during both seasons. Hungarian Yellow Wax was the earliest maturing 
cultivar among the entries, while Farner's Newcomer had the biggest fruits. 

10. Cauliflower 

Yields of cauliflower were much lower inspring 1987 RYT than inthe 1986 autumn RYT (Table 
13) miainlv because of the higher iean air temperature durig the growth of the Ibrnier (26.7C) 
corni pared to the latter (24.8°C). Not one of the entries perfornicd better than the check cultivar (45 
days) in the autumni planting. In late spring planting, Fl 451 significantly outyieldcd the other entries, 
obviously showing its heat tolerance. 
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Table 11. 	Yield and horticultural characters of entries in the Taiwan sweet pepper 
regional yield trials. 

Autumn 1986 Spring 1987 
Fruit

Mean Fruit Mean Fruit Sweetness 
Entry yield size yield size Firmness thickness (0Brix) 

(t/ha) (g) (t/ha) (g) (cm) 
Blue Star 37.0 98 11.9 132 0.57 b 0.38 3.43 b 
Gypsy 43.3 64 22.7 108 0.64 a 0.40 3.24 b 
Dalbon 35.5 101 13.4 141 0.64 a 0.43 3.25 b 
Green Bell 39.6 96 14.8 142 0.62 a 0.40 3.30 b 
Giant Bell 37.7 104 13.3 155 0.62 a 0.38 3.12 b 
VD Berg (0506) 40.7 103 14.1 120 0.63 a 0.43 3.32 b 
3856 33.9 88 12.2 129 0.63 a 0.42 3.11 b 
0329 35.8 90 14.9 155 0.60 b 0.44 3.85 a 

Table 12. Yield and horticultural characters of entries in the Taiwan hot pepper regional 
yield trials. 

Marketable Plant Fruit Fruit 
Entry yield Daysto Do height length width 

(t/ha) maturity flowering (cm) (cm) (cm) 

Autumn 1986 
Farmer's Newcomer 26.8 bc 111 41 71.5 16.8 2.2 
Passion 	 42.5 a 120 63 79.2 13.3 1.5 
Hungarian Yellow Wax 24.7 bcd 104 8 55.0 12.0 2.8 
Twist Hot 11.4 d 104 41 49.1 8.9 1.0 
Hong Shan 	Ho 15.4 cd 117 42 63.7 10.7 1.7 
Szechuan (ck) 34.1 ab 124 63 79.2 11.8 1.0 

Spring 1987 
Farmer's Newcomer 34.0 b 107 25 30.6 8.3 1.8 
Passion 40.0 a 114 25 32.5 8.2 1.3 
Hungarian Yellow Wax 35.1 ab 98 13 28.3 6.3 2.0
Twist Hot 23.1 c 104 13 24.4 5.4 1.3 
Hong Shan Ho 30.2 b 112 18 31.2 7.7 1.6 
Szechuan (ck) 21.9 c 108 25 39.1 7.8 0.9 

Table 13. Yield and horticultural characters of entries in the Taiwan cauliflower regional 
yield trial in AVRDC. 

Yield Days to Mean Mean Head Heard Plant Plant
Entry Yield maysrtoygrowth head length width length width(g) wt.(g) (cm) (cm) (cm) (cm) 

Autumn 1986 
F1 451 25.2 ab 44.5 1210 502 10.3 14.2 37.0 18.4 
Fengshan Extra 

Early 18.5 c 48.9 1192 426 10.4 14.1 42.9 19.2 
Chia Tai No.1 24.2 b 45.2 1212 512 10.9 14.6 43.0 18.3 
45 days (ck) 29.8 a 50.0 1578 634 12.9 14.9 46.5 21.3 

Spring 1987 
F1 451 9.2 a 46.8 953 391 12.3 12.3 38.0 17.9 
Fengshan Extra 

Early 2.1 c 51.3 492 179 11.8 6.8 38.3 16.0 
Chia Tai No. 1 
45 days (ck) 

4.4 b 
5.3 b 

51.9 
51.4 

496 
645 

245 
272 

11.6 
13.4 

9.4 
11.3 

38.5 
45.1 

16.0 
19.3 
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11. Chinese radish 

Yields of Chinese radish were higher in autumn 1986 than spring 1987 (Table 14). However,
the mean air temperature during their growth was similar at 24.5°C and 24.8°C, respectively. It 
appeared that the differences in daylength (from 12.4 to 11.4 and 12.9 to 13.8 hours, respectively)
might have contributed to ftle distribution ofassimilates: hence, the plants in spring planting had more 
leaves. 

Among the entries, Chu Pei Kan Zuvi and Tung Shih Kan Zu gave higher yields than the other 
entries in autumn, while 40 Days Early and Daeburyong yielded high in spring. 

12. Mustard 

It took about 30 to 40 days fbr Mustard to mature in both sea,;ons (Table 15). Ammong the three 
cultivars tested, Chinhsingly had the highest yield in autumn while Tender Green yielded the highest
in spring. The low yields of Gisilba were mainly due to high rate of boiling. 

Table 14. 	Yield and horticultural characters of entries in the Taiwan Chinese radish 
regional yield trials. 

Mean Root Root 
Entry yield Days to Leaf no./ length width 

(t/ha) maturity plant (cm) (cm) 

Autumn 1986 

Chu Pei Kan Zuyi 43.5 55 15.4 19.9 7.9
Tung Shih Kan Zu 45.8 55 15.0 19.7 8.0 
40 Days Early 34.4 47 15.7 25.4 6.5 
Summer Top 26.5 56 16.2 18.5 6.3 
Daeburyong 	 35.9 56 15.0 19.1 6.8 
Tour Tou Yi 	 43.6 55 15.5 19.8 8.1 

Spring 1987 

Chu Pei Kan Zuyi 9.7 b 49.6 b 19.5 ab 18.3 b 5.5
Tung Shih Kan Zu 7.9 b 49.1 b 20.6 a 20.7 b 6.0 
40 Days Early 14.8 a 48.0 c 21.1 a 25.2 a 5.6 
Summer Top 	 9.7 b 50.9 a 15.0 c 18.9 b 4.9 
Daeburyong 	 14.5 a 49.5 b 16.6 bc 20.2 b 5.5 
Tour Tou Yi 	 9.0 b 49.6 b 20.8 a 19.5 b 5.8 

Table 15. Yield and horticultural characters of entries In the mustard regional yield trials 
In AVRDC. 

Entry Yield Days to Leaf no./ Leaf length Leaf width 
(t/ha) maturity plant (cm) (cm) 

Autumn 1986 
Gisilba 7.5 c 30 126 12.1 7.5 
Tender Green 
Chihsingly 

21.7 h 
46.2 a 

34 
41 

32 
10 

34.0 
42.1 

24.8 
40.1 

Spring 1987 
Gisilba 
Tender Green 

5.5 c 
39.0 a 

35.0 
37.3 

248 
69 

9.2 
7.8 

6.4 
15.2 

Chihsingly 
Ta Peng Pao 

29.6 b 
24.5 b 

40.9 
39.5 

45 
48 

32.5 
28.4 

25.6 
24.9 
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13. Snap bean 

Rust is one o' tihe major constraints in snap bean production in Taiwan. Hence, the snap bean
RYTs were carried our with and without fioz' c;'ides. Results showed that all entries outyielded the
check cultivar, Thailand. under the treatment without fungicides during the autunn planting (Table
16). Witsa had the highest yield in the fungicide-protected treatment. There was no significant differences 
ill
snap bean yield amllong treatments and cultivars. 
Table 16. Yield and horticultiral characters of entries in the Taiwan snap bean regional 

yield trials. 

Autumn 1986 Spring 1987
 
Entry Treatment Yield Pod length Yield Pod length
 

(t/ha).. (cm) (t/lha) (cm)
 
Without figicides


Taichung #11 21.2 15.0 26.4 15.4
Taichung #12 19.9 16.1 23.2 16.7
Taichung #16 Without 20.7 16.5 24.4 16.8

Black Creasback Fungicides 20.0 15.0 22.8 15.2

Thailand 15.7 15.9 23.3 15.8
 

With fungicides
Black Creasback 20.5 15.1 23.2 15.7
Thailand 15.4 16.1 25.0 17.6
Witsa With 30.2 18.8 24.3 19.1
Paichia 7" Fungi:,ides 23.2 15.3 21.5 15.2 

Studies on the Relationship of Seed and Pod Size 

of Vegetable Soybean 205 (Tzurunoko) 

Summary 

ualityV. was 
the pod size of' one of tile 205 (ITuruntoko). was getting smaller 

Large pod size is one of the important items in vegetab!e soy'bean gi It noticed that 
most poplar veCetable cultiVars. 

each year. This project, in cooperation with Kaohsitng DAIS. was thus directed at finding tilepossible
problems responsible for this phenomenon and seeking solutions to ensure the quality of this vegetable
soybean. The firs: set of experiments Studicd tileeflccts of seed sizes sown on pod size, marketable 
and total pod \ields. and seed site :nd seed y'ield. Results shovCd that seed size sown might not be 
a najor factor responsible for the decreasing pod size. On the other hand. tilecultivating management
procedures might ha\c an cffect on this phenomenon: this \\arrants further research. 

Introduction 

Large pod si/e is me of tileimportant criteria determining vegetable soybean quality. It was noticed
that the pod size ol one of the mnost popular vegetable soywbelan cultivar. 2(15. was getting smaller each 
\e r.The nietlitd %sherein farni'rs produced their own seeds without selecting seed size could be
related to decreasing p d size. 'l h s project, in cooperation with the Kaohsiung DAIS, investigated
tile
possible reasons behind this pilILihIcIRJ1, dfud sought solutions to ensure the quality of vegetable 
soybean. 

Materials and Methods 

Seeds of the vegetable soybean euivar, 205, were grouped in four different sir+es, i.e. 100-seed 
weight ol'43, 40. 30 and 20 g. These seeds were then used in two sets of experiments. One set was 
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planted in three seasons at two locations. Kaohsiung DAIS and AVRDC. with an RCB design in fbur 
replications to study the effects ontmarketable and total pod yields, and pod size. The other set was 
planted at AVRI)C to determine seed yield and seed site. 

Results and Discussion 

Results shox ed that neither mirketable nor total pod ,ield increased by increasing the size of 
seeds sown. The : Cerage pod size. in teris of pod lelgth. pod Width. and per kilogran pod number. 

[v lowest average seed size harvestednot sigil'ic, ntly affected. Although the sinalIlest seeds had tIle 
illSUtner and the Ilo.est seed yield ill utu lIt196 amlong fitle I'ur seed-site groips. the percenltages 
ot' harvested seeds in different site routlps Crc lot significatll ilfluenced b\, siteIf seeds so%%it 
(Table 17). It was concluded that seed site rnich t [ot he the uaJotfactor resposill"e fr the decreasing 

tiLd 	 size of \egetahle soybean cuhli\ar. 205
 
Results of 'Consistcntlk higher marketabl and total pid yields. \L'
nd ptod ,i/C Of egetble so, bean 

planted at AVRI(' comipared Kaohsitnc I).-AIS slt, in'appropi ate llagellilellt oflo that at ed thalii 
vegetable so\,beM Cultih\atiOt could be partially iespMile fr decreasing pod ,,/Cof Il'Lurutoki. 
-oIe\ver. this ,arrants further ,,tudies. the hichDer \ more prronl incedfiloet'. elds at .\VRI\("crc 

inl tolal ,iCM than in matketble ,ield: henc. fo\, er percentage of marketale tototal \icd as, obtained. 
'Ibis sti'ests rom ftor inipri\Cenelt of the lalll;Cenllel tehniques at .\VRI )' to icrllas'e the 
niarketable yie of \ecgetable sm bean. 

Table 17. Effect of seed sizes sown on yield and seed size of vegetable soybean, variety 
205 (Tzurunoko). 

Sumnler 	 AutUnin1 
Seed size 

Yield Secd size Yield Percentage in different seed size
(t/ha) (g/100 seedfs) (t/ha) 43 40 30 22 

43 1.7 22.9 a 1.8 a 11.6 37.3 45.9 5.2 
40 1.6 21.8 a 1.6 ab 12.1 37.4 47.3 3.3 
30 1.4 21.4 a 1.9 a 11.6 34.2 48.4 5.9 
22 1.4 18.9 b 1.5 b 10.8 32.1 48.9 8.4 
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Improved Cropping Systems 

Introduction 

Crop rotation stppresses soilborne diseases, preserves soil organic matter. increases soil nitrogen,
 
balances soil nutrients, and inpro\es the physical properties of soil. This project, which started in
 
1983. ainis to I )develop crop rotation systems specifically tailored to the tropics. 2) evaluale the
 
effects of previous crops and successive a)plication ) mulch and cotpost on tonato ;and soyhean

yields. 3)dCvelop ness technologics feasible to summer vegctable culivation in tilehtunid tropics,

and 4 develop labor-. fertili/er-. chemical- and water-saving crop rotation systems.
 

Materials and Methods 

The nunilber Of rollion ssstlms s itarting %\ilh six different cropping sequences in aulunl 1983 
was extended to I (I Cquencs "(rn11stmlllllller1984. The cropping sequences front auumn 1985 are 
listed illTable I 

Individuall crops wcrc planted in 5(0-111 plots. A randonti/ed design with two replications was 
used. Although the fertilher application rate for each crop was different in each cropping sequence 
aind also bety,ecl diflferenl cropping ,,equiences, the total arinounts of N. P and K applied per annum 
to each cropping s,steln v,as fixed al tilerate of 200. 12(1 and 22(1 kg/ha. respectively. 

Results and Discussion 

l'he iChls of ric ;tid corn illdifferernl croppint' sequences are presented in Tables 2 and 3. 
respectivel x.Rice yicl indifferent cropping sequences or different cropping seasons did not vary 

eICd, Cr. \aried 
different croppirg sequences is presented in "Table4. t yieId either in tile 

grC;.rl\ . COln hliO b\ seasonI. mainly due to insect dm.anhge. Mungbean yield ill 
ueMbean spring or atunn 

croppinIs sas alw ,s10ohbCduse of roo daallhlraC caused 1W Ftsariti. 1-oever. muIllgbean yield 
in tile crorppin', alter rice cultis atirn was Ikirl. high and did mt shiow al\ sriiptom !f'rootsurrrmer 

dseases.
 

S\Cet I)OtUthN aCI(d pping b rth ill a Liddccresed signifiCamtlx during ctrnintlus cro a.Ulullln Stninier. 
p)ossibl, due thrat (lariage (Tahle 5). S\itaprm is ass Ciated Witli Cll iitius cropping liaiards. however. 
werC not c]Clls sCCn duriiig et\ccpotato grotlh. 

Chinese cabbage .icl ind Ifercit croppinig sequences is presented in Table 6.Itsyield inthe 
autuiiir croppin s\as alss;avs higher whCn prCvitmls ,iig %as either rice or sweet potato, buttlre cror 
it varied each Car duiring suniicr and spring croppings mainly because of daniage y diseases and 
heas\ rains. le Chinese cabhae yields in tIhe sunimners 0! 1984 aId 1985 w\ere faiirlv higlh. while 

arid rMiinl\ (tie to rVphmumi 

TIhe Ield spring croppiigs oi Chinese cabbape ispresented ill 


those in 1980 1987 \crc loss daMriage. 
1 thile 
 Figure I.Rotlionl nis. 

6m,7 anIld tile saie as Chinese cabbage toriato .inier autumin.8 were inspring. ili and soybean ill 
but had different ,rearric riraiure applications. ThIe application o cornpost wkith rice straw mulching 
(Rotation no. 7)or rice straw mulching alme (Rotation nt. 8) resulted illsignificaritl\ higher yield 
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Table 1. Rotation system tested for the AVRDC mandate crops. 

Rotation no. Spring Summer Autumn 
1 Rice Mungbean Tomato 

2 Soybean Rice Sweet potato 

3 Soybean Chinese cabbage Corn 

4 Tomato Corn Soybean 

5 Soybean Sweet potato Chinese cabbage 

6 	 Chinese cabbage Tomato Soybean 

7 Chinese cabbage Tomato Soybean 
(30 t/ha compost (30 t/ha compost 
+ mulching) + mulching) 

8 	 Chinese cabbage Tomato Soybean 
(mulching) (mulching) 

9 Rice Tomato Soybean 
(30 t/ha compost (30 t/ha compost 
+ mulching) 4- mulching) 

10 Rice Tomato (mulching) Soybean 

Table 2. Rice yield in different cropping sequences. 

Planting time 
Rotation 

no. 
Previous crop 

Marketable 
yieta)
yield (t/ha) 

Total 
Ttal 
(t/ha) 

Spring 1984 1 Tomato 4.84 4.84 
Summer 1984 
Spring 1985 

2 
1 

Mungbean 
Tomato 

4.67 
4.23 

4.67 
4.23 

Spring 1985 
Spring 1985 

9 
10 

Soybean 
Soybean 

3.73 
3.39 

3.73 
3.39 

Summer -1085 2 Mungbean 3.12 3.12 
Spring 1986 1 Tomato 5.06 5.06 
Spring 1986 9 Soybean 4.87 4.87 
Spring 1986 10 Soybean 4.40 4.40 
Summer 1986 
Spring 1987 

2 
1 

Soybean 
Tomato 

5.14 
4.20 

5.14 
4.20 

Spring 1987 
Spring 1981 
Summer 1987 

9 
10 

2 

Soybean 
Soybean 
Soybean 

4.66 
4.18 
4.16 

4.66 
4.18 
4.16 

Table 3. Corn yield in different cropping sequences. 

Planting time" Rotation Previous crop Marketable Totalno. yield (t/ha) (t/ha) 

Summer 1984 4 Tomato 0.00 0.00 
Summer 1985 4 Tomato 	 0.00 0.00 
Summer 1986 4 Tomato 1.58 	 5.83 
Autumn 1986 3 Chinese cabbage 19.09 19.09 
Summer 1987 4 Tomato 2.98 4.09 

Iln the summers of 1984 and 1985, corn was harvested as green manure. 
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Table 4. Mungbean yield in different cropping sequences.
 
Planting time Rotation no. Previous crop Yield (t/ha)
 
Autumn 1983 6 Rice 0.78

Spring 1984 2 Sv eet potato 1.06Summer 1984 1 Rice 2.09
Autumn 1984 6 Tomato 0.00Autumn 1984 7 Tomato 0.85

Autumn 1984 8 
 Tomato 0.49
Spring 1985 2 Sweet potato 0.36
Summer 1985 1 Rice 1.89

Summer 1986 
 1 Rice 1.83

Summer 1987 1 
 Rice 1.81 

Table 5. Sweet potato yield in different cropping sequences.

Planting time Rota* on 
 Previous Marketable Total yield 

no. crop yield (t/ha) (t/ha)
 
Autumn 1983 2 Rice 
 17.6 22.3

Summer 1984 5 Soybean 12.0 13.3

Autumn 1984 2 Rice 14.7

Summer 1985 5 Soybean 8.2 

17.0 

Autumn 1985 2 Rice 8.3 
9.7
 

Summer 1986 5 Soybean 6.2 
9.8
 
7.6

Autumn 1986 2 Rice 8.5 9.9
Summer 1987 5 Soybean 5.2 5.9 

Table 6. Chinese cabbage yield in different cropping sequences. 

Planting time Rotation Previous Marketable Total yieldno. crop yield (t/ha) (t/ha) 
Autumn 1983 5 Rice 28.0 54.8
Spring 1984 6 Mungbean 25.6 48.0
Summer 1984 3 Soybuin 27.1 52.4
Autumn 1984 5 Sweet potato 21.6 47.1Spring 1985 6 Mungbean 12.2 31.4
Spring 1985 7 Mungbean 30.3 65.4
Spring 1985 8 Mungbean 14.7 35.9
Summer 1985 3 Soybean 30.7 58.3
Autumn 1985 5 Sweet potato 28.3 47.7
Spring 1986 6 Soybean 3.0 6.6
Spring 1986 7 Soybean 11.6 23.5
Spring 1986 8 Soybean 13.0 17.4
Summer 1986 3 Soybean 8.6 23.8
Autumn 1986 5 Sweet potato 29.5 48.5
Spring 1987 6 Soybean 29.2 48.0
Spring 1987 7 Soybean 36.1 55.3
Spring 1987 8 Soybean 35.0 55.0
Summer 1987 3 Soybean 15.2 28.1 
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in Chinese cabbage. The yield was lower in plants without organm manure (Rotation No. 6) for three 
years, resulting from disease suppression (Table 7). 

Control 

Compost application -mulching with rice 
rice strawMulching with 

30 

-20 

0

01 
Spring 1985 Spring 1986 Spring 1987 

Cropping sequence 

Fig. 1.The effect of compost application and mulching with rice straw on the 
yield of Chinese cabbage in the rotational cropping system. 

Table 7. Effect of compost application and mulching with rice straw on disease suppression 
in Chinese cabbage in the rotational cropping system. 

Rotation no. Spring 1985 Spring 1986 Spring 1987 
__ ______(%) (%) __(%) 

6' 41.0 47.9 2.1 
7y 
 13.6 10.7 1.4 
8x 38.9 19.3 1.4 

'6 = control; Y7 = compost application f mulching with rice straw; and '8 = mulching with rice straw. 

Soybean yield under different cropping sequences is preserwed Table 8. Sovbean showedin' no 
growth retardation in the same cropping scqlcnccs for four years. The spring soybean crop always 
had higher yield than the autuIn crop regardless of the previous crop. Soybean yield in cropping 
sequences increased gradually in both spring and autumn for four years. Soybean with compost 
application and rice straw mulching had the highest yield. 

Tomato yield ill different sequences is presented in Tablc 9. Tomato in tile spring and auttin i 
,:roppings always had higher yield regardless ol the previouts crops. i.e. rice, soybean or iungbean. 
Tomato yield in any cropping system during sumnmer was very low mainly due to diseases. 

In the suinmer toinato cropping of"1985, aiiew heat-tolerant culti var, ClI5915-153. was introduced. 
It gave higher yield due to nore disease resistance anid more lcat tiolerace than CL 1131-38, the 
previous cullivar used. But ill the summers of 1986 and 1987, CL,5915-153 suffered markedly froni 
bacterial spot due to heavy rain. Tomato yield, therelorc, was decreased significantly. 
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Table 8. Soybean yield In different croppilig sequences. 

Planting time Rotation no. Previous crop Yield (t/ha) 
Autumn 1983 4 Rice 2.59 
Spring 1984 3 Buckwheat 3.74 
Spring 1984 5 Chinese cabbage 3.87 
Autunin 1984 4 Corn 2.62 
Autumn 1984 9 Tomato 3.08 
Autumn 1984 10 Tomato 2.31 
Spring 1985 3 Buckwheat 3.85 
Spring 1985 5 Chinese cabbage 3.72 
Autumn 1985 4 Corn 2.38 
Autumn 1985 Tomato6 2.63 
Autumn 1985 7 Tomato 2.45 
Autumn 1985 8 Tomato 2.59 
Autumn 1985 9 Tomato 2.75 
Autumn 1985 10 Tomato 2.73 
Spring 1986 2 Sweet potato 4.42 
Spring 1986 3 Buckwheat 3.93 
Spring 1986 5 Chinese cabbage 3.82 
Autumn 1986 Corn4 3.14 
Autumn 1986 6 Tomato 2.92 
Autumn 19895 7 rornato 2.95 
Autumn 198b 8 Tomato 3.08 
Autumn 1986 9 Tomato 3.47 
Autumn 1986 10 Tomato 2.77 
Spring 1987 2 Sweet potato 4.13 
Sprng 1987 3 Corn 4.32 
Spring 1987 5 Chinese cabbage 4.19 

Table 9. Tomato yield in different cropping sequences. 

Planting time Rotation 
no. 

Previous crop Marketable 
yield (t/ha) 

Total yield 
(t/ha) 

Autumn 1983 1 Rice 46.4 46.4 
Spring 1984 4 Soybean 43.3 43.3 
Summer 1984 6 Chinese cabbage 15.6 15.6 
Summer 1984 7 Fallow 15.8 15.8 
Summer 1984 8 Fallow 17.6 17.6 
Summer 1984 9 Fallow 17.4 17.4 
Summer 1984 10 Fallow 14.8 14.8 
Autumn 1984 1 Mungbean 57.4 57.4 
Spring 1985 4 Soybean 67.3 67.3 
Summer 1985 6 Chinese cabbage 29.9 29.9 
Summer 1985 7 Chinese cabbage 46.2 46.2 
Summer 1985 8 Chinese cabbage 46.8 46.8 
Summer 1985 9 Rice 46.8 46.8 
Summer 1985 10 Rice 45.9 45.9 
Autumn 1985 1 Mungbean 29.3 47.6 
Spring 1986 4 Soybeai 56.7 57.3 
Summer 1986 6 Chinese cabbage 6.2 9.9 
Summer 1986 
Summer 1986 

7 
8 

Chinese cabbage 
Chinese cabbage 

9.0 
8.3 

14.2 
13.6 

Summer 1986 9 Rice 7.3 10.3 
Summer 1986 10 Rice 7.8 11.6 
Autumn 1986 1 Mingbean 62.6 81.9 
Spring 1987 4 Soybean 62.8 66.7 
Summer 1987 6 Chinese cabbage 11.0 11.9 
Summer 1987 7 Chinese cabbage 10.5 11.5 
Summer 1987 8 Chinese cabbage 10.8 11.8 
Summer 1987 3 Rice 15.3 17.0 
Summer 1987 10 Rice 10.5 11.5 
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Conclusion 

This study utilized a crop rotation system to evaluate different cropping patterns and the el'facts
 
of mulch and compost on tie yields o six crops. Results showed that:
 

1. Soybean and rice in a seqienuce cropp ing 3rcihot adeluatC crop rI tatliollSno continuouswith 

cropping hazards while maintaining relati'Cly high yields.
 

2. The cropping of'soywbean. rice and ti1mato arie recoinliime nded illthe spring.
3. Mungbean cropping is highlyv recomtin mended in suinmer, rice is also recoinuiended. 

a.InttClhi ne se 

recoliniended.
 

4. Ill Iin . caIba e and corn crppings, as well as tomato and soybean. are highly 

5. Application ol compost with mulching increased yield and suppressed disease in Chinese cabbage. 

Continuous Soybean Cropping 

Summary 

Since autumn 1983. sovbean has been cultivated twice or thrice a year, in spring sumininer and 
atLiin oii tile saie land. Sovbean vield has increased gradualiy eacIh year, and reached 4.6 t/ha 
in tie spring cropping of' I987. No cot tinuou s cropping haitard has beeii obse rved. 

Introduction 

Under inteiise faring, an adeqaite crop rotation should he adopted to avoid continuous cropping 
hazards. This project aiiied to determine flow long soNIlbCei.in C1i1 be cultivated coil ti tIOtISI Oil tihe 
same land in the tropics without a great decrease in yield. 

Materials and Methods 

Soyhbean has Ibeen culivated successively on the satmC land tiice t Car, his)ring and atutumn. 
since aUtumn 1983. experimental plots,,were covered with rice straw to save laborIn sumimier all tile 
on wceding and protect the soil from tile bel'ore tile rice straw was piO\ edrain. JuIst atRitin culti vation 
into the soil of the experiinlcital lplts. , harvest only the pods were harvested: the rest of the plants
\were plo\%ed into tle soil. Since 1986 sovbean had been culltvated illhree seliSOnlS. spring, SLninmer 
and autmn. The cropping sequenice is prcscnltcd in Figure 2. 

The experiment \was conducted using a split split-pilo design with two replications. The main 
plot consislCd ot tO culti ars. Kaohsiune no. 8 (KS 8i. \which is a broad-leaf type dominatl Ciltivar 
ii, Taiwan as a check and AGS 129 (narrow-leaf type Ias an AVRI)C advanced line. 1)etails of tile 
subtreatmients ill1987 are suniimari/ed ilTable I10. 

Year 	 IJan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1983 S
 
1984 107 L I[89]
 

1985 I 9I 88 

1986 117 _ 95 IF 

1987 I 8L I1-.- 1i6 E 


Fig. 2. 	 Cropping sequence of soybean. Numerals in the figure indicate days of 
growth duration. 

102 

http:soNIlbCei.in
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Table 10. Treatments used In continuous cropping of soybean In 1987. 
Main plot: Cultivars AGS 129 and Kaolsiung 8
Subplot : Compost application (30 t/ha) with and without fertilization 

(kg/ha) 

--

Basal 
Top 1 
Top 2 

N 
60 
30 
30 

P205 
90.0 

7.5 
7.5 

K20 
60 
30 
30 

Total 120 105.0 120 
Top I 0 ays after RI: Top 2 - 10 days after R4. 

Results and Discussion 

Yield and yield components. Thc soyhean yield of e;!ch culivar in continuous cropping
is presenitcd in Fliturcs 3 and 4. Soybean plants shoWCd no svin p)tOlis of contLi nuous cropping hazards 
cven after nine succcssivc culivations. The yield of the spring and summer croppings increased slightlyeach year and reached 4.6 and 3. I t/ha in 1987, respectively. On the other hand, the yield of the
autunl crop decreased everN vcar due to delaVCd sowinti liime. 

The spring croppings have produced significantly higher yields than the autunin croppings. Thesowing of tile autuinn crop. especially in 1986, was delayed ile to tile suminner soy acn crop. The
delayed sowing resultCd in 1an\ inimattre NccLsof AGS 129 duc to low tcmperaluL durine the lategrowth stage. However. KS 8 prodUced 2.9 '/ha of s'eCls hccauSC of 'iglOous growthi characterized 
hy its hroad-lealf and dctCrminatc cnotypc. 

Relation of total dry weight to yield. The yield of soybean cultivar AGS 129 increased
proportionally with increase in total dry weight (Fig. 5). A similar result was observcd in KS 8, but
when dry weight exceeded 24 g plant, the yield stopped increasing (Fig. 6). KS 8 is a broad-leaf 
type cultivar, therefre, vigorous eoctalve growth ill tie spring cropping mly have caused muLtual
shading of Icaves during the lite growth sta'e, resulting in increased iunlbers of emptY podts and
decreaCsCd iCld. on the oilier hand, is a narroAGS I2i), -leat and indcerminate txV)e cultivar: hence.

tuual shadin' was not Lir\ setis. s a result, the yield increased with increased total dry matter 
production.

In summary AGS 129 was more tolerant to higho-pultion cultivation and )crt'urlned heller in
tihc spring and summner croppno, While KS 8 %%assuitablC or tile autitlln cropping. l)ue to its broad
leal character. the initial 'rowtlh of KS 8 was Ifastcr than AGS 129 and it matured earlier. 

5
 
4.52 4.62 

4,31
4 4.03 

3.54 3.59 

23 281 

T 25 
'*'*- ', i 

1.56
 

... ... _, y.iAGS.. Fig. 3..:xhanges Inthe yield of soybean
129 in continuous cropping 

from autumn 1983 to summer0 x'8 1987. SP = spring planting, SU83AU'84SP R4AU 8 S,, u6'.P '86SU '8GAU '87SP'87SU = summer planting, AU = 
Cropping sequence autumn planting. 
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4.66
 
4.28
 

4 376 386 

3..
08 
287 X 27 

N.46 

X 

-2
 

Fig. 4. 
Changes in the yield of soybean 
KS 8 in continuous cropping 

A from spring 1984 to summer0X. -X 
84SP '85SP '8AU '86SP '86SU 86AU '87SP '87SU 1987. SP = spring planting, SU 

= summer planting, and AU = 
Cropping sequence 	 autumn planting. 

. .
5 2 	 5 2 r ...... 
o Spring planting 
o Summer planting 

4 7 	 00 47 C A Autumn planting
 
O O~ o
 

00 	 0 0 

4.2 	 oo C 00 0 42 Oo 

0 L 
o
 

03.7 	 37 o 0 ° 0 0 0 
0 

A10 

32 41 1 Spring planting 32 A 0
 

4 z], planting
Summer 

27Autumn 	 plantng 27 

27 	 22 L.n..A

14 7 20 23 26 29 14 17 20 23 26 29 
Tc(Qodry weight (g/plant) Total dry weight (g/plant) 

Fig. 5. Relationship between total dry weight Fig. 6. Relationship between total dry weight 
and yield of soybean AGS 129 in and yield of soybean KS 8 In con
continuous cropping from autumn tinuous cropping from spring 1984 to 
1983 to spring 1987. spring 1987. 

Contribution of each yield component to yield of different cultivars. Soybean yield 
seed number in Figures 7 and 8 I"Or cultivars AGS KS 8. respectively. 

The viclds of"both cultivars increased with increasing seed number. 'o obtain the same yield level, 
AGS 129 rcquircd more seeds than KS 8 because of its smaller seed size. 

The effect of I 0-sced weight on yield is shown in Figures 9 and I0. There was a seasonal vari.t ion 
in each cullivar. and the spring cropping produced higher 100-seed weight than the autumn cropping. 
Howev-r, th', component is characterized by the cultivar itself. KS 8 is a t irge-seeded cultiva', and 
it,100-seed weight vairicd from 21 to 23 g in the autuinn cropping and 22 it) 

was plotted against 	 129 an|ld 

34 g in the spring cropping. 
AGS 129 had an1average 100-seed weight of 14.5 to 16 g in thle autun cropping and 16 to 23 g 
in the spring cropping. 

Figures I I and 12 show the relat it between10I-sccd weight and sccl 1IL plai it ill culti\'arsunther PCe 
AGS 129 and KS 8. re'spectively. The relation between 100-seed weight and seed number in Ole spring 
cropping showed tha, the larger the number of seeds the lighter the 100-seed wcight. In the autumn 
cropping, however. tile I(00-seed weight aniid seed number showed no relation in either cUlti'ar. 
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The relationships among yield, seed numbe, and 100-seed weight are shown inFigures 13 and 
14. To obtain high yiAds of soybean in the tropics, it is more important to increase the seed number 
than the 100-seed weight during the spring clopping. A total of 18 to 23 g 100-seed weight and 5C 
to 65 seeds per plant is better .'omhination for AGS 129, while 29 to 35 g 100-seed weight and 
40 to 50 seeds per plant is heoci for KS 
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Fig. 13. Relationships among seed number, 100-seed weight and yield of 
AGS 1"9 in continuous cropping from autumn 1983 to spring 1987. 
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Training 

In 1987, 40 trainees from nine countries (Table 1) enrolled in courses covering nine different 
disciplines (Table 2) at AVRDC. 

AVRDC provided a total of 92.63 man-months or 7.72 man-years of training. About one-third 
of the time was provided by Plan[ Breeding and two-thirds shared by the eight other disciplines 
(Table 2). 

Only two out the of the 40 trainees came from the outreach programs in Indonesia and KorLa;
the rest came from the national/other programs (Table 3).

Tomato ranked first among the crops chosen by the participants as a subject of their studies, followed 
by soybean, Chinese cabbage, sweet potato, mungbean and pepper (Table 4).

Sixty-three percent of the scholarship funds were provided by eight sponsors (Table 5) and 37% 
by AVRDC. 

Table 1. Enrollment and period of scholarship, 1987. 
Countries No. of scholars 	 Man-months 

Egypt 	 1 1.0
Fiji 1 	 0.63 
Germany, Federal Republic of 2 	 11.0
Indonesia 1 	 3.0
Korea 2 	 12.0
Philippines 8 	 15.5 
Singapore 	 1 0.5
Taiwan 23 	 46.0 
Yemen Arab Republic 	 1 3.0
 
Total 
 40 	 92.63 

Table 2. 	Distribution of AVRDC training scholars by subject/discipline and period of 
training, 1987. 

Subject/Discipline RI RS RF PT SPT VS SST Total Man
months 

Plant Breeding 2 - - - 2 1 7 12 33.0
Plant Pathology - 1 . - - 1 2 10.0
Plant Physiology -  - - - 2 2 4.0
Entomology - - -	 - 6- -	 6 12.0Chemistry - - -	 1 - 6 7 12.63
Crop Management - - - 1 - 3.0- - 1 
Cropping Systems -  - - - 1 1 2.0
Information - - 1-	 - 1 12.0
 
Rand D
 

Management - - 8 
 - - 8 4.0
 
Total 
 2 1 1 0 12 1 23 40 92.63 

RI = Research Intern; RS = Research Scholar; RF = Research Fellow; PT = Production Trainee; SPT = Special
Purpose Trainee; VS = Visiting Scientist; SST = Summer Student Trainee; and R and D = Research and 
Development. 

r0
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Table 3. Distribution of trainees according to program, December 1987. 
Countries Outreach National/other Total Man

p;'ograni programs months 
Egypt 1 1 1 
Fiji 1 1 0.63
Germany, Federal Republic of 2 2 11 
Indonesia 1 1 3
Korea 1 1 2 12 
Philippines 8 8 15.5 
Singapore 1 1 0.5 
Taiwan 23 23 46 
Yemen Arab Republic 1 1 3
 

Total 2 
 38 40 92.63 

Table 4. Commodity Interest of the 1987 trainees. 
Commodity RI RS RF PT SPT SST VS Total 

Tomato . . . . 1 8 - 9 
Soybean 1 - 1 - - 6 - 8 
Chinese cabbage - 1 - - 2 4 - 7 
Sweet potato .- 5 - 5 
Mungbeam . . . . . 3 1 4 
Peppers 1 .- 1 - 2 
Others - - 1 - 9 - - 10 
Total 2 1 2 - 12 27 1 45 

ZSee Table 2 for details. 

Table 5. Training sponsors In 1967. 

Asian Vegetable Research and Development Center 
Asian Development Bank/Indonesia - TA No. 5119-INO 
Second Laguna de Bay Irrigation Project - National Irrigation Administration/Philippines 
German Agency for Technical Cooperation
German Agency for Technical Cooperation/Rural Development Project Al Mahwit Province, Yemen 
German Academic Exchange Service 
United States Agency for International Development/Egypt 
United States Agency for International Development/Fiji 
Eastreco/Nestle, Singapore 



Tropical Vegetable Information Service 

Tropical Vegetable Information Service 

Summary 

The Tropical Vegetable ilorniation Service (TVIS) is a inultidiscipline. nulticonponerit activity
coordinated by the l)evelopment Program. The inain activity of TVIS is the inplementation and 
coordination of the Il)RC-funded TVIS project. The TVIS related literature data bases contain over 
7.393 processed records and will continue to be expanded. A total of 16 publications had been completed
and I I additional publications are e\pccted to be published by the end of the first phase of the project. 

Introduction 

The Tropical Vegetable lnl'ortation Serv ice (IVIS). a mulhidiscipline, mullicoinponent activity.
is coordinated and administered by the Development Progran.

The TVIS pro*ject was initiated at AVRI)C on I Juin 1984 with a grant Irion the International 
l)evelopment Research Centre I)RC( of Canada. The coordination of the project was transf'erred 
to the I)evelopment IPrograni in April \'hen it w\as' created.1980. This project "',as established to 
strengthen and C\pand the e\sting specialied inffn'atio activities on vegetables in the tropics. The 
\eetahles speciicalkl. cos..red b\ the grant are nlunhlbean. soybean and Chinese calbage.

The inforruation tra.,flr activities r1Iruungbean. so\ bean and Chinese calbage ilnclude: Svirposia.
nel\,etters. bibliographies. technical or farlners publications and state-of-the-art review\s. "'lerefore. 
the specific project objecli\ es arc to: (I ) collect, store and analvze documents on mnungbean. soybean
rutS and Chinev cabe:hgo (2) establish a compueriized inforlation retrie\ al s\stem using MINISIS: 
and (3) conLIduclt ai\kshp vlpmutm on inulgbean is a iellSarsf bring'ing tocether \orld scientific 
reserves on this crop. The eptecred project outputs are: di\C of inlf,,n;,atioll(1) selectiC semination 
(SDI). documInent deli\cr\, ald quLestiOn, aind ans.er ser\ice: (2) iringLbean siybean rust and Chinese 
cabbage bibliographies: (3) triannual ne\%sletter (tile issue de \oted to sobean rust): (41 technical 
bulletins and farrner,, manuals: 5) statc-t-ihe-art rcic\, sbr Chinese cabbace and soybcan: (6)
directories of tropic and subtropic research personnel working on inmtrghean. sos bean and Chinese 
cabbage: and 7 rIrLrungbeanl sup)osfiurn1 proceedings. 

Accomplishments 

TVIS Documents Published. l)uring the first 3 1
, \ears. the progran published and distributed 

widely through the AVRDC mnailing list 17 docunerits listed in Table I 

Status of TVIS Literature Data Base. The AVRDC Librar\ w%,asresponsible for establishing 
a conrputerized inforniation retrieval system using the MINISIS programn: and for collecting, storing
and analy/ing docunients on rungbealr. soybean rust arid Chinese cabbage. The Librarv was also 
responsible for prov iding the [)flice of Inforination Services ()IS) with liel\ processed data base 
records l*0r publication in 1'15 ,.'Ys. :rd the appropriate data bases for Publicatio of,the bibliog raphies.
The total nurirber of records in the Iibrarv's TVIS bibliographic data base is 7.393. of Mhich 3.761 
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(51 '()records are accoipanied bx an abstract. Itald copy doctinicnts are available for nearlyIall of 
the 7.393 data tk se recordIS alld the LIOCIIentsIn, n10t available are currentl )bcing Owde reI. Full inforination 
concerning the s'atu,, of the TVIS literature data hase are listed in Tahle 2: 

Table 1. TVIS publications published since 1985. 

Publication Data completed 

Newsletters 
TVIS News Vol 1. No 1 February 1985
 
Soybean Rust Newsletter Vol. 7 October 1985
 
IVIS News Vol. 1. No 2 November 1985
 
TVIS News Vol. 2, No I March 1986
 
Soybean Rust Newletter Vol 8 June 1987
 
TVIS News Vol 2. No 2 June 1987
 

Bibliographies 
Annotated Bibhograph, of Diamondback Moth (Chinese cabbage) February 1985 
Soybean Rust Bibhiogr iphy September 1987 

Technical/Extension Reports/Manuals 
Agromyzid Flies of Some Native Legume Crops in Java September 1984
 
AVRDC Soybean Evaluation Trial (ASET) December 1985
 
International Muigbean Nursery, Reports December 1985
 
Chinese Cabbage Proceedings (reprint) February 198 i
 
Assessing Rain Sn, s)n Vegetable Production Alternatives:
 

A case study io tlp)struenl farriirig systems research May 1987
 

Chinebe Cabbuge Cultturl Practices In the Tropics August 1987
 
Soybean Varietal Improvement Workshop August 1987
 

Thesaurus
 

Tropical Vegetable Thesaurus 1985 

Abstracts 
Abstracts (IMugbean Symposium) November 1987 

Table 2. Status of the TVIS literature data base. 

Data base Abstracted Scientific editing On order 

Soybean rust 338 338 321 23
 
Soybean 1828 143i 597 12
 
Mungbean 3973 1534 919 140
 

(diseases and pests) (801) (801) (801)
 
Chinese cabbage 1254 452 36 128
 

Total 7393 3761 1873 303 

Question and Answer, SDI and Document Delivery Services. I)uirne tie reporring period
 
ruin June 1986 to June 1 arid anser I\ .C rclatCd to InC I %'ISCrops
IW7. tie .\'RI)("tUetinni , 


irll.ritlk file rcspol hii (It d Pildi l scientill l', rihOd.
.ltx thC (AS Ila illl l)lr"g fl p ( )IS rCCCiVed 
252 nndh\ idual rCLue',', tio;i 77 dl'tlctc counLrie,s tCriIie. (I these requsts,. 21 S ereI or 

informnationi onml% h lll I 5 loh inulr ea andi 12 hli('linnesc lhe ,,1CSicintific ,tall receivedbean. abbac 
qluestionl and promdled anst cr idis dul', Inn1 ari1.440 urn solnean1 I. 112 I1) 'counties.444 on rinurrh1 
arid 2:2 on (h " n.,I.lilnisLc' 

lihe AVRl)(" Iirar I)ocu pis tdted arid Stliiiarid iullanLIrn h.a,, SI)s t1 127 irdi,, dlsd i, iiIS 
ilimhout thC \orld. 11has. ;al',(o lo ard delis ed 192 dcurIrCrris intclhting 84rcCn\Cd rCquci,,I, 
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Oi so\'bel. 99 on munehean and 9 on Chinese cabbage. The documents were sent as 1.088 pages 
of photocopy to ninc ountries, namcI. . Bangladesh. Canada, Cuba., Indonesia, Peru. Singapore. 
Thaikd, the U nited Kingdoii and tle U.S.A. 

Mungbean symposium. The Second International Syxt sipsui on Mungbean as successfully 
ConMd ucted from1 6I to 21) Novciher 1987 in Bangkok, Thailand. A total Iof' 207 participants from 
31 countries attended the Syposiumn where 78 papem s .vere presenlted. 



AVRDC-lndonesia Bilateral Program 

This report presents tie results of research on Chinese cabhage and tomato trials in 1986-87 in 
connection with the cooperation between the Agency i'f Agricultural Research and 
lDev'elopment / lelnbg Horticultural Research Institute (AARI)/I FHRI)t l'lInonesia and AVRI)C.
Alth1ugh some trials had heen reported hv l)r. Ill egchai Tonguthaisi. former Resident Scientist 
at LI.EI-RI. arc inl this report to overall idea of' hio%his data cited cet an the accessions pcrformed 
in dillerent locations and ,easons. 

The trials e,re carried oitt in Lemaneh (1.25) 1n abo\e sea lccl). Berastaei; North Suniatera 
1.4(X) illa.s.l. ). Subang,1 in .,.l . )and l)elta Upang!South Sn as I.. i.e. transiligrationilera (2il, 

and s\wampy area). Research at Universitas Islam %Lflan on Chinese calbae \aricty trials carried 
out illIawang 50t) i above sea level) usine AVRI)C accessi'.s is also included ilthis report. 

Chinese Cabbage Variety Trials 

Materials and Methods 

Fiv'e trials were carried out b\, LjFHRI and one by ULiversitas Islam Malane. A randomized 
complete block design was used, with three to six replications depending on tie number of accessions 
being tested. T, ant-four seedlings were planted on a 6 Il-' plot. except in )elta Upang with I0 
seedlings per plot, and -a plant distance of 6(1 >' 50 cmu. Stable manure at 15 t /ha was applied on 
the holes one to three days bef'ore transplanting. along with 100 kg P,O0ha. 100 kg Ke0/ha and 
50 kg N/lha. The remaining nitroucn fertili/er, 50 k- N/ha. was applied four weeks later. 

Results and Discussion 

In the first trial in l.enbang, the early gro\, th of' tie seedlings illthe field looked norni1a1 but 
later the plants showed \'cr\ slow growth. The plants were vigomous in the morning but wilted durin 
the day due to clubroot infection. There was no entry that sho\ed resistance to this disease. 

Hybrid 82-46 performed \%ell in head quality,. tilirmity and yield in the lowlands, However. 
this hybrid as ,ellas 77 N 2/31-43 showked susceptibilit\ to 1l ting in the highlands. H,.hrid 62 
(ASVt-G I )had the best perftrmance among the entries: it \kS.searly. uniformiand high yielding in 
the lowlai Lds as \\ell aS I the hildanid,. ()ther hyhrids which so\ked better perfhiiiice than.lutie 
control varielies v,,crc IlIhrids 82-157. 83-2 and 82- 156. 

Ilieher .yields \ere Obtained ill Laamig at iiediotili elevation comipared to tliose planited inl the 
highland and by, land prIibabl. de t the hieher rate I I'rtili/crs applied (lablc I).The rIte of lertili/cr
application at iiiodium ele\atioi wa,, 201 ke N ha. 80 kg I,(), ha and 150 ku lK.,()ha,while in the 
highlands and I4iv lands it was I() kg! each (i N. 1)( ),and K() ha. I)a\ maturity and me1Ca1lnto head 
weilt of Chiiiese cabhac e ablated in live locations are preseited in Tahle 2. 

The \arietics tested in I )elta Ipang pri duced 2u0d viChls. he laud arca ii I)elta U p;ing is sainpy, 
with lo. pH (4.8) aiLd during the gio\ing.period the plants were vatcred wkilh saline ,kater. 

4) T'~N 7 'ICA3 
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Table 1. Yield of Chinese cabbage in ;ve locations.
 

Yield (t/ha) 
Entry Lembang 9erastagi Lawang' Suba,,g Delta Upang 

(1250 m) (1400 mi) (500 11) (100 n1) (2 im) 

82-46 5.5 d 54 c - 11 8 a 29.2 a 
82-156 10.7 bc 18.1 at) 7.9 ab 
82-157 12.4 abc 16.8 ab 12.3 a 
83-2 9.5 c 16.9 ab - 10.5 a 
83-20 12.4 abc 19.1 ab - -
Hybrid 62 15.9 a 17.5 ab 42.8 bcd 131 a 35.0 a 
Hybrid 58 - 54.6 cd 6.7 ab -

Hybrid 59 -- 58.6 d -

Nagaoka F1 14 4 ab -- - 

77 M(3)-26 -- 42.8 bcd 

77 M(3) 2 l 7 abc 22.5 a 47 8 bcd - 

77 M(3)-33 - - 36 5 ab 
77 M(3)-35 12 9 abc 19.4 at) 24.6 a 0.9 b 
77 M(3)-40 10 7 b 16 5 ab 46.2 bcd - 

77 M(2/3)-41 - - 38 3 abc - 

77 M(2/3)-43 10.4 be 15.8 b 43 4 bed 2.5 b 
7- M(2/3)-46 9 7 bc 19 7 aib 3.8 b 
B-,10 11.8 abc 18 3 ab -

Sarngihe 9 9 bc 18.7 at) - 1 4 b 28.2 a 
Talaud 12 3 abc 16.3 ;,1) 3.0 b 28.7 a 

Estimated yield from 50.000 plants/ha. 

Table 2. Days to maturity and i;-ean head weight of Chinese cabbage in five locations. 

En try . . . . . Da . .. o maturity' . .. .. Mean head weight (kg) 

Lbg Big Lwg Shg Du Lbg Btg I wg Sbg Dii 

82.46 15 (Jet 65 60 49 a 040 abc 0 58 ab 0 7-1 
82 156 14 gh 69 60 - 032 bc 05.1 0,6 b -
82 157 -13 gh (68 60 0 37 abc 0.50 057 ab 
83.2 13 gh 64 69 0.30 c 051 057 ab 
8320 45 eh 67 - 038 abc 057 --

Hybrid 62 42 11 68 e1s. V 51 49 a 0.52 a 052 086 bcd 0.19 al) 085 
Hvbrid 58 44 60 -- 1 09 cd 050 at) -

Hybrid 59 55 - - - . 1 17 (1 
Nagaoa F, 54 ab -- 0.46 atb -

77 M(3) 26 - 1s - -. 086 bcd 
77 M(3) 27 49 cde 67 ns - - 0.42 abc 0.69 096 bcn -
77 M(3)-33 - - 1s , - - . 0 73 at -

77 M(3) 35 50 b cd 65 1s 62 - 0.40 abc 0 58 0.49 a 0 56 ab 
77 M(3) 40 -16 d-f 67 n s. - - 0.36 bc 0 49 0 92 bed - -

77 M(2,'3) 41 - s1 .f 0 77 abc -

77 M(2.'3) 43 -1? 1 64 r s 61 - 033 bc 047 087 bcd 046 al) -
77 M(2/3)-46 45 ei 67 60 - 031 c 059 - 0.52 at -
B-40 56 a 68 - - 036 c ) 55 - - -

Sangihe 52 b c 64 62 49 a 0 31 c 0 55 0.6 a 0 69 
Talaud 18 ( f 67 62 19 a 038 abc 0 49 - 051 at) 0.74 

Lbg . ' ~bigBig b Liil [ .g I iwirig. 5 ig - iing imfi Dl [)itlt Upwjg Fii - 10 I iibI di ta 

Tomato Variety Trials 

Materials and Methodr 

I-our trials wete conducted in ILethang aid SulHg in dry and wet seasons. Intihe dry season. 
30 entries in Lenhang and 37 entries inSubang were used while in the "%ct season 24 entries s\crc used 
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in Leibang. A randoinized complete block design was used, with 12 seedlings per row, and a distance 
ol'60 cin bet wcen rows and 5(1.cni within the row. Stable inire at 30 t/ha was applied in t each 
hole along with 100 kg 1) )05/h,iand 10(0 kg K,(lha and 50 kg N/ha. The remaining N fertilizer 
was applied 30 days later :,,50 kg/ha. 

Results and Discussion 

Dry season tr;als. 'hCe vCI-e si\ high-viCldiLti lines in the highlands. i.e. L(; 154-1208, 
1,S1.-36-3 (. LS1'-34-610 ), lerlu-6. I1.(-!53-553 and Iierlu-6 (Table 3). The L(i selections were the 
'esult of SSI) sClcCioh o1 (;ondol X it.in ant1d IolldO] < Ratna crosses made h\ )r. R. "'.()pefia

of AVRID( at lerilhane. 11h SIU selections \were crosscs front sCgrcatiuc l Ol niOisof1Lousiana 
State 1lnicrsit\ (iSA) . hile lerlu nunihcrs were wlections froin lerlian. Aboti 26.6 to 32.4"; 

Table 3. Results of dry season trials, Lembang and Subang, May-September 1986. 
Wt. of marketable fruit Marketable fruit Estimated total 

Entry 1,r plot (kg) yield (t/ha) ,eld (t/ha) 
Leibang Suhang Lembang Subang Lembang Subang 

Kingkong F1 11 63 kI 2.50 c-g 7.9 5.0 9.1 5.1

LSU-34-6-0 18.38 ,ac- 1.10 e.g 14 9 (3) 2.2 16.1 (1) 2.2 
LSU-36-3 0 18.52 ae 0.60 e-g 15.8 (2) 1.2 16.9 (2) 1.2 
LSLJ-37-7-0 12.04 j- 6.70 a 9.6 13.4 (1) 11.3 13.7 (1)

LSU-39-2-0 12.97 g-I 2.30 c-g 9.8 
 4.6 11.2 4.7 
LSU-4020 12.85 h-i 1.50 e-g 8.4 3. 9.6 3.1 
LSU-42-6-0 14.62 d-k 3.90 a-f 10.6 7.7 (6) 11.7 7.9 (6)

LG 153-21 7 - 040 fg - 0.8 - 0.8

[_O 153-232 13.60 g-1 11.9 
 - 13.1 -

LG 153-332 14.10 e-k 020 g 11.8 0.4 12.9 0.4
 
LG 153-459 1595 c-k 0.45 f-g 98 0.9 10.9 0.9

LC 153-488 1227 i-I - 10.8 11.8 -
LG 153-553 18.81 a-d 5.50 a-c 13.9 (5) 11.1 (3) 14.8 (5) 11.4 (3)

LG 153-698 11 7' k1 0.90 4-g 11.5 1.9 
 12.6 1.9
 
LG 154-858 17.14 hh 5.20 a-d 11.2 10.4 (4) 12.0 10.7 (4)

LG 154-1028 13 51 g-I - 11.9 - 13.3 -

LG 154-1208 Ic 1 aC - 17.1 (1) - 18.1 (,) -

BerIJ 0 2, )7 ab 3.20 b-g 14.3 (4) 6.4 15.2 (4) 6.5
 
Berl-I1 14.91 d-k 6.20 a-b 11.8 12.5 (2i 13.1 12.8 (2)

Berlu-2 16.04 c-k 3.50 a-g 11.9 6.9 13.0 
 7.1 
Berlu-3 16.64 1I) 1.40 e-g 11.3 2.9 12.3 2.8
 
Berlu-6 22.37 a 2.10 c g 13.8 (6) 
 4.2 14.6 (6) 4.3 
ITH - 1 18.22 c-f 2.20 c-g 11.2 4.4 12.0 4.5 
ITP •7 14 13 e-k 290 b-g 9.2 5.9 10.2 6.0 
GDH-[ 2 13.13 g-I - 9.9 - 10.8 -
GDH-BL-1 17.54 b-g 129 - 13.9 -
GDHBL-8 9 30 I 7.9 - 8.8 -
CL 11 D-1-2-0-66 -- - 5.5 
CL 5915-93D. 1-0 2.00 c.g 3.9 - 4.0 
CLN 95-280D .)1 0.60 c-g 1.1 - 1.10 . 
CLN 95-280[): 4 0 4.20 a-e - 8.4 (5) - 8.7 (5)
PT 858 c,i-ectinri 3 30 a-g 6.7 - 6.8
PT 862 selection 2.70 h-g - 5.4 - 5.5 
Taian Sed No. 2 13.80 f-l 2 00 e-g 11.0 40 12.1 4.1 
Berhan 16.77 hi 1 10 e-g 10.9 21 11.8 2.1 
Berhar O 16 58 c1 1 80 d-g 108 3 5 11.6 3.5 
Gondol 12 19 001 g 041a-I) 10./0 1 1.i 0.04 

C.V 15.1 731 
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ol all of the entries were infected by late blight, while the bacterial wilt infections were low, ranging 
from 4.3% to 7.6%. 

In the lowland only four entries yielded more than I(0 t/ha, i.e. LSU-37-7-0, Berl-Il, LG-153-553 
and LG 154-858. Six entries could not survive the environmental stress (heat) even if straw mulch 
was applied. 

Wet season trials. Nine AVRDC lines gave better yield than Ratna. i.e. eight FMTT lines 
and one CL 5915 line (Table 4). However, only three varieties gave total yields of' more than 10 
t/ha. i.e. FMTT 19. FMiT 18 and MITT 16, and only two gave marketable f'ruit yield of more 
than 10 1/ha, i.e. F'MTT I1 and FMT'F 18. Late blight infections ranged from 0 to 35%( and bacterial 
wilt from 5% t,., 157. 

Table 4. Results of wet season trials at Lembang, November 1986. 
Wt. of fruit!plot (kg) Yield (t/ha) Days to Fruit size 
Total Marketable Total Marketable maturity (g) 

FMTT 3 4.8 a-f 4.6 a-g 6.9 6.6 94 43 f 
FMTT 4 5.7 c-g 5.4 c-g 8.2 7.7 97 40 c-f 
FMTT 13 6.9 e-h 6.6 f-i 9.8 (5) 9.4 (4) 95 45 f 
FMTT 16 7.2 f-h 6.8 g-i 10.4 (3) 9.8 (3) 94 39 c-f 
FMTT 18 8.0 g-h 7.5 h-i 11.5 (2) 10.7 (2) 94 32 a-c 
FMTT 19 8.5 h 8.2 i 12.2 (1) 11.7 (1) 96 35 b-e 
FMTT 21 6.3 d-h 5.9 d-i 9.0 8.5 94 34 b-e 
FMTT 22 5.6 c-g 5.1 b-g 8.0 7.2 94 42 f 
FMTT 23 7.0 e-h 6.5 e-i 9.9 (4) 9.3 (5) 9/. 53 g 
CL 5915-39D4-1-2 4.1 a-d 3.5 a-c 5.8 5.0 90 29 ab 
CL 5915-39D4-1-0-L-2 4.2 a-d 3.7 a-d 6.0 5.3 94 33 a-c 
CL 5915-93D4-1-0-0-1 2.8 a 2.7 a-b 4.1 3.8 96 35 b-e 
CL 5915-153D4-3-3-0 4.5 a-e 4.2 a-e 6.5 6.0 94 34 b-d 
CL 5915-206D4-2-1-0 4.7 a-e 4.3 a-f 6.7 6.2 94 40 d-f 
CL 5915-206D--2-2-0-4 2.4 a 2.6 a 3.4 3.7 95 30 ab 
CL 5915-206D4-2-4-0 6.1 d-h 5.6 c-h 8.8 8.0 98 41 e 
CL 5915-206Di-2-5-0 4.7 a-e 4.4 a-g 6.7 6.4 81 34 a-c 
CLN 65-349D5-2-0 2.6 ab 2.5 a 3.8 3.5 90 27 a 
Ratna 5.0 b-g 4.1 a-d 7.1 5.9 93 35 b-e 
Intan 3.5 a-c 2.6 a 5.0 3.7 94 27 a 

Agronomy of Chinese Cabbage in the Lowland 

Agronomic trials of Chinese cabbage in the lowland were carried out in the dry and wet seasons. 
The trials consisted of studies on the effects of (]) mulching and planting distance on Talaud varietX 
and (2) liming. nitrogen and phosphorous fertilizers on Chinese cabbage. 

Effects of Mulching and Planting Distance 

The experiment aimed to study the effects of mulch application and planting distance on the growth 
and yield of Chinese cabbage in the dry season in the lowland area of Subang, which is 100 muabove 
sea level. A randomized block design with four replications was employed. The treatments consisted 
of eight conbinations of'mulch application and planting distance with single and double row plantings. 
Results showed that mulching and planting distance significantly influenced the growth and yield of 
Chinese cabbage, but these effects varied depeiding oi the variables observed. 
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The MA1)4 treatment had the best response in terms ol plant growth, especially on the increasing leal 
canopy diameter it the plants. T1reatmllnts NI i). had high yield hut these were not significantly 
difel'rent. MoD 2 treatiiient produced the longest head ('able 5). The effects of inn Ilching and planting 
distance in double row planti ng of Chinese cabbage unler Iowia d Conldit iOS in Suballg reed to be 
stidied further. 

Effects of Lime Nitrogen and Phosphorous Fertilizers 

Ilhe stud' on the effects of linin., nitrogen and phospnhorous Icrtiiizers oi Chinese cabbage var. 
SaneihC waS carried 0ut ill SUbal-n (It0il n aI.) in dr season frot ALugust to October 1986 as well 
as in wet scast oln lrt milI)e : iber 1980 to February' 1987. A split-plot design with three replications 
waS useId in each sCason, L.iniin vs. nonliiin, was the main plot and I0 treatment combinations 
of N a1nd l Were sed aS, s.bplts. 

Inl the dry Season, plant height at four weeks alter translanting (WA'I) and Can1)opy diameter 
at two WA were signific.antly increased I lilie alpplication liming increased total yicl by 22.5, 
and head vield h\ 14.0(;. [nrali plant growth and head yieldIn he cflects of N) Ireatients oIn 
of ('lhinese caaa c %\crcSi,.iinilicant., dil lin. IHoweve r. inleractionm between the two tcltor treat tenlts 
wa,,not sienilmcailly inllueneed bv the variables observed. II this e\perinient. the highest head yicl 
of" Clhines,e calbbeil \ as attained h\ applying N,11, (Tle 6). 

Table 5. 	Effects of mulching and planting distance on canopy diameter, head weight 
and head size. 

Treatment 	 + Canolpy di anmieter (DAT) " Head M Head size tcn) 
15 30 10 (f1a) Length Diameter 

MOD, st, 60 x 10 cm 22.3 c 39.3 h ,13.9 ) 10.5 c 15.9 abc 8.4 a 
MD- dr. ,1 x 40 cm 27 4 ab 401 b -1,1.3 al) 125 abc 17.6 a 7.8 a 
MODf m, 60 x 30 cm 28.1 ab 39.2 h -14.8 a) 12.4 abc 16.3 ab 7.7 a 
MnD.. di. 40 x 30 cim 26 5 h 39.5 h 44.7 ab 15.5 a 16.5 ab 7.2 a 

MjD, sr. 60 x 40 cm 28.4 at) 39.0 bc 44.7 at) 109 bc 15.9 abc 7.8 a 
MID: dit. 10 x ,40 c11 30.0 a 42.1 ab 13.7 1 15.5 a 15.8 abc 7.6 a 
MID s. 60 >. 30 cm 26.6 b 32.8 c 155 ab 12.3 abc 14.1 c 8.0 a 
M1D4 (i,. 40 30 cm 30 7 a 44.2 a 48.3 a 14.9 ab 15.4 bc 7.3 a 

CV.) 	 766 5.12 5.45 19.17 8.16 12.07 

"DAT - days aft:, transplantin g 

Table 6. 	 Effects of lime, N and P fertilizers on plant height and diameter of Chinese 
cabbage var. Sangihe in dry and wet seasons in the lowland. 

Plant height (cm) Canopy diameter (cm) 
treatment 4 WAT' 6 WAT 1 WAT 6 WAT 

DS WS DS WS DS WS DS WS 
Lo 22 ) 16 a 26 a 16 a 35 a 27 40 a 24 a 
Li 25 a 17 a 29a a17 35 a 27 ,42a 26 b 
C.V. (%) 6 7 9.68 12.83 31 48 7.69 7154 16.94 7.74 
NoPo 20 c 11 a 25 ) 12 a 31 hic 16 i 1,a 17 a 
NIPI 23 h 16 1) 27 b 16 cd 34 abc 26 b 42 a 25 cd 
P2 
P3 
N2 PI 

24 ah 
24 ab 
24 ah 

16 1 
15 ) 
18 c 

26 1) 
28 ab 
27 ab 

15 bc 
14 ab 
19 cd 

35 c 
32 c 
34 abc 

27 hc 
24 b 
31 d 

41 a 
41 a 
40 a 

25 
22 1) 
28 coi 

P-, 25 a 18 c 27 ab 17 cde 36 ab 29 cd 40 a 26 cd 
P3 24 at) 18 c 27 at) 17 cd 37 a 29 cd 43 a 27 cd 
N3P] 25 a 19 c 30 a 20 c 36 a 30 cd 41 a 27 cd 
P2 25 a 18 c 28 ah 17 cde 37 a 29 cd 41 a 28 d 
P3 24 ab 18 c 30a 18 cde 35 abc 29 cd 41 a 27 cd 
C.V (%) 6.94 6.81 7.85 6.52 16.94 10,30 

'WAT = weeks after transplanting. 
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Agronomy of Tomato in the Lowland 

Experiments on the agronomy of toniato in the lowland were carried out in Subang in the dry

and wet seasons. The experiments looked into the effects of: (I ) mulching and plant spacing system
 
on Berlian variety, and (2) liming. N and P fertilizers on Berlian tomato in the dry and wet seasons.
 

Effects of Mulching and Plant Spacing 

'1he effects of mulching and plant spacing on the growth aihd yield conponents of the tomato
 
variety Berlian was studied in a fanmer's field in lowland Subang. about 100 in above sea level, from
 
September to l)eccniber 1986. A randomized block design with four replications v.,,seiiployed. The
 
treatments consisted of eight combinalions of mulching (with vs without straw nulclh) and four plant
 
spacing systems (sinigle row. 60 x 40 cii: double row. 50 x 40 cm: single row, 60 x 50 cm; anddouble row, 50 x 50 cn). Results showed that mulch;ng did not significantly affect the growth.
However. vield coinowients tended i increase with tIle straw mulch. Applying strawapplication (f

mulch increased total vield by 9.65%," and marketable yield by 9.7% compared to the treatmei nts without
 
mulching. The best planting system under thi:.,
experiment was single row with 60 x 50 cur spacing
 
conibined with mulch application
 

Effects o Lime, N nd P Fertilizers 

Fxperinients were carried out illSubang in tie dry and wet seasons froi August to November
 
1986 to study tile
elfects of' liie application and N and P fertilizers on the growth and yield of tile 
tonato variety Be -lian in tilelowland. The treatroents used were liming as the nlain plot and eight
N and P combinations as the subplots. A split-plot design with three replications was employed in 
each season. 

Ilrtiledry season. there was no significant interaction ariong tie treatiients on the growtl and 
yield of tomato. -1owever, the N and P fertilizers significanl increase,, growth and yield. The fertilizer 
conibination of 90 kg N/ha and 45 kg lO5s/ha increased grow rh and yield. The effects of linie. 
nitrogen and phosphorous fertilizers on toiato yield are presented in 'able 7. 

Inthe wet season, no significant interaction was observed between lime, N and P fertilizer. N 
and P fertilizer comibination had I significantly different effect on plant growth which depended oin 
the stages of plant growth. 

Preliminary Trials of F, Seed Production 
of Chinese Cabbage Hybrid 62 

Twvo parent lines of Hybrid 62 (ASVEG I )were received from AVRDC for preliminary F, seed 
production of Chinese cabbage in leibang. The first trial airiic- to obscis c tilevernalization 
requirement of both parents to induce their flowering. The F, seed production trials were then carried 
out. Seeds of both parents were sown in different petri dishes and vernalized ior three weeks. 
Unfortunately. one parent seed gerriniated less than the other parert. Therefore, tie seedlings were 
planted in 1:2 proportion in plant ntuniber. Then seeds of beth parents were again sown. vernalized 
and planted using the saic proportion; wo rows of each .,rent were planted alternately. The first 
trial was friom 23 Jul\' to 14 Noveriber 1987 w\ic tilesecond trial was Irn 4 August to 7 Decenber
1987. It seemed that parent I wa, imore productive than parent 2. The yield of FI seed is presented 
illTable 8. 

Multilocation Trials of Chinese Cabbage and Tomato 

Five Chinese cabbage hybrids and one opcn-lpollinatcd variety were used for iiultilocation trials
in three lowland and two medium elevation areas in Java. At tie sarue locatioln and time, two 
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LG lines (originated from SSD selection) and seven local selections were tested. The trials were 
conducted in dry and wet seasons. The locations were: Subang (100 in a.s.l.), Purwokerto (65 fi 
a.s.l.). Probolinggo (2 in a.s. 1.), Cicalengka (400 i a.s.!.) and Muntilan (500 in a.s. I.). The Chinese 
cabbage hybrids tested were: Hybrid 62 (ASVEG 1), 82-46, 82-157, 83-2, Hybrid 58 and 13-40 (open
pollinated variety). The lomato varieties were: GH-5, Berlu-6, 4210, IG 154-85e, I.G 153-553, CI. 
5915-93D4- 1-0, CL 1131-0-0-43-8-1, CI, 1131-0-0-7-20-11 and CLN 95-280D5-4-0. The first season 
trial was started in Seplember/October 1987 and will be completed in )ecember 1987/January 1988. 

Table 7. Effects of lime, nitrogen and phosphorous fertilizers on tomato yield in dry and 
wet seasons in the lowland. 

Marketable fruit yield (kg) Estimated yield (t/ha)
Treatment ----- -_____- ___________DS (10 plants)' WS (10 plants)y DSX WS 

Lime (t/ha)
0.0 5.4 a 8.1 a 17.3 26.7 
1.5 5.8 a 14.0 b 19.1 45.9 

C.V. (%) - high 

N-P fertilizer (kg/ha)
0-0 3.2 b 8.5 a 10.6 28.1 

45-45 5.4 b 11.2 ab 17.8 37.0 
-90 4.4 ab 7.1 a 14.5 23.4 
-135 5.5 ab 10.5 ab 18.0 34.6 

90-45 5.9 a 14.7 b 19.4 48.6 
-90 5.6 ab 8.1 a 18.4 26.8 
-135 5.8 a 10.6 ab 19.0 34.8 

135-45 6.5 a 13.8 b 21.5 45.4 
-90 59 a 14.0 b 18.4 46.4 
-135 5.7 a 11.5 ab 18.9 38.0 

C.V. (%) - high 
/Source: Yusdar. Human and Suwanci. 1987. Effects of limning and N-P fertilization on berlian variety of tomato. 
Research Report, LEHRI. YSource Yusdar and Hilman. 1987. Effect of lime and N-P fertilizer application on 
Berlian variety of tomato in rainy season. Research Report. XDS - dry season, WS = wet season. 

Table 8. Yield of F, seed production of Chinese cabbage, Hybrid 62, Lembang. 

Trial 
Ratio of 
parent 

Number of plants 
..parent 1 parent 2 

Total seed yield (g) 
parent 1 parent 2 

Seed yield/plant (g) 
parent 1 parent 

1 1 row:2 rows 15 35 28.5 21.5 1.9 0.6 
2 2 rows:2 rows 40 40 47.4 25.9 1.2 0.6 

/Source: Permadi. A H. 1987. Preliminary trial on FI seed production of Chinese cabbage, ASVEG 1. Research 
Report, LEHRI. 
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Breeding for Heat Tolerance in Chinese Cabbage 

More than 100 combinations have been tested as of 1986 to breed heat-tolerant Chinese cabbage
hybrid with compact heading form and better quality *han that of "Sambok" and "Manha", whi.h 
were released for lowland summer cultivation in 1981. Each year several promising coilbinations 
with good heading form and high h.rvc.st ratio, etc. were selected and tested. However, disease 
resistance and harvest ratio were usually not reproduced accordingly due to heavy and/or long rainfall,
which caused the plants to be infected by solt rot, downy mildew and bacterial rot disease. Consequently.
tfie numlber of' surviving plants was seriously diminished. 

Seedtimes of all trials until 1986 were around late June which was the worst cultivation season 
because of high temperature and heav, rainfall. Thus. to escape those critical periods, four different 
seedtimes: 5 June, 30 June. 15 July and 5 August with 13 combinations were tested in 1987. Ten 
cembinations were :;elected in 1985 and 1986 and the other three were new ones derived from B- 18,
introduced Irom A VRDC. crossed with three different lines and obtained in 1986 by single-seed-descent
method, SSI)31-2, S51563-2 and SSD139-3. During the first seedtime, only the former 10 combinations 
were tested with the 1986 seeds. 

Characteristics of Parenis 

The characteristics of 10 parent lines used for combinations are shown in Table 1. Five HES 
lines showed compact heading form but the ether five lines from AVRDC were overlapping. Maturity
of the former was rated middle to late while the latter was "xtremely early to early. The former was 
more susceptible to soft rot but more "esistant to virus than the latter. SSD139-3 was the heaviest 
among all parents. The number of leaves of SSD 139-3 'vasalmost 60 but tile others were below 45. 
SSD139-3 was also resistant to both sofl't rot and virus, thus it seemed to be a good material for breeding 
heat-tolerant hybrids. 

Table 1. Characteristics of 10 parent lines used for combinations under lowland 
summer condition in 1987.' 

' Line code Heading' Infection (%) Plant No. of 
formMaturity_ Soft rot Virus wt. (kg) leaves
 

450...14 SH-JU 
 L 3.8 0 1.33 41.8
450...15 NH 0 1.34L 6.3 33.6 
SSD31-2-2-1 JU M 39.3 39.3 0.75 43.6 
5SD63-2-2-2 JU 16.7ML 16.7 0.83 39.0
SSD139-3-2-2 JU L 0 C 1.83 58.8 
B-18-1-2-3 OL 0 -EE 27.3 
B-18-5-1-1 OL 
 EE 0 39.3 - 
77 M(3)... 1-1-2 OL E 0 0 
 1.14 38.4
77 M(3)...5-2-3 OL M 11.5 0 1.27 ,42.4
76 M(2)...-2 OL 0E 27.8 - 

/Data of 30 June seedtime. Y450 ....... = 450-3-9-5.6, 77 M 3)....... = 77 M(3)-35-18-LT, 76 M(2) ....... = 76
M(2)-18-3-4-8-4-8-1. XNH = nonheading. SH = semiheading, JU = pined-up, OL - overlapping. WEE = 
extremely ear!y, E early, M = rnedium, M. =medium late. L = late 

http:h.rvc.st
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Disease 	 Resistance According to Seedtimes 

Infection by diseases of selected and nonselected 'onibinations in 1987 are shown in Table 2. 
In soft rot the earlier the seedtimes, the higher the infection ratio. Virus infection was lowest during 
the tirst seedtime and highest during the second seedtime. Two selected combinations, SSDI39-3 x 
SSD31-2 and SSD 139-3 x B-18, were tolrant to both solt rot and virus in the second seedtime. 
Harvest ratios of the third and fourth seedtimes were higher than the rest of the seedtimes in all 
combinations (Table 3'. SSD139-3 X B-18 also showed high harvest ratio at tile second seedtime. 

Characteristics of Selected Combinations 

Two combinations selected in 1987 showed joined-up heading form. Maturity time of SSD 139-3 
x SSD3 1-2 was average and that of SSD 139-3 x B-18 was early. The weight of these two combinations 
at abou: 60 days after sowing showed little difference in all seedtimes. At about 70 days after sowing 
of the third and Fourth seedtimes, weight increased slightly over those at 60 days but head compactness 
increased more. At about 60 days after sowing, the number of leaves of the lirst and fourth seedtimes 
in SSD139-3 x SSD31-2 and control was more than that of the other two combinations. Those of 
the 70 days after sowing was more than those of the 60 days at the third and fourth seedtimes. But 
the number of' leaves of SSD 139-3 x 13-18 did not increase in all seedtimes and harvest dates. 

It is uncertain whether the good characteristics of selected combinations in 1987 will be reproduced 
during the next trial. Thus. seiected combinations will be tested again next year with different seedtimes. 

Table 2. 	Percent infection of selected combinations from 1985 by soft rot and virus 
according to the different seedtimes under lowland summer conditions in 1987. 

Soft rot Virus 

Sowing time SelectionSowing timeCombioation 
June June July Aug. June June July Aug. year 

5 30 15 5 5 30 15 5 
450...14-1-1 x B-18-5-1-1z 44.5 13.3 0 0 0 39.7 14.5 8.3 1986 
450.15-1-1 x 77 M(3)...-1 21.4 17.7 1.2 0 0 5.3 3.7 2.4 1986 
450.15-6 	 x 76 M(2)...-2 47.6 17.3 0 2.4 0 2.5 9.1 7.1 1985 
SSD139-3-2-1 x SSD31-2-2-1 32.7 3.9 1.3 0 1.2 2.2 0 0 1987 
SSD139-3-2.2 x B-18-1-2-2 - 0 0 0 - 0 0 0 1987 
JunSeung (Cont.) 14.3 8.3 2.4 0 2.4 0 0 1.2 
z450... = 450-3-9.5-6. 77 M(3)... 77 M(3)-35-18-LT, -1-1, 76 M(2)... 76 M(2)-18-3-4-8-4-8-1. 

Table 3. 	Percent harvest of selected combinations from 1985 according to different 
seecdtimes under lowland summer conditions in 1987. 

Sowing time Selection 
Combination June June July Aug. year 

5 30 15 5 
450.14-1-1 x B-18-5-1-11 12.5 25.2 84.5 86.9 1986 
450.15.1-1 x 77 M(3)...-1 44.0 48.6 95.2 96.4 1986 
450.15-6 x 76 M(2)...-2 10.7 35.9 90.5 86.9 1985 
SSD139-3-2-1 x SSD31-2-2-1 33.3 70.5 98.8 95.2 1987 
SSD139-3-2-2 x B-18-1-2-2 - 92.9 97.6 100.0 1987 
junSeung (Cont.) 67.9 53.6 97.6 96.4 

'450... 450-3-9-5-6, 77 A(3)... 77 M(3)-35-18-LT, -1-1, 76 M(2)... = 76 M(2)-18-3-4-4-8-1. 
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Cytoplasmic Male Sterility in Chinese Cabbage 

Raphanus-Originated CMS 

In 1986 CMS 60 days and CMS Cheonghang were still not con. idered isogenic because the) were 
not nearly like their recurrent parents in leaf color, leaf length and plant weight even though their 
generations wcre BC7_FI and l3C ,, respectively. Therefore, in 1987 ore more backcross was carried 
Out. 

Seed setting of both CMS 60 days and CM S Cheongbang was iower than their recurrent parents.
In 1987 seed setting rat' s of all lines decrcased compared to that of !986. Unfortunately. the reason 
lbr this coUld not be ,, e[mined. The seed germinatinm rate of CMS 60 days was almost the saitc 
as its recurrent parent and higher than CNIS Chemgthang. The mrphology of CNIS lines was very
similar to their parents but leaf color at the early stage was still light. lxcept for leaf length,
both CMS lines were not similar to their parents in terIS of l)halit weight and nuntber of leaves 
(Table 4).
 

Although the two CMS lines we e in the BCsFI and BC
7 FI generatien. they were not isogenic 
as their recurrent parents. Thus, they :eed more backcrosses to develop their seed setting ability and 
other characteristics. 

B. Juncea-Originated CMS 

IIC41F, generation xvas nmade in 1987 with three CMS lines. The seed setting rate in lt87 was 
lovs er than in 1986 and each CM S line was very low conipared to their recurrent parents (Table 5).
The leaf color of CMS lines in the field was still nuch lighter than their recurrent parents. An advanced 
generation ,.,ill be made next year. 

B. campestris-Originated Male-Sterile Plants 

To ch,rify the genetic background o iale-sterile paiiis which originated from the Korean native 
turnip. B. cainpestri., found in 1986. two inale-sterile plants originated front different lines were crossed 
with eight male-fertile lines. All offsprings of the male-sterile lines crossed with three lines of male
sterile plants found in 1986 segregated into male-sterile and male-fertile at the sane rate, but when 

Table 4. The performance of CMS lines originated from Raphanus and recurrent lines 
of Chinese cabbage. 

Plant Leaf length No. of No. of No. ofwt.(kg) (Cm) leaves pollinations seeds 

CMS 60(BC8FI) 2.64 44.6 56.6 223 70
Recurrent 4.14 42.4 77.2 248 311 
CMS CH (BC7FI) 2.60 44.0 70.5 126 60
 
Recurrent 3.16 46.0 73.2 178 498
 

Table 5. Seed yield and the germination rate of the CMS lines originated from B. juncea 
and recurrent lines of Chinese cabbage. 

No. of No. of Germination 
Line' pollinations seed- B/A rate 

(A) (B) (%)
 

CMS CH(BC 4F) 
 106 32 0.30 55.0
Recurrent 178 498 2.80 86.0
 
CMS NB(BC 4Ft) 334 21 0.06 70.6
 
Recurrent 157 709 4.52 72.0
 
CMS DK(BC4Fi) 223 1 0.00 0.0
 
Recurrent 99 168 1.70 76.0 

'CMS CH = CMS Chonnhano r MS NR = ('MS Naoh-,a Fn .l- trhAr nvl - nfh,,--, u
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crossed with the other lines showed all male-fertile plants (Table b). The genetic background of the 
two CMS lines was assumed to be GMS or CGMS. 

Next year after precisc clarification of the genetic background, the niale-sterile lines will be used 
to breed MS Chinese cabbage. 

Table 6. 	Segregation rate of the two male-sterile lines originated from Korean native 
turnip, B. campestris, crossed with male-fertile lines. 

MS' MFY No. of
total plants 

No. of 
N1,plants 

No. of 
MS plants 

Segregation 
MF:MS 

G29C-4 x G27A-1 42 42 0 1:0 
G290-4 x G27C-1 113 113 0 1:0 
G29C-4 x G29D-5 99 58 41 1:1 
G29C-4 x G29D-6 37 18 19 1:1 
G29C-4 x G30A-1 57 57 0 1:0 
G29C-4 x G30A-2 99 99 0 1:0 
G29C-4 x G30B-1 87 87 0 1:0 
G29D-1 x G26-1 44 44 0 1:0 
G29D-1 x G27A-1 61 61 0 1:0 
G29D-1 x G29C-5 24 13 11 1:1 

"MS = Male sterile plants. YMF = Male fertile plants. 

Increasing Yield of New Plrocessing Tomato 
Through the Culture Method 

In Korea, breeding efforts during the past 10 years or more have greatly contributed to the genetic 
improvement of processing tomato for nonstaking culture. However, the rainy spell in summer followed 
by high temperature and humiditx give rise to severe yield losses in nonstaking culture of tomlato 
every year. Therefore, an appropriate culture method was required to overcome this environmental 
constraint. 

In 1987 AVRI)C's TM 103 variety and Jinhong developed in HES were used as experimental 
materials to determine the efficient culture method for yield improvement. Five culture methods were 
used in this experiment.

Total yield of both varieties was dependent on the yield at the maximum stage of harvest; early 
yield was superior in staking culture with pinching but late yield was not significantly different among 
the culture methods for both varieties. It was assuned that higher early yield i staking culture with 
pinching was due to enhanced fruit set and development by preventing nutrient consumption needed 
for lateral shoot growth. 

Yield ot"TM 103 reached almost 80 t/ha for nonstaking culture with high ridge., net prop culture 
and staking culture without pinching inspite of a heavy rain at harvest stage compared to an ordinary 
year. Jinhong had a similar yield pattern to "IM 103, except in nonstaking culture with high ridge.
which had relatively low yield. As for TM 1(3. n nstaking culture with high ridge could produce 
higher yield due to excellent fruit set ability, in spite of a high rate ofdanaged fruits anrd low-planting 
density (Table 7). L.ow rate of damaged fruits and high planting density in net pron culture and staking 
culture without pinching led to favorable yield. Staking culture with pinching t4'sultCd in the lowest 
yield because of very poor fruit set; however, it gave thL hightst fruit weight. 

On the other hand, Jinhtong showed an almost similar tendency for all characters as TM 103 
(Table 8). However. nonstaking cuittire witil high ridge did not producc favorable yield because of 
the high percentage of damaged fruits, particularly due to blossom end rot. 

The rate of fruit decay was higher than the percentage of fruits damaged by blossom end rot for 
both varieties (Table 9). Net prop and staking culture were more effective in reducing fruit decay. 
and the trend was more evident in Jinhong. In rate of blossom end rot infection, Jinhong had an irregular 
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pattern, while infection in TM 103 was not significantly different anong the culture methods used. 
probably because hlossom end rti is a phenomenon of Ca deficiency followed by shortage in soil 
water content. 

Consequently. net prop culture alnd staking culture without pinching were found promising in 
reducing the percentage of damaged fruits. Superior fruit set ability of 'TM103 in nonstaking culture 
with high ridge compensated sulfciently for lm planting density and relatively high rate of damaged 
fruits. 

Table 7. Effect of different culture methods on major yield traits of TM 103.z 

No.of total 

Treatient fruit/plant 

Ti 119.6a 
T2 97.2 b 
T3 72.6 c 
T4 73.3 c 
T5 31.9 d 

No. of normal 
fruit/plant 

91.8a 
68.4 b 
60.6 b 
60.1 b 
27.0 c 

fruit damaged " of decayed fruits ,Or 
columns by DMRT at 5'. level of significnace 

Fruit 
wt.(g) 

of fruit 
damaged 

Yield/ 
plant (kg) 

Planting 
density 

(plarnts/ha) 
58.6b 23.2at 5.4 a 14814 
578 ) 29.9 a 4.0 b 14814 
51.5 b 16.5 b 3.1 b 24691 
50.6 b 18.0 b 3.0 b 24691 
70. 7a 15.6 b 1.9 c 24691 

fruits dairiaged by blo-,,o end rot IMean separation within 

Table 8. Effect of different culture methods on major yield traits of Jinhong.z 

No. of total No. of nornial Fruit of fruit Yield/ Planting 
fruit/plant fruit/plant wt.(g) damaged ' plant/(kg) density(plants/ha) 

T1 103.1 a 71.7 a 51,8 b 30.4 a 3.7 a 14814 
T2 95.2 a 718 a 53.1 b 24,8 b 3.8 a 14814 
T3 61.7 b 506 b 52.1 ) 17.9 c 2.6 b 24691 
T4 59.7 b 48.3 b 52.5 b 19.4 bc 2.5 bc 24691
 
T5 30.4 c 25.2 c 68.7 a 174 c 1.7 c 24691
 

•?ofruit damaged '' of deci ye d fri t s . of frt S darmiged by blossom end rot "Mean separation withini 
colunrns by DMRr al5 , level of silgrificance 

Table 9. Effect of different culture methods on fruit decay and damage by blossom end 
rot of Tm 103 and Jiiihong.z 

TM 103 

Treatment % of decayed 

fruits 

T1 184 ab 
T2 24.3 a 
T3 12.8 bc 
T4 14.0 bc 
T5 8.9 c 

IMean separation within columns by DMRT 

bblossom 

end rot 

4.8 
5.6 
3.7 
4.0 
6.7 

Jinhong 
% of decayed % blossom 

fruits end rot 

19.8 a 10.6 a 
20.3 a 4.5 c 
14.8 b 3.1 c 
13.9 b 5.5 bc 
8.0 c 4 ab 

at 5 , levrl of significance 
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.'\n CStiIntC'd I(.H) ha ot low land C'cctlahlc1, and 2.000 IM o1hijehlad ceetahIcs arc planted
aInnUal in PlCnin',I1Mr \ikia, ,,a \ ith atproduction o l'hiout 480.00( t. Ahio 15',' of this is cportLcd 

,to Sinrap re. \'cegcta hlc,,atnd ;c_'tct I CtlrodtsirI.' Iclndiri I IhitC piotato i.-"arlic. oislln. CahhaN'12C., dried 
ch1h.,,. 1t0,iat,0c,. dLi]cld [Call. c',r,\ and intishlrooi N1S25()pr cd ,.q lchic,, N \ailiicd at about million 
) ClI a IC c illijCICd. 

\'C'ctblc rcCar,'hCM I atllii IiS hcc litucn,,ilicd ii th pItI l);IIc ',¢kC M ll iC\% .onccrtc d1.1 
 c thc 

Miott" ofl(Ilc 10Cosc 111l ~tJ 100
10ucuncc 	tH2c iMporan incr-casc \cgctaihc ceports. 'Ihlc %~cmgtahle
recarcirh rra.r i th l ,la\,,ki ',ricUhural Rcarch and !)c\ c'opincit Insitute (MARl)) has,c ..

hceil rcor+'aiMICdL I r 19)88, aind ,il hc dis\dcdill thi h h011int'
suhpogra ns according, to the" 
hollok, ru'c,sc"rch di,,Cpl1iIcs,: dk lc"llpncrt of iiiir\m cd \aricti.,. dc\hclopImicut (tlclIcicilt cr lo 
prOLd.UCti o ',tlll',. cIli:ItlpeSt',,M l.l .,lIII crL idicC,. tcc.hnhIu ,proMotion11 ;ailt rrMSlCr. ulu Sdiat 
hiMi li11i id 1 1).Jul c'suli-. Mtd 11)(lu1t11"r lloA r -II. 

lm1C cc_'ClahIc crops, that1 ill heC i: tnop priorit\ in I988 arc chili. tormiato, cahha,-. spa- us. 
ahall ah i .tcpottt. 

Preliminary Yield Trial of Tomato 

Thirt\ -hmr .\VRI)(" tomato lincs %%c c cs ulu.,da1.n,,t t hM'cal chc.vks, N'l I and MT I I.
 
on pleat ,oil. 'ln I thmc,Iile" %crc proc,,in t\ pc,, [tic rcsutlts imdicated thit n .cof th AVRI)C

Ihu Ii, ,.!iflcatl\ frr or ,itIds than the lIocal check. M'IT I (rab .leI).
lMrdtcIC,(I 	 fruits hiiiicr 

Preliminary Yield Trial of Chinese Cabbage 

A rcplicated . el.I trial of 25 ('huicsc cahha \aiCtics \%, COILILctcd atl.alan Kchn station.
 
Thirteen \itrilic,,\cc fromii A RI'). The prltrminiace ofthC top IS \a.ictic , i\crnIli'Fable 2.
 
Autumn Queen produced thc hwhc,,t yicld of 43.3 ha \%hich \ ts,igniCintl hiihcr than both the

MARDI lad A 'R U)(chC.'k,. Sitlakdcer and I I\brid 02. 
 rc,lti \ CI, l.roniii ..\V CI)_varictics. 
82-156. 82-157. 77.I(.,-4() and 77 \I 2 3-46) that tc local chcck h ,Icast
he caluatcd wilh aritie,, 10rom otier ,unrecS In fUrthcr icld trials. 

()i lc 	 at i 16(" will 

Table 1. 	Performance of the top four AVRDC tomato varieties against the local check, 
MT 1. 

Variety Fruit weight FrtJt no 
Plot (kg Plant (g) Plot (kp) Plant (g) 

CL 5915 	136D-4.01-0 9.92 a 991.5 ilb 	 353 0 abl) 35 5 at)
CL 5915-2 1 	 9.86 a 9860 ; h 2280 ab 22.8 6 
CL 5915-3-2 	 9.33 at- 11i1. a 368 1 a 469 a

'1 143 8.13 ab 894.8 -it 245. 7 ib 27 0 1

MT I (check) 7.63 ab 924.1 al) 327 7 ab 
 34.0 ab 

'Data derivr;m itnii irt 
,it5'o lcwi 

from ANOVA with 36 fileauis Mean" f)llw (i h)sthf, ,tt',r(,')ii)t 'ri g infi.ntiy (lifferent 

o ,'
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Table 2. 	Performance of top 15 Chinese cabbage varieties in a preliminary yield trial 
In Jalan Kebun.' 

Mean head Solidity Soft rot Unadjusted yield 
wt. (g) (g/cc) (%) (t/ha) 

Autumn Queen* 1300 a 0.5 cd 14.0 cd 43.3 a 
82-156 1094 ab 0.8 ab 0.0 d 36.5 ab 
82-157 1088 ab 0.7 ab 0.0 d 36.3 ab 
Green Sun* 1047 abc 0.7 ab 3.7 d 34.9 abc 
77 M(2/3-46) 1041 abc 0.7 ab 20.0 b 33.3 abc 
77 M(3)-40 954 abc 0.7 ab 16.7 cd 34.4 abc 
77 M(3)-27 923 bcd 0.6 abc 6.7 d 30.8 bcd 
83-46 888 bcd 0.7 abc 3.3 d 29.6 bcd 
83-20 	 887 bcd 0.8 ab 13.3 cd 29.6 bcd 
77 M(2/3-43) 880 bcd 0.6 abcd 6.7 d 29.4 bcd 
Saladeer* (MARDI check) 857 bcd 0.5 bcd 17.3 cd 28.6 bcd 
83-2 849 bcd 0.7 abc 26.7 bcd 26.6 bcd 
Hybrid 62 (AVRDC check) 829 bcd 0.7 abc 13.7 ed 26.7 bcd 
77 M(3)-35 782 bcd 0.6 abcd 13.3 cd 26.1 bcd 
B-10 661 d 0.5 d 20.0 b 20.0 d 
Data from ANOVA with 25 rieans Means reie ved by the sane letters are not significantly different at 5'"1 

level. *Non AVRDC sarietes 

Preliminary Yield Trial of Sweet Potato Varieties 

A replicated Nield trial aS conducted in Serdang in wvhich 27 superior varieties froim AVRDC 
were tested against three hich-ieldine %arieties iom MARI)I and one good local .arietv. The most 
ou landing varieties %%ere CN 1219-1 and 1423 %ith ,,iels of" 20.9 and 18.4 t ha fresh tubers, 
respectively. Highest dr\ tuber %ields %,,re ohtained frm ('N 1219- I and PC 1-177. The perlformance 
olfthe 10 mIost promising s"eet potato varieties is shm n in Table 3. 

Preliminary Yield Trial of Soybean Varieties 

A replicated yieid trial \\as conducted on fIur AVRI)C varieties and a local check in Serdang.
Three varieties produced significantly higher yields than the local check. Palmetto. of' thesew'\,,o 
varieti,s, AGS 19 (and (i 81083-63. are vegetahle types with a seed si/e ofinore than 20 C: 100 seeds. 
The iesulls of the trial aie given in Table 4. 

Table 3. 	 Performance of the 10 promising sweet potato varieties in a yield trial in 
Serdang. z 

Fresh tuber yield Dry tube- yield Dry matter content(t/ha) 	 (t/hE., of tuber (%) 

CN 1219-1 20.9 a 5.1 a 24.12 abcd
 
I 423 18.4 a 4.0 abcd 22.07 bcd
 
Bukit Naga 17.6 a 4.8 abc 26.94 abc
 
CN 1280-3 15.9 a 4.0 abcd 24.71 abcd
 
PC 1-177 15.8 a 5.0 ab 31.17 ab
 
CN 1028-15a 14.8 a 2.0 d 14.54 d
 
CN 1181-312 14.7 a 2.7 cd 18.38 cd
 
Local variety 14.7 a 3.8 abcd 23.85 abcd
 
CN 1232-9 14.4 a 3.5 abcd 24.47 abcd
 
AVRDC Selection 1 14.2 a 2.6 cd 18.91 cd
 

'Data derived from ANOVA with 31 means. Means followed by the same letters are not significantly different at 
the 5% level. 
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Table 4. Results of preliminary yield trial of soyb.ehn varieties In Serdang.
 

Variety Days to maturity Plant heightat maturity (cm), Yield(k/ha) 100-seed weight() 

AGS 129 
AGS 190 
G 81083-63 
Palmetto (check)
AGS 292 

87 b 
94 a 
85 b 
85 b 
70 c 

49.2 b 
28.5 c 
31.6 c 
60.5 a 
21.8 d 

2131.0 a 
2094.2 a 
2066.0 a 
1427.6 b 
576.4 c 

15.3 c 
27.2 a 
21.5 b 
11.5 d 
22.2 b 

IMeans followed by the same letters are not significantly different at 5% level. 

Initiai Yield Trials of Mungbean Varieties 

I An initial yield trial (IYT) was conducted using 14 mungbean varieties froin AVRDC. Result: 
1'ndicated that there were no significant differences among the yields of all varieties tested (Table 5).

lie top four performers wre VC 2768A, VC 2523A, VC 1628 and VC 2778A, with yields above 
000 kg/ha. These varieties will be uscd in subsequent yield trials together with materials from other 
I0urces. 

Another yield trial was conducted with eight munghean varieties in late 1987. None of the AVRI)C
varieties outyiclded the local check, VC 1163-2-2-6-2-13 (Table 6). The three varieties, VC 1502A. 
VC 2770C and VC 3604A with yields exceeding 1000 kg/lha, were selected for further evaluation. 

Evaluation of Cauliflower Varieties from Several Countries 

Twenty commercial varieties from !apan, Taiwan, Netherlands, U.S.A. and Thailand were 
evaluated on peat soil at Jalan Kebun. The four best-yielding varieties were Snow Top, Snow Qieen,
Fcngshan Extra Early and Chai Tai *I. These varieties not only produced significantly heavier heads 
but also gave yields that were 53% to 70% higher than the check, Supeiball (45 days). A summary 
of the results is given in Tabl,' 7. 

Preliminary Evaluation of Garlic Varieties 

A trial was conducted at Cameron Highlands station to evaluate the performance of four garlic
varieties front Taiwan. The varieties were Fu-Wei, Ilo-Mei, Shi-lo and Shi-Kong. No significant
difference in yield was observed aniong IlAvarieties. The yields obtained were low-ranging "roin 
2.27 t/ha for Shi-Kong to 2.93 t/ha for Fu-.Vi. How,'vcr, Shi-lo produced heavier bulbs with least 
weight reductio,! during storage. It will be fu flier evT'ltfled before release to farmers. 

Research on Chili or Hot Pepper 

Research conducted on chili included scre ., of varieties for high yields, hybridization to develop
lines with desirable agronomic traits and incorporation of disease resistance into these lines, fertilizer 
and disease riariagemeltt studies. 

Resistance to Anthracnose 

Aniong the various genotypes screened in the past, Cili Padi ( Capsicum annuu,,r var. aviculhre)
had been identified as the most resistant followed by Serrano Tampiqueno, a Mexican cullivar. Crosses 
were made to incorporate the resistant fac(or or factors front Cili Padi to susceptible cultivars. Work 
is in progress to purify these advanced mterials (Fr) and evaluate their agronomic performance. 
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Table 5. Results of Initial yield trial of 14 mungbean varieties from AVRDC In Serdang.z
 

Plant height Seed weight Yieldat maturity (cm) (g/lO0 seeds) (kg/ha) 

VC 2768A 67.7 abc 7.23 abc 1134.4 a
 
VC 2723A 77.3 a 5.50 d 1042.1 a
 
VC 1628 70.7 ab 7.20 abc 1026.6 a
 
VC 2778A 71.4 ab 7.73 a 1024.3 a
 
VC 2750 58.2 abc 7.07 abc 1019.9 a
 
VC 2755 70.9 ab 7.70 ab 988.0 a
 
VC 1089A 77.2 a 5.57 a 974.5 a
 
VC 2750B 57.7 abc 7.03 obc 879.2 a
 
VC 1973A 62.1 abc 7.53 ab 852.5 a
 
VC 2768B 62.1 abc 7.30 abc 834.7 a
 
VC 1482 63.0 abc 5.70 d 827.4 a
 
VC 2784A 54.1 bc 7.10 abe 816.5 a
 
VC 1163-2-2-6-2-B (check) 49.2 bc 6.57 c 782.4 a
 
VC 1000C 47.1 c 6.93 bc 716.7 a
 

'Means followed by the saine letters are not significantly different at 50f, level. 

Table 6. Results of Initial yield trial of eight mungbean varieties in Serdang.z 

Plant height Seed weight Yield 
Variety at maturity (cm) (g/ 100 seeds) (kg/ha)
 

VC 1163-2-2-6-2-B (check) 65.0 a 6.8 a 1427.1 a
 
VC 1562A 56.4 a 6.8 a 1145.3 ab
 
VC 2770C 53.2 a 6.5 a 1117.7 ab
 
VC 3664A 46.5 a 6.2 a 1079.9 ab
 
VC 3528A 53.5 a 6.1 a 894.0 b
 
VC 1178A 48.5 a 6.7 a 872.5 b
 
VC 2778C 57.1 a 6.8 a 848.8 b
 
VC 3542A 46.4 a 6.9 a 694.4 b
 

'Means followed by the sane letters are not significantly different at 5% level. 

Table 7. Results of preliminary evaluation of 1I cauliflower varieties on peat soil.l 

Variety Days to maturity Weight/head UnadjU,'' d yield 
(DAP) (g9 (t/ha)
 

Snow top 64.7 ab 386.7 a 15.5 a
 
Snow Queen 53.0 cde 350.0 ab 14.0 ab
 
Fengshan Extra Early 60.0 bc 336.7 ab 13.5 ab
 
Chai Tai #1 49.0 e 333.3 ab 13.3 an
 
F1 451 50.0 de 316.7 abc 12.7 abc
 
Snow King 67.7 a 283.3 abc 11.3 abc
 
Mikado 55.3 cde 266.7 bc 10.7 bc
 
Green Harmony 59.0 bc 263.3 bc 10.5 bc
 
Farmer Early #2 71.3 a 263.3 bc 10.5 bc
 
Farmer Extra Early 57.0 cd 240.0 bc 9.6 bc
 
Superball 45 days (ck) 59.0 bc 216.7 c 8.7 c
 

ZData derived from ANOVA with 20 means. Means follow,-t, 'y the same letters are not significantly different at 

.A level. 

Resistance to Viruses 

The live viruses prcvalenl in Malaysia had been identified as chili veinal mottle Virtus (CVMV), 
Ionlalo spotted wilt virus ('TSWV), cucumber mosaic virus (CNIV), tobacco ioSaic virus (TMV) and 
tobacco leaf curl virus (TLCV). '1he incidence of CVMV V,as nuch higher while the other viruses 
often occurred in inixed infecclion with CVM V. A resistance gene against CVMV from C. anniutn 
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var. avicurai had been successfully incorporated into susct.[ptihle cultivars and the advanced material 
is now at the F, . Emphasis is currently placed m brccding for resistance to multiple viruses. 
Progenies that are resistant to both CVNV and CMNV had been isolated from crosses between resistant 
Mexican varieties and susceptible cultivars. 

Other Research Activities 

Ivaluation ol co muercial karietlics and lybrids of Iettuc,., white potaii. a-paragts. long bean. 
IFrentch beall dlllt from was;Ilso Conducted. PromisingCucumbrl' local aln f'reign seed companies 
varieties werc identified among the I'Ollo\%ing ,pecies: ctbbage (2). white potato (5 fur lower and 
6 hir higher altitudes ilCameron Itighlails) and lettuce t-4. The gcermplasn' collection of traditional 
\cLciabl and nctliciiil plant specieS hld been increased to tI() accessions coiirrisin of1113 species. 

)iher reiearche, done d the car icluldCd tertilizeir trials (aIlaragus. cabbage alld toiato).lulie 
pruninlg trial Oil asparagus. irtial ion ,uh¢,on chili. cectable cropping sk,qli studies, iiicclhani/ation 
(trai.sllplaninilg and pesticide Spra.mling. and \CgttabhlC prOLILctioll inLcr rain sheller. 

Studies oillsLtald diseasecIm.t1 included cheiniical control ofdtiamondback moth. Phtella 
k li/tella: caba;e bworm, iclhi/ rinda/i virus vtorsll"ofchili and leaf miner of' sugar peas. 
Iromoiom via h,'ith. Se1,1eral s,creCine tasil' \e'. CrIccLted 1t detlernillic the cLficac\ ofL ariols 

ItnIicidets against itliIrcirose Of cli, ikri il .iscaCs Of cabbage a1nL toto.lM late bligit of tmlato 
and rutN disease of h,,beall. Several ilitm iintegrated packages , ;ls l,,lestel to determine theiracc 


flcctrl'en Ss illthe control tof irlisdis ,s, of chili. 

Conclusion 

Sccral persistent and difficult prblCis ,:iflIplague the Veh table industr\ in Mala\sia despite 
concet ed research elfort,,st overcoire ther. Itis ill these areas that loo ling of resources and experiences 
\kill prui iC the fastest as kCll itsthe most beinefits to participating countries. NIARI)I hopes that

s\ill ide,,\VR \I)Cr the rtccssarx, t c iltical si ipplrt and c bopcration i the dcvelopment olftechologies 
in the fl0ullm ing areas 

* Suppl\ of high alit\ rieties of ('hiiisc cabbag, tolltllo. ',0i ,ect potato,eln, iungball. s 
cliii alld calfthls.eOr. 

* 	SUlpp\ of discasc-rcisIin slrcs Msid 11t.lilOOSC resistance illchili, andI \ arictics %it 

viltu, bacterial rsIsaIice oIItlt.
and In 

suc11 s ; w/I rot ill * 	 ('rop 1ittecti h a1 itg ralCted pCst iiaIagemient iPiti la l . 0i1'.,lt ea')bage 
lnd intLerIlltd tontrol if\irtu t,,is cases ilChili, 

* 	 Vegetablc p)rtdutl1itn tinde.r iiln sheller. aild
 
P
Productioii proraiii. 

http:diseasecIm.t1


AVRDC-Philippine Outreach Program 

The AVRl)DC-Philippine Outreach Program ' \VRI)C/POI) Ctitdtlucts research on munghea:n.
siIybean. Chinese cablhage, ttl at) and sweet potato ritai nh' totiCaluiate AVRDC varieties and cultural 
practice's and deterilline their stlitability to local conditions and retluirenients. 

Il 1987. AVR1)C ()11 distriblcd a tt tal of 651 Seed packets to 48 recipients and cooperat( rs."lIhcse are brokell d]oss 1i to 2 14 seed packets of* miaio. I)1 of Chinese cabare. 2 16 ol tunghean
and 12(1 of ,mIhcanr. dkiributed to ). 14. 11 anid 14 recipient,. and cooperators. respectively. 

Preliminary Yield Trial of Chinese Cabbage 

Summary 

Fiftecn e ntries o F[ i hbrids and otpen-pollinated lines N\t.C alualled and c nipa red to the check,re 

Re\ Ia Itn (Ihbrlid 62) du inu tile \et and dr There
seasons. were significant dif'erencc.s between
entris., hiribut lls S.ierificantlv tut\ ichled tile check \which produccd I6.9 t/ha lmarketable ilcad yield
dlrinr the dr se.L l id.9 ha during the wet season. Hybrid 82-156 was highly resistant to 
st.t rolt %\ith2"; inftecion. "while line,, 77 Mi(2 3)-43. lhbrid 57 and 82-40 wvith 18.3 ( . 16.7'i, and 
14 7'; inlfctions, rCspect iC. le senr r;tCd suscCptiblc. 

Introduction 

Ses erll ir\ brid, aridl iht tpn-P Ilitated Chinese cabbave lines were co pared against tile check.
RmanaFlei. thelg arid wet seasonsofI 986-87. The stud\' ainlcd tt idcntil lites with highdLuirie l dr\ 

1iriarktiblC hCad \icds adlaptCd 1'or tire 10\011lad 
 tropics. 

Materials and Methods 

[he ht rid, anti open lthttd line" f'rtn \VRI)C \etre cacli planted in I it A 4.8 t;n raised,utplls di'tlribLcd tin RCBIl) i1d rCplicated ihree litle,,. "\i fturr(ws 5() in apart wkerc set if) each 
subph th ()ne cedillnpi each ,,as platied 40 cii betmeein hills %ilhin the lurro\ s aind tire stllplots were
iniulcied %kith rice ,,tra%% Tle plants were lertilicd w\'ith 60-35-33 kg, N. P,() and K,()/Ila.
re,,pccteI\ el.. it 1li kM-n h as, doe- t-e weekaicl transplanting 'AT)
,ll*t 1id%( tlicatiols, of 2(1 kesub'nCLILt app N la arid 25 kg K-()r ha \%ere done t\\o WAT ad itllhead 
inltliatio , respectix e1\. 

Results and Discussion 

Dry season trial. ()f lire 10 ertnries evaltlated. onrl\ i-I'brid 58 kiii 1t). 1 hia out ielded Hhe
ciicck. Re !ctli. ltCd 16.9t1 lna ,M ich pr hi. \c\er . tire th ereti nce \,a, nt it slitistical l\ significait.
Mircos er. hyhrid 58 hldItIe iiCit rlCMI hlad \seigli tof 609 uiairilg the entrics and ligl-ier har\est 
rate ililt ',1lidit\ c CL' tile criringc i . plrll a, 115.1W the check. oppirrip e recipitation \
i11111rid a h.I ire 28.3 iia\iiinii arid 2(0.7 V tiril ini (I'able Ih.Crill e t'M \is C 
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Table 1. Yield performance of the AVRDC Chinese cabbage lines under PYT 1986-87. 

Computed yield Mean head Harvest" Solidityw Soft rot 
Entry (t/ha) wt. (g) rate (%) (g/cc) rating (%) 

WSy
DS1 DS WS DS WS DS WS WS 
Hybrid 82-46 16.4 12.7 503 650 98 57 059 0.60 14.7 
Hybrid 82-156 15.5 14.2 483 640 97 64 0.53 0.49 2.0 
Hybrid 82-157 13.9 17.5 438 608 95 87 0.52 0.54 6.7 
Hybrid 83.2 15.8 17.2 491 669 97 77 0.62 0.60 10.0 
Hybrid 83-20 16.4 15.6 500 744 98 75 0.57 0.51 5.0 
77 M(3)-27 12.2 13.0 436 696 83 56 0.47 0.48 6.7 
77 M(3).35 8.9 3.9 3,16 550 77 21 0.35 0.47 11.0 
77 M(3)-40 9.1 77 339 578 81 39 0.43 0.46 7.0 
77 M(2/3)-43 15.0 11.8 190 668 91 53 0.48 0.58 18.3 
77 M(2/3) 46 13.8 17 5 480 748 87 70 0.43 0.50 4.0 
Reyna Elena (ck) 16.9 199 535 669 95 89 0.40 0.51 70 
77 M(3)-26 12.3 109 425 747 90 43 0.49 0.45 9.3 
77 M(3)-33 11.6 84 481 553 74 44 0.53 0.48 6.3 
77 M(2/3)-41 15.5 12.4 492 705 95 53 0.48 0.48 8.3 
Hybrid 58 19.6 12.0 609 797 97 40 0.53 0.54 11.3 
Hybrid 59 15.4 10.7 503 700 92 45 0.38 0.41 16.7 

Grand Mean 13.7 13.0 470 664 86.6 57 0.49 0.51 
LSD 5(- 3.18 6.52 130 122.8 12.9 25.2 [s Is 
LSD 1% 4.28 8.78 us cI. 17A 33.9 us ns 
CV (%) 14.00 30.00 16.6 11 1 9.0 26.0 20.40 16.80 

7Dry season - ttri;;)linted 12 Decembr 1986, hmrwssted 16 30 Jtrniary 1987 1

Wetstason-- trnspkinted 24 June 1987. 

harvested 30 July to 4 Au tJ 19817 e ot Iiurvest stim(l [tp) i Ito head19 Perctiti able "'Ar irudte rtleStLire21n )IIUt rrfa eSS 
extlessed In g/cc 

Wet season trial. Fh erand mean yield for the 16 entries was 13.3 Ti.There was not 
much luctuation in \ ild bict, entries except for 77 M(3)-35 which produced 3.9 t/lha. No entryeen 
outyiellCd the check. Rcvna Elena (19.9 t/ha). H\hrid 58 had the highest mean head weiclht ot 797 
gwhile the check resulted in a hars cst rate ot '81': . The 1110st resistant to Solt rot in fection was lybrid 
82-156 (2'; infcctionl ).Total prccipitation1d l.iig the cropting scason was 150.5 11r 11alld me1ican tUiliin 111111 

teniperature as 31.8 ' (Table I). 
So far. Rcyna Ilena (Hybrid 62) is still the best variety I'r cultivationr in the lowland tropics 

Its marketable head \yiclds wcre relatively stable ii both wet and dry seasons. Most of the hybrids 
and a few open-polliatld lines also showed relative stable head yields in bioth seasons However, 
Hybrids 82-46. 58. 59 andlitie Opn-pollimated line 77,M(2/3)-43 appeared to be susceptiblc to solt 
rot ilite'tiori. Cspec.iall\ during the wet season. 

General Yield Trial of Chinese Cabbage 

Summary 

A wet se.son vial Was. tidcted til fiur promising selections to reconfirm their yield potentials 
over the check under the prevailing hot humid conditions of th2 lowland ttopics. 

The check, Revna Elena (Hybrid 62), obtained the highest yitld tnt I t/ha follo Cd closely b 
entr 82-40 with 17.5 t'ia. The grand meaii yield for the five entries was 15.9 / ha. The pcrcciltage 
ol sot rot infectitn V.as low fir all the entries. except Hybrid 58 whilCh had I '-infection. 

Introduction 

Poliiisirie lines wkith tisistent high yields under the prcliitiar. \icld trial wcre selected and 
urthrer evalualed in the .cnicral ,,icld trial. 

The stdulvwas.etiiductCd during tile s1¢owct scason lyh. ,table hybrids (-: brids 58 and 59) 
and tw nt , mcwis (82-46 arnd 82-157) were coipared to the check. Reyna Fleria. 
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Materials and Methods 

Each entry was planted on 25 June 1987 in double-row I x 4.8 m2 raised beds distributed in 
RCBD and replicated four times. The rows were set 50 cm apart and the hills 40 cm within the r,)ws.
The plants were fertilized at 60-35-33 kg of N. P20 5 and K20/ha, respectively, at planting.
Sidedressing with 20 kg N/ia was done one week after transplanting (WAT). Two subsequent
applications of 20 kg N/ha and 25 kg K20/ha were done two WAT and at head initiation, 
respectively. The standard AVRDC guide was followed in evaluating the entries. 

Results and Discussion 

No significant differences on marketable head yield were observed among the entries. The check, 
Rcyna Elena, produced the highest yield of 18 t/ha. The grand mcan for all the entries was 15.9 
t/ha. Hybrids 58 anld 59 showed low harvest rate which nay be due to the old seed stock used in 
tile trial. Percentage of soft rot int'ection was low for all the entries ex:ept Hybrid 58 which had 19.5%. 

During the cropping season, total precipitation was 151.1 m and mea-i temperatures were 32.0°C 
llaxilmulll and 24.7 'C minimum. 

So far, the new Hybrids 82-46 and 82-157 appeared to be comparable to the check, Reyna Elena, 
as Car as head yield, mean head weight, solidity and soft rot rating are concerned. 

Hybrid Seed Production of Chinese Cabbage
 
Variety Reyna Elena (Hybrid 62)*
 

Summary 

For the Chinese cabbage hybrid seed production in Baguio City during tile cool season, tie parental
lines of Reyna Elena (Hybrid 62). E-7 and B-18 needed vernalization periods of 21 days and 14 days,
respectively, at 9°C. The optimal fertilizer rate was 150-90-90 kg of NPK/ha. Both under- and over
vernalization had a negative effect on flover and seed production. 

Introduction 

AVRDC developed a heat-tolerant hybrid variety. ASVEG I (Hybrid 62). lOr tile hot and humid 
tropics. This varity. locally known as Reyna Elena, proved to be well adapted in the lowland areas 
of the Philippines and was, therefore, released for connercial production. Following its release, a 
study on tile hybrid seed , duction conducted at tile Department of Agriculture Baguio Experiment
Station proved that the technology developed at AVRDC was economically feasible under local 
conditions. In cooperation with AVRDC and POP, the seed production technology was further verified 
by East-West Seed Company in 1986-87 at the Baguio Experiment Station. The study was designed 
to determine the optimal seed vernalization period and fertilizer rate of both parental lines for hybrid 
seed production in the Philippines. 

Materials and Methods 

The experiment was divided into female and male vernalization experiments. Both experiments
 
were analyzed independently. In tile field, the experiments were mixed in a chessboard arrangement

in which the female filled up the black squares and the male occupied the white squares or vice versa.
 

In the fcnmale vernalization experiment, RCBD was used with four treatmcnts il !'our replications.

The plot size was 12 ini and the planting distance was two rows on one bed. 0.4 il between rows
 
and 0.4 ii betwecer -t :nts within the rows. Fertilizer at 60-90-90 kg NPK/ha was applied three WAT.
 

*Siunnlnari,/cd froin the Eiast-West Seed Co. repirl, 1987. 
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Pest and disease control measures were applied as needed. The treatments were 21, 14, 7 and 0 days 
seed vernalization for Fl, F2, F 3 and F4, respectively. 

The experimental design, plot size, planting distance and pest and disease control used in the 
male vernalization experiment were simlilar to the female vernalization experiment, except for the 
fertilizer application. 

Tile treatments were as follov.s: 

MI: 28 days seed vernalization: 150-90-90 kg NPK/ha, vernalization seven days ahead of Fl. 
M2: :8 days seed vernalization: 90-90-90 kg NPK/ha; vernalization seven days ahead of Fl. 
M 3 : 28 days seed vernalization, 150-90-90 kg NPK/ha; vernalizaticn simultaneous witit Fl. 
M 4 : 28 days seed vernalization: 90-90-90 kg NPK/ha; vernalization simultaneous with Fl. 
M5 : 14 days seed vernalization: 150-9,, 90 kg NPK/ha: vernalization started seven days after Fl. 
M,: 14 days seed vernalization: 90-90-90 kg NPK/ha: vernalization started seven days after Fl. 
M7: 14 days seed vernalization: 150-90-90 kg NPK/ha, vernalization 14 days after Fl. 
M8 : 14 days seed vernalization; 90-90-90 kg NPK/ha: vernalization 14 days after Fl. 

Di iiig the vernalization of both parents, h, seeds were placed overnight in a moistened cttton
lined 4-inch petri dish with lid, then translerred to a refrigerator modified with continuous light and 
temperatUre adltJste6 to 8' to IO'C. After the required days of vernalization treatment, the seedlings 
were pricked in: 2 x 4 inch paper pots containing steam- sterilized soil media. The seedlings were 
tran,;plantcd 26 days after pricking. Pinching of the flower stalks wits done 28 days after traisplanting 
in treatments Fl, i and M2. ahd at flower stalk emergence in the other treatments. All other cultural 
practices were uniform throughout the experiment. 

Results and Discussion 

The effects of vernalization and nutrients on the vegetative and reproductive growth of the male 
and finale lines off Chinese cabbage hybrid Reyna Elena are summarized in Table 2. 

Results of the study showed that seed vernalizatian had a limited effect on the survival rate of 
transplanted seedlings. The optimal vernalization period for the female line E7 was 21 days at 9C 
and for the malc line B-18. 14 days at 9'C. The optimal fertilization level for the male line ;n this 
experiment was 150-90-90 kg NPK/ha while that For both lines in a commercial seed production was 
higher than 120-90-90 k- NPK/ha. Both under- and over-vernalization had a negative effect on flower 
production. 

Table 2. Effects of vernalization and nutrients on vegetative and reproductive growth. 

Days No. of open % of No. of open % of No. of open 
Treat- % of to 50% flowers and flowering, flowers and flowering, flowers and 
ments survival flowering pods at 50% 7 DA 50% pods, 7, DA 14 DA 50% pods, 14 Di. 

flowering flowering 50 % flowering flowering 50% flowering 

F1 93 38 18.33 b* 100 63.58 ns* 100 110.67 bc 
F2 97 52 17.63 b 82 87.18 ns 100 207.20 a 
F3 9le 62 34.95 a 70 88.08 ns 96 149.70 b 
F4 98 70 15.38 b 60 84.28 ns 91 71.55 c 
CV(%) 33.7E 19.45 

M1 98 38 10.40 d 100 38.25 c* 100 87.20 c 
M2 92 38 8.35 J 100 51.90 c 100 65.35 c 
M3 90 44 10.40 0 98 51.25 c 100 133.85 b 
M4 94 44 9.00 d 98 72.05 abc 100 149.25 ab 
M5 92 47 22.25 a 98 96.41i ab 100 156.90 ab 
M6 91 45 18.45 a 100 102.30 a 100 165.40 
M7 89 66 21.20 ab 66 69.55 abc 90 89.35 c 
MS 89 60 16.25 c 54 64.30 abc 88 79.05 c 
CV(%) 10.85 22.14 10.94 
*Mean ;cparation within columns was determined using Duncen's Multiple Range Test at 5% level. 
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Single-Seed-Descent Trial of Tomato 

Summary 

The single-seed-descent (SSD) trial conducted during the 1986-87 dry season (DS) was composed
of three sets of planting. These were: Set I with 10 AVRDC open-pollinated lines; Set 2,with seven 
F, hybrids, four open-pollinated lines and five East-West Secd Ce. F, hybrids (all fresh market lines);
and Set 3 with 52 AVRDC processing tomato F1 hybrids.

Most of the open-pollinated fresh market tomato lines t'at showed good yield perlformance were 
cl,.atcd to the preliminary yield trial during the 1987 wet season (WS). 

Introduction 

Advanced generation tomato lines from AVRDC were tested under the SSD trial to evaludt.. their 
yield performance under local conditions. Entries from private seed companies like the East-West 
Seed Co. were also included in the test. Seeds of the open-pollinated lines that showed potential were 
multiplied for further evaluation in the PYT. For F-1 hybrids, fresh seeds were requested from the 
breeders. 

Matermals and Methods 

During the 1986-87 dry season, 78 new lines of both fresh niarket and processing tomatoes were 
evaluated at the POP under the SSD trial in three ,ets of planting. The entries were distributed in 
RCBD, replicated thiee times for Sets I ar 12,,aid twice for Set 3. Each subplot was 5 2. 

The total fertilizer applied was 78-156-7' kg of N. P20s and K20/ha. respectively. These were 
applied three times: 26-1u4-26 kg NPK/ha as basal, and two subsequnt applications of 26-26-26 
kg NPK/ha at two and four weeks alter transplanting. The crop culture and data collected were patterned
alter the AVRDC recommended procedure in conducting tomato evaluation trials. 

Results and Discussion 

The yields of the entries in set I ringing from 17.2 to 36.8 t/ha were coniparablc to the check 
(26.2 and 27.3 t/ha). Line CL 5915-9:, D4-1-0 (28.3 t/ha) and CL 5915-93 1)4-1-0-C (36.8 t/ha)
yielded slightly higher than the checks, but the difference was not significant. The entries flowered 
in about 23 days and matured from 69 to 83 days after transplanting. In general. the AVRDC lines 
produced bigger fruits than the check. Fruit worms and blossom end rot were severe in all entries. 
The total precipitation during the cron ,cason was 558.6 mm with minimum and maximuni temperatures 
of 21 .3C and 29°C. respectively. 

So far, none of the 10 open-pollinated test entries significantly oi-tyielded the two checks when 
planted during tl Iry cool season for tomato production.

The yields and ith rh,'t-icultural characteristics of the open-pollinated lines and Fi hybrids in 
set 2 were compared to the check variety Marikit. Lines EWSC I-B and EWSC 2-C produced t' 
highest yields of 35.5 and 35.4 t/ha. respectively, however, these were not significantly different 
frmi the check Marikit which yielded 26.8 t/ha. All entries produced significantly bigger fruits over 
the check. The prevalence of fruit worms was vcr) high in all the AVRDC lines. The highest fruit 
crack rate was observed or FMTT 19 while FWSC I-A, 1-13 and 2-B had the highest rute of blossom 
end rot (BER).

l)uring the cropping season. total precipitation was 71.2 ini with iean rmaxiiuiin and ininiuimu 
temperatures of 290C and 20°C , respectively. Occasional supplemental irrigation was applied especially
during the flowering and early fruit development stages. Froi this trial conducted during the regular 
season for tomato production, only three E WSC F, hybrids nos. I-B, 2-3 and 2-C so far slightly
outyiclded the open-pollinated check Marikit. 

Set 3 in Table 3 shows that the 10 highest yielding processing type F1 hybrid toniato,.s which 
produced 40.3 to 44.5 t/ha did not significantly outyicld the check Marikit (33.4 t/ha). All the entries 
flowered in about 25 days and matured in 69 to 87 days after transplanting. Fruit size varid aniong 
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the entries with PT 4062 (87.0 g) being the biggest. Fruit worm and blossom end rot were prevalent 
on all the entries during ihe season. 

During the trial, total precipitation was 475.7 mm with 430.5 mm occurring at prebloom stage 
of the crop. Temperature was 21.4°C mininmun and 28.3'C maximum. 

Table 3. Mean yield and some horticultural characters of the highest yielding SSD 
entries (dry season).z 

Entry Yield Days to Fruit Polar Equitorial Disease rating y 

size dia. dia.
(t/ha) Flowering Maturity (g) (cm) (cm) FW BER 

PT 4058 44.5 20.5 71 49.0 4.6 4.5 1.5 3.5
 
PT 4027 42.6 26.5 74 52.5 4.5 4.5 2.0 3.0
 
PT 4073 42.6 20.5 78 54.0 4.8 4.1 1.5 2.5
 
PT 4063 42.4 25.0 78 80.0 4.8 5.2 2.0 3.0
 
PT 4064 42.3 25.5 81 85.5 4.5 5.1 2.0 2.5
 
PT 4062 41.3 25.0 87 87.0 4.5 5.3 
 2.5 2.5 
PT 4148 41.2 21.5 76 43.0 4.2 4.2 2.0 2.0
 
PT 4057 "t0.8 24.0 78 49.0 4.2 4.3 1.5 2.5
 
PT 4049 40.7 28.5 85 77.0 4.5 5.3 2.8 2.5
 
PT 4147 40.3 21.5 69 42.0 4.2 4.3 2.5 3.5
 
Marikit (ck) 33.4 26.5 69 32.0 3.4 3.8 2.0 3.0
 

Grand mean 
(53 entries) 34.4 25.4 79.2 59.5 2.C 2.8
 

CV (%) 19.4 10.34 E.7 17.2 27.4 25.2
 
LSD.05 ns 5.27 ns 20.5 
 ns ns 

ZTransplanted 4 November 1986 and harvested 12 January to 6 February 1987 with seven harvests. 
YRatings from 1 to 5, with increasing order of z?verity. 

Preliminary Yield Trial of Tomato 

Summary 

Of the 13 AVRDC open-pollinated fresh market tomato lines evaluated during the 1986-87 dry
seasc:k, only CL 5915-222 D6-0-5 with 33.1 t/ha outyielded the check (30.5 t/ha), but the difference 
wa not significant. in the wet season, two sets of planting were made. In Set I, the check variety
Marikit outyielded all the ust entries including the eight open-pollinated lines and seven F1 hybrids. 
In Set 2,six out of the II coen- pollinated lines outyielded the check Marikit. 

Introduction 

Lines from the SSD trial selected based on yield performance and fruit qualities were evaluated 
in the PYT for two wet and dry seasons. The study aimed to identify heat- and moisture-tolerant lines 
that will produce high marketable yields during the wet season, and witl" resistance to bacterial wilt, 
fruit worms and physiological disorders. 

Materials and Methods 

Each entry, evaluated in both wet and dry seasons, was planted in 5-mi2 subplots in RCBD and 
replicated three times. 

The 1986-87 dry season trial composed of 13 open-pollinated fresh market tomato lines was 
transplanted on 26 November 1986. During the wet season, two sets of planting were made. Set I 
with eight open-pollinated lines and seven F1 hybrids (all fresh market tomatoes) were transplanted 
on IJuly 1987, and Set 2 with II open-pollinated fresh market types on 16 July 1987. 
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Results and Discussion 

There were significant yield differences among entries during tile 1986-87 dry season trial.
However, none significantly outyiclded the check Marikit which produced 30.5 t/ha. Test entry CL
5915-222 D6-0-5 which yielded 33.1 t/ha was comparable to the check. Flowering ranged from 21to 27 days and maturity of fruits from 68 to 81 days. Highest fruit set of*4.3 was recorded on CL
5915-156 D4-1, while biggest fruits (55 g/fruit) were observed on CL 5915-206 (G) D4-2. 

The yield and important characteristics of eight open-pollinated and seven F1 hybrids planted on
I July 1987 (Set I)are compared in Table 4. The check variety, Marikit, outyielded all the AVRDC
lines and hybrids. However, the yield of CL 5915-93 D4- 1-0. C-I was colmparable to the check. All
lines produced nonmarketable yields due to various causes. Flowering ranged from 15 to 26 days.
The highest fruit set rating o" 4.0 was from CI. 5915-93 )4- 1-0-C-I and the biggest fruits (62 g/fruit)
were recorded CL 5915-93m'romn )4-1 -0-1-2 (62.7 g) and FMTT 16 (62.5 g). All the entries were
attacked by f:,it worrms with the check as the roost susceptible. Entry FMTT 22 had the highest incidence
of bacterial wii inl'c ,tion while FMTT 19 vas very susceptible to TMV and FMTT 21 to cracking.
Fruit rot of various causes was most severe on CIN 65-349 1)5-2-0. The 1987 wet season test was 
the first preliminary trial for this set of materials. 

In Set 2, also conducted during the 1987 wet season, six lines outyicldcd tihe check. Marikit.
but the difference was not significant. The highest marketable yield of' 13.5 t/ha was produced by
CL 5915-93 D)- 1-0. Days to flowering ranged from 19 to 25 days. Fruit worrm iril'stations were 
severe on Cl. 1131-0-0-7-2-0-I -0. Bacterial wilt, tobacco mosaic virus and southern blight affected 
all the -ntries at varying degrees of severity. The highest incidence of fruit cracking was on CL. 5915-124 
(Gi 134-2. 

So Ear, fron the two sets of wet season planting ol tomatoes, seven test entries, all open-pollinated
lines, proved to be as productive as the check, Marikit. However. tile yield differences were not 
statistically significant. 

General Yield Trial of Tomato 

Summary 

CL 143-0-1-3-3-1 and CL 551-6-0-18-1-1 had completed the four-season evaluation during the

1986-87 dry season. These will be submitted for regional yield trial when enough seeds have been

produced. l)uring the 1987 wet season, 
 four promiking selections from the PYT were elevated to 
the GYT. 

Introduction 

Lines found promising after the four-season preliminary trial were evaluated in the general yield
trial. The objectives of this study were to further screen lines for heat and moisture tolerance and 
to de.,rminc lines resistant to tropical pests and diseases. CL 143-0-1-3-3-1 and CL 551-6-0- 18-I-I
will be submitted to the RYT when enough seeds have been produced. Four new lines were added 
to the GYT in the 1987 wet scason, bringing the total entries evaluated during the wet season to 15. 

Materials and Methods 

Each entry was transplanted in 5-i 2 subplots distributed in RCBD with four replications.
The 1986-87 dry season trial was composed of 13 entries, while the two 1987 wet season tests 

had 15 entries. 

Results and Discussion 

AVRDC open-pollinated fresh market tomato lines were evaluated under the GYT for 1986-87
dry season and 1987 wet season. Seven out of 13 lines outyielded tile check, Marikit. However, only
CL 551-6-0-18-I-I with 39.1 t/ha ':ignificantly outyiclded the check. Marikit (31. I t/ha). 
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Table 4. 	Mean yield and some horticultural characters of the fresh market tomatoes 
in the PYT, Set 1, 1987 wet season.z 

Yield (t/ha) Days Fruit Fruit Pest, disease and 
Entry Market- Nonmar- to set size physiologicai disordersx 

able ketable flower rating y (g) FW BW TMV Cr FR 
CL 5915-39 D4-I-2-0 7.1 2.9 22.7 3.0 39.1 3.3 2.7 2.0 1.3 2.0
 
CL 5915-206 D4-2-2-0 6.0 2.0 15.0 3.7 50.3 2.3 1.3 3.3 1.7 1.3
 
CL 5915-206 D4-2.4-0 3.2 1.9 25.0 2.3 45.1 2.7 1.0 4.0 1.3 1.7
 
CL 5915-206 D4-2-5-0 3.7 2.9 25.0 3.0 45.7 2.3 2.7 3.7 1.7 1.3
 
CL 5915-93 D4-1-0-L-2 9.2 3.1 24.7 2.7 62.7 2.7 1.0 4.3 1.0 2.3
 
CL 5915-153 D4-3-3-0 10.3 1.6 23.3 3.3 33.6 2.7 1.3 3.3 2.0 2.3
 
CL 5915-93 D4-1-0-C-1 14.5 2.5 20.3 4.0 34.0 2.7 2.0 2.3 1.3 2.0
 
CLN 65,349 D5-2.0 12.8 2.0 22.7 3.7 36.1 3.0 1.7 3.3 1.3 3.3
 
FMTT 3 5.4 1.4 22.0 2.3 52.8 2.7 4.0 2.0 1.0 2.3
 
FMTT 14 6.0 1.2 24.0 3.0 56.0 3.0 2.7 2.3 1.0 2.0
 
FMTT 16 10.6 1.9 25.0 3.0 62.5 2.7 1.3 2.7 1.7 2.3
 
FMTT 18 11.8 26 25.0 3.3 48.1 2.0 1.7 3.3 2.0 2.7
 
FMTT 19 10.6 1.4 24.7 3.0 42.7 2.3 1.0 4 5 1.3 2.0
 
FMTT 21 12.3 1.0 26.0 3.0 43.4 2.7 2.7 2.3 2.7 2.0
 
FMTT 22 4.1 0.6 25.7 2.0 3).3 1.7 4.3 2.3 2.0 2.3
 
Marikit (ck) i4.8 2.6 20.0 3.3 26.7 3.7 1.7 3.7 2.0 2.7
 
Grand Mean 8.9 2.0 23.9 3.0 44.6 2.6 2.1 3.1 1.6 2.2
 
LSD .05 4.2 ns 2.11 0.74 12.2 ns 0.9 1.99 ns ns
 
CV (%) 28.4 52.4 5.29 14.9 16,5 32.17 23.1 27.0 48.4 35.2
 
ZTransplanted 1 July 1987 and harvested seven times froni 25 August to 11 September 1987. Rating of 
1 to 5 with 1 = slight setting and 5 : heavy setting. xFW = fruit worm: BW = bacterial wilt: TMV = tomato 
mosaic virus: Cr = cracking; and FR = fruit rot. 

During the 1987 wet season tria, fbur new lines were added to the 3YT set of entries. Lines 
CL 1131-0-0-43-4-12 and CL 1131-0-0-43-8-1 significantly outyiclded the check, Marikit. on 22 June 
and I July plantings, respectively. 

The important horticultural cha'acteristics of each entry are presented in Table 5. Flowering was 
front 14 to 20 days while maturity was from 50 to 63 days fron transplanting. C1. 5915-369 (G) 
D4-1 had the highest fruit set rate of 4.3. The biggest fruits were produced by CL 5915-206 (G) D4-1 
(43.5 g). Fruit worms, bacterial wilt and cracking affected all the AVRDC lines at varying degrees. 

Regional Yield Trial of Tomato 

Summary 

The regional yield trial was conducted in II stations throughout the country. AVR-3 (CL
143-0-10-3) slightly outyielded the check, Improved Pope, by 0.31% during lie 1985-86 dry season 
(NTC Annual Report, 1986). AVRDC line CL 1344-48 outyiclded the check, Improved Pole, by 
19.86%. 

Line CL 2784-1-1-4, an open-pollinated processing tonlato, was appro\-d by the Philippine 
Seedboard in May 1987. It was locally named as "Mapula". 

Introduction 

The regional yield trial was conducted in II cooperating :tations throughout the country. The 
study aimed to identify the most promising tomato varieties that will be adapted to different 
microenvironmental patterns of the region. Results from the four-season trials becone the basis for 
release of the outstanding varieties for commercial production by the Philippine Seedboard. 

One AVRDC fresh market tomato was among the entries evaluated during the crop year 1985-86 
dry season and three during the 1986 wet season. The data for crop year 1986-87 dry season and 
1987 wet season fbr both fresh market and processing tomatoes were not yet complete as of this writing. 
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Table 5. Some horticultural c .aractersof AVRDC lines included in the GYT, 1987 wet
 
season.
 

Days to Fruit Fruit Pest. disease and 
Entry Flowering Maturity set size physiological disorder rating y 

_ rating' (g) FW BW TMV SS Cr 
CL 1131-0-C-7-2-r 18 61 3.7 25.4 2.7 1.3 1.7 2.0 2.0
CL 1131-0-43-4-12 15 52 4.0 248 1.0 1.3 1.0 2.0 4.3 
CL 1131-0-43-8-1 14 50 4.0 19.8 1.3 2.0 13 1.3 4.3
CL 5915-197 (G) D4.1 16 60 3.7 25.7 13 1.7 3.0 1.7 4.3CL 5915-223 (G) D4.2 15 52 4.0 22.7 1.3 1.7 2. 2.7 3.7CL 5915-153 (G) D4-2 17 63 3.0 35.2 1.7 1.3 1.7 1.3 4.0
CL 5915-217 (G) D4-1 15 53 3.7 23.0 1.0 1.7 20 1.7 3.3
CL 591 -362 (G) D4-1 16 61 3.7 30.3 1.7 2.7 2.0 2.7 2.3
CL 5915-222 (G) D4-0 17 56 3.7 22.3 1.7 1.0 2.7 2.0 3.3
CL 5915-369 (G) D4-1 18 57 4.3 32.0 2.3 1.0 2.0 1.7 2.7
CL 5915-455 (G) D4.1 17 61 3.7 26.1 10 2.3 3.0 1.7 2.7
CL 5915-206 (G) D4-1 20 63 4.0 43.5* 1.3 1.3 1.7 2.7 2.0CL 5915-229 D6-1-4 19 54 3.3 37.2 1.3 3.3 2.3 1.3 1.0CL 5915-153 D6-3-3 16 63 3.3 36.6 " (1 1.0 2.3 2.3 2.7
CL 5915-222 03-0-5 16 61 3.3 36.7 1.3 2.3 3.0 3.7 2.0
Marikit (ck) 16 61 3.0 25.0 2.0 2.0 1.3 4.0 1.0 

Grand Mean 16.6 57.9 3.6 29.1 1.6 1.7 2.1 2.2 2.9LSD .05 1.8 7.1 ns 14.07 ns 091 1.3 1.49 1.81
CV (%) 6.6 7.4 12.42 29.0 48.0 32.2 3G.9 40.6 32.7 

'Fruit worm rating "Pest. disease & disorder ratings

Rating Average no. of fruit/cluster Rating -nfection/irestation


1 0.1 1 1-5 
2 11-2.4 2 6-24
 
3 2 5-34 3 25.49
 
,4 35-4.4 4 50-74

5 4,5 and above 5 75-100 

Materials and Metho. s 

The standard procedure prescribed by the NCT for vegetables was used by all cooperating stations.
The test entries were evaluated against standard checks in 6-11 2 subplots, distributed in RCBD and 
replicated Fbur times. 

Results and Discussion 

The mean yield and important horticultural characteristics of fresh market tolatoes evaluated 
during the 1985-86 dry season in II testing stations are shovn in Table 6. AVR-3 (CL 143-0-10-3)
slightly outyieldcd thc check, Improved Pope. by 0.377t. Maturity of' the fruits varied from 70 to
71 days. All entries had vigorous growth. The visual quality rating was highest in UPL-Tmn6. 

The results of the 1986 s,et season RYT are presented inTable 7. Of the three AVRDC test lii:es,
only CL 1344-48 outyiclded the check. Improved Pope. by 19.80'7. Maturity rangi d from 58 to 62 
days. The plants showed vigorous growth and tlie Cruits had very good vigor rating. 

Germplasm Collection and Maintenance of Sweet Potato 

Summary 

A total of' 110 sweet potato accessions from local and foreign sources, mostly from AVRDC, 
are maintained at the station. The ,.ollection serves as source of' research materials for POP and other 
research organizations. 
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Table 6. Mean yield and other horticultural characters of fresh market tomatoes under 
the RYT, 1985-86 dry season.' 

Yild Fruit Dia.inc. 
Enty (day) Vigor Firm,,ess VQR' Equi. PolarEnrY( ild oover Maturity rating y 

(tha)check (cm) (cm) 

Improved Pope (check) 40.4 - 71.3 1.8 2.4 8.4 3.9 4.8
 
UPL Tmi-6 (check) 40.3 - 69.7 1.8 2.7 8.5 3.2 3.8
 
AVR-3 (CL 143-0-10-3) 40.6 0.37 70.7 1.8 2.8 7.8 4.2 4.1
 
C-132 39.2 - 70.9 2.0 4.0 8.2 4.5 3.8
 

Source 1986 NCT Annual Report. lFrom 11 testing stations vVigor rt-ng legend. 1 - most vigorous; 
2 - vigorous 3 moderately vigorous. 4 weak, and 5 -- very weak. XVisual quality rating (VQR) 9 = 
eAcellent (held fresh), 8 - very good (defects hardly noticeable). 7 & 6 - good (defects moderate): 5 & 4 = 
(air (defects moderate) 3 - poor (defects moderate): 2 no longer edible. ai.d I nonedible under isual 
condition. 

Table 7. Mean yield and horticultural characteristics of fresh market tomatoes evaluated 
under the RYT, 1986 wet season.' 

Potential inc Fruit Dia 

VQR yEotry yield over Maturity Vigor Firmne-s Equi. Polar 
(01,1 ) check (day) (cm) (cm) 

Improved Pope (check) 10.3 - 62 1.50 2.7 8.3 3 5 4.5 
UPL-Tm6 i1G.i 56.01 58 2.00 2.7 78 3.3 3.6 
CL 1344-48 124 1986 59 2.00 3.7 8.3 '1.2 3.8 
C-132 12.4 19.86 58 2.00 3,. 8.6 4.1 3.9 
CL 1344-78 10.6 2.42 62 2.00 3.0 8.3 4.6 4.1 
CL 1094-84 10.6 3.00 60 1.75 3.0 8.3 4.3 3.8 

Froin five testing stIl,( 15 Vigor rating lcgend 1 mrost i. 3 n weak;vigorlo0s, 2 vIgorous. . iodcerately vigorous. 4 = 
and 5 very weak 

Introduction 

New sweet potato hybrids and accessions selected at AVRDC for high tuber yields, resis;ance 
to major pests and disea, es and high dr maitter contents are periodically rec,-ived at POP. These 
materials. together with those collected from other sources, are maintained and evaluated ai the station. 
Promising lines are further evaluated in replicated trials and finally in the NU' from %%hich new\ varieties 
for national or regional reconminendations ar,, selected. 

Materials and Methods 

New sweet potato accessions received from A VRDC or collected from other sources are planted 
and naintained in 12-inch earthen puts kept in the screenhouse lor quarantine purposes and 
multiplication. 1'he materials are later planted in 6-i 2 nursery plots in the field for initial observation 
of the morphological and agronomical characters and for propagation of planting materials. TVhe 
pronmising entries are then evaluated in replicated yield trial:; and given to other researchers. 

Results and Discussion 

Aside front the entries evaluated at POP, a total of 4.710 cuttings oF ditTerent sweet potato accessions 
were gisen free upon request to researchers front different institutions. 

Preliminary Yield Trial of Sweet Potato 

Summary 

Twenty-five AVRI)C sweet potato lines were evaluated under the PYT lot the second year against 
the check. BNAS, to deterniine their narketable tuber yielo aind other agronoillic characters. Two 
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sets of planting were made in 1986 the first set during the wet season (planted 6 Jl,iie 1986) and 
the second set during tile dry season (12 December 1986). 

In the wet season trial. 10 test entries with marketable tuher yield ranging Ii'oim 21.9 to 34.0 
i/ha significantlv ,utyilced the check. 13NAS (9.8 t/ha!. The three highest yielding entries CN 1219-I, 

CN 942-47 and C'N' 1232-9 also produced high yields during the 1985-86 dry season trial. 
The second Set planted during the dry season (lid not prodtuce credible data due tolsevere drought: 

hence, it is not included in this report. 

Introduction 

Promising lines iniitiall selected from (ie germplasin collection st tidy were evaluated in replicartu:l 
triaIs Linder tile PYT. IlIe stud alil'1iedtdo e ailuate tile va rketablc tiber yield potential, reaction to 
scab inlf'ction and drx' matter colitents of lie% sweet potato lines. The 22 test entries in tie prt.,-;nnt 
slud had been evaluated Ir the second year iider PYT. 

Materials and Methods 

Each entry, e ahuatcd in the wet and dry seasois. was plamted in douhle--ow 6-m2 subplots 
distributed in RCB ) and replicated three tiiie,. The planting distance was 75 ct between rows and 
25 cm between hills x, ith one cutting per hill. Fertilizer was applied at nlanting at 90 kg each of N. 
P,(O)5 and K,O/ ha. The AVRI)C cultural management practices fbr wcct potato trial was u..ed. 

Results and Discussion 

l)uring tivee scas, li()entriese showed significantly higher marketable tuber vield which raniiged 
fromn 21 .9 to 34.0 tha compared with the check. IINAS. which had only 9.8 t /ha. The three liii
.yielding entries weyre: UN 121 -I. CN 942-47 and UN 1232-9 v, itlh yields of 34.1). 32.8 and 31.5 
t/ha. respectivel .. These also shio\cd an impressive and consistent perfornlatncc in icld during the 
1985-86 dry season. In ternis o ' r ot diameter, no ,ignificmt dil'Ierencs were ObSer\vcd am1ig the 
eintries includitig the check. The root length of test entr\ 1-42-3 and UN 1219-I with !6.06 andcm 
15.62 cm. resntctivel , had significaintlk higher valties compared to tile other test entries. However. 
tIlr difference was not significait. 

The resilts dLiring the dry season were tirrelI tledue to sevc'C drought that prevailed during 
lie seasn. hence wcre not itcIided in tis rep rt. 

General Yield Tria! of Sweet Potato 

Summary 

The pr( uising lines from the preliiiinar\ yield trial were evaluated in the general yield trial to 
confirm further lieir marketable r ot yield. react ion to iia.ior pests and diseases and other agronomic 
characters. 

Sixteen promising lines were evallated against the check. III-Sp2. during the 19i86-87 wet and 
di seasons. Results II the wet season trial showed that none of the test entries out' iClded tile Ciec . 
BPI-Sp2. which .0ildeOd 20.1 t.'ii. However, six lines, .S 27-12, CI 5 1-3. CI 949-1. CI 916-46. 
CI 95 1-6 and U! 916-6o. with yields ranging from 10.6 to 18.8 t/ ha mayIbe considered prom iSing. 
In the dry seson tr d. entries U! 946-30. ('I 913-6 and CI 946-25 with yields of 9.98. 10.50 and 
10.88 t/hla, respecti\el\. had signiicatl, Otit clded the check . BPI-Sp2 (6.48 t ha). The praind iiteaii 
vield Ior the 17 entries wkas 6. 11 t ha. 

Introduction 

The e',.:neral y iCld trial ((I5' I arlsnLidertakeni to lurther a,,sess the root yields, reaction to major 
diseases and other desirable characters of promising lines selected trom the PYT. 
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Sixteen selected lines rom PYT were evaluated uinder the GNYl against the check, BPI-Sp2, during
the wlet and dry seasons of' 1996-87. The same set of entries will be further cvaluated ftr another 
two seasons belore the niost promising lines are identitied f'Or incIt ion to tie regional yield trial (R YTl). 

Materials and Methods 

The trial during the \let scason was conducted on 18 Jul\ 1986 and the dr\ season an 17 Fllebri:arv 
1987. Illboth llantilgs. cacI entr\ was 'set in double-ro 6nv subplots ditrihued in R('BI) with 
ItOur replications. 'Fhe AVRI)(" cultural Imianiagenient procedures for sikeet potiato c\'aluaition trial ,%ere 
Used. 

Results and Discussion 

In the \ci seasti Irial. no test Cntr\ oltl\iCldCd lte check. 1l3l-S\2. vvhi lipIt i0druccd a mcan 
marketable tuher \eldat 21).1 t 'ha (Table 8). Hio\ r.,ixlines. LS 27-12. (' t)4t1 I, (1 t)1-40.\ 

('I 951-6. 	Cl 916-6( and ('I 551-3. \\ith 'iclds1rangine trumI10.0 to ha ,.118.8 iw ,be coll.idered 
promisin,. The poor pertoriiance oatthe entries ita\ hledue to the ad erc \ealhCr con11ditions during 
the crop sealon. Total precipitatitn vt.as 1.708.5 iin (\ ith'i\ t\ ph0ons'. \\iici cauIsel the Cntiles 
t,, over-vegetate antidpjroltce a high niean (2.2 t lio of nonmnrketahle root ' eld. 

I)urint the div entries ('I 94-31 (0.) ('I t)1lo I hia) 946-25 l 0t)th saso. 	 1 hal. itll and (I 
t.Iha) sigiliicautl\'ti M icldld [he check. IPI-S\ 2 (6.5 t ha). [he erauti meau \ iCld o0rthe 17 ,ntries 
was 6. I hI.The t JrIerhllrln t1tC entrll,n.ahe dUL' to -oil'l. eall Ce Ies mitullrC sIl''s.. t',pet hi 
during the ear\.Letatike stage (t the crop. 'otal raintall dUrnlln %\is .7l.lOhe clop ,,%t.ison in. 
ol' \hichi 2846.9) 1111 O~ccurtLdring the last iv\o niontlis belore the l-art. ls[hcereetc alsoertcrp e 
sienilt.icant differences in uinilllarktahle ItLher .icds,,. v.\lh('I951) 27 11.. tlhai. (1 t)49- I 

1hal) 913-6 lba) tile(1.5 t 	 and ('I I .1) t prodlcin1g 10tios. 

Table 8. 	 Root yield and some yield cumponents of AVRDC sweet potato lines under 
general yield trial, 1986-87 wet and dry seasons. 

Wt. of marketable Wt of ronmar 
root yield ketable root 

Entry (t/ha) yield (t/ha) Root length (cm) Root diameter (cm) 
WS,' DS' WS DS WS DS WS DS 

LS 27-12 188 24 1.7 03 12.2 8.4 7.1 5.5
 
Cl 551-3 12.9 4.3 3.5 0.6 11.9 104 5.6 4.9
 
Ct949-1 129 5.7 3.3 1.5" 113 104 6.0 
 3.9 
Cl 916-46 128 65 2.1 3.- 12.3 12.2 5.6 5.0
 
C1951-6 123 2.8 2.0 1 0 11.7 11.7 4.9 4.4
 
Ct 916-66 10.6 8.7 3.3 0.5 13.5 8.9 4 4 5.2
 
Cl 916-70 9 7 3.2 1.8 0.4 12.0 11.0 '.4 5.9
 
C1 946-25 9.3 10.9 3.7 0.8 125 12.0 4.5 5.6
 
Kimastanyas 9.0 6,3 2.1 0.4 10.7 9.1 5.5 4.7
 
Cl 950-27 8.4 75 3.4 1.3 11.1 97 4.5 4.5
 
CI 9136 72 10.6 2.1 1.0 11.2 12.0 4.1 4.8
 
Cl 946-30 5.7 10.0 2.5 0.7 100 9.5 4.? 5.2
 
C: 911-1 3.9 6.6 1 4 0.2 10.1 9.0 3.8 5.2
 
CI 916-48 3.5 4.2 0.7 0.4 10.8 10.1 4.0 5.8
 
Cl 916-45 1.8 7.3 0.9 03 10.1 9.2 3.4 5.1
 
Cl 926-3 11 0.5 0.4 0.7 10.2 9.6 4.7 4.5
 
BPI Sp-2 (Ck) 20.1 6.5 3.1 0.4 12.3 10.2 6.1 5.2
 

Grand Mean 94 6.1 2.2 0.7 11.4 10.2 5.0 5.0
 
LSD (.05) 6.0 3.47 1.2 0.61 1.87 2.29 0.84 0.68
 
LSD (.01) 8.0 4.63 1.7 0.82 is ns 1.13 0.91
 
CV (%) 45.2 39.98 39.0 63.09 11.57 15 78 10.29 ".55
 

z'lanted on 18 July 1986 and harvest:d on 17 Febr uary 1987 "Planted on 22 January 1987 and harvested 
on 3 July 1987 *Statistically signiticant at 5" level over BPI Sp.2 (check) 
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Weevi1 Resistance in Sweet Potato 

This stud) was teniporarily suspended ill 1987 due to lack of ne%% lines to be evaluated for reactitns
 
to sweetpotato weevil. .ru'hiariu /ormic arius Fv/a.
.
 

So ltr, all ne lines evaluated agaiinst the weevil wvere lound inroderatcl. susceptible to very
 
susceptible to visual dattage.
 

Preliminary Yield Trial of Soybean 

Summary 

T.'entv-tvo i issine lines front AVRI )C and other sonurces s%etc evaluated in tire preliinary

yield trial during the dr a.ld s et seasolls of 1986-87.
 

Durine the drs season. 12 entries out\yiClded the higlhesl vielding chcck. BPI-Sy4. of '\hich lour
 
lines shoved significant dillcrenccs.
 

During the ,vet season. 14 test entries with mean bean yiclds ranging froIn 2.14 to 2.87 t/ha
 
outperforiued tie check variet\. BI-Sv4. 
s,!ich iclded 2. II t ha. [loss ever-, the ield differences
 
sserc not statisticall. sinilicant.
 

Introduction 

lhe prelinina icld trial was tire first stage illa series of replicated trials Conducted during
the dry and wet seisons.,. The trial aimed to identify litnes With hieh bea i iCld potentials. resistilrce 
tI' Collruon pests and diseases and other desiratble agro ollic attributes. P)roirisirr selectior:s flrOnl 
the AVRI)( advanced so\bcan breedin, lines were V.. ill tire PYT.evaluated 

Materiais and Methods 

iss'erIs -t5' (; test entries %%erc evaluated against standard ciecks. BlP1-S\4 and U P1 .-S\4. Plantings
 
were iade on 1986 fIor tile season and on 6 June 1987 for tie 't Season trial.
10 l)eceriber dry ss 
Ireach trial. Ie entries ',.ere planted in 5-tn 2 plots. distributed itt RCBI) and replicated three titles. 

Coniplete fertilizer of 30-30-3(0 kg,,N. P,0) and K,O)!ha was applied at planting. AVRDC cultural 
tnan.gerern procedures ssere Iillowed iir conducting tire trial. 

Results and Discussion 

12 out ()tile 
IIPI-Sv4. Ito%%Ces er. onl, forur test entries gave significarntls higher .ield thlan tIle ciheck. No disease 
wa,' obsered. but all tire entries wkere seve-rely infested \kith inite, atlR(,. 

The wet season trial showed 14 test entries with high rtean bean vields ranging ront 2.14 t/hla
to 2.87 t/ha. These entries oun ielded the check. B13P1-Sy4, s lliCl yielded 2. I1t1 ha. Ilowever. he 
vield difl'erCICCs \screC not significant. .iire G 90089 gave tile Iri.lresl seed si/c of, 21 .)-'1((0 seeds. 
All tile entries s cre severel\ illeSted witt nites at R.. The entries 

During tire dr' s,.ason. 22 entries e aluatCd outvielded the hi.hesl vieldini check, 

ssere raled resistant to susceriible 
to so\bean nirosaic virus (ISMV). 

General Yield Trial of Soybean 

Summary 

Low yield was obtained in the dry season trial due to druglht and severe infeslation of tnites 
at R. Only GC 5(W)95-7-0-9 gave a highly significant difference ityield over the highest yielding 
check. 
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)f tlhe 1 entrie evallhat.d agaiIst the two standard check varieLks during the wel Season. siX 
Outvi:lded thle lillChr yielding check. UIP-S2. %ith a v'ield of 2.63 t ha. b. tlhe difference was not 
,tmtistic:.lll\
Sigil/+,.callt.
 

So fill'r. enltr (( 5C)}5-7-0 cmsistcnth lij: heal dry ald wet seastn -) _a+ ields during tile 
trials. 

Introduction 

Prt li,,lineies ,eI.'ted the PYT elev'ated to the (;YT to further test their vield pi tenti als.fom iere 
rCactlion to tiiajO" peNs a.ld diSCaSes anit";d olher desirabhle agrnoiuc characters. The selections 
from the (i'T ic finall\ e\salctd in the RYT for regioinal e\'.lliu;.litand possible regional and/or 
national ecotillit.lledl tInS.it 


Materials and Methods 

Filteenentrie,, +crc planted inl(-n: plots in RCB) witl lotr replications during the dry planted 
1)February 198), and \wet (plante.d 5 JLn1e 1987) sea.sois. The plants w.ere fertilized at planting with 
30 kg each of* N. P'( ),and K() ha. All other cultural practieos and data collected were based oil 
AVRI)" proccd Ures. 

Results and Discussi')n 

Of tIle13 ISI CntriC eSaluated a2ai,,l the tsMo standard 'lecks. oni (" 5()0)5-7-)-9, \hich 
siclded 0.88 t ha. sienilicantlh otl\ eded the hilest sieldim,check. tlP "-S(0.55 tha). 
a l\ Ilean eld of 5)O kc ha as obtained during the dry season due to ever drolItI ind SeC\clc 
inl'ettin ofl mites at R, growth Stage. No diseaise inf'ection \was tilenoted during trial.
 

l)uring the %ketseason trial. \ of' the entries Calated out\ iCldCd higher
,i 13 test tile iCldine 
check. UP1I1.-Sv2. ssith a \ield of 2.63 t ha. t7owe\e, the sicid difleretice \%a, notstatisticall\ 
signilicant. The graniI mean yield (or all cntries was 2.46 t ha. Siniicani 's'.dirfenc., ere alo otained 
inother yield ollIpelt', ineasurcd. All entries %\ee rated resist.im to pltile 1t 1purl'plCsdratcl 
stain aild so beall l:iIllto,;. s. 

So flr. e'ntr.\ 5()95 7-()-9 ga'C coniste'nt I\ trial,.GC high bean MLd during' the dr\ and set ,.at 

Regional Yield Trial of Soybean 

Summary 

Protuiniin, ,o\ Irom the ceneraiI eld trial IYbean litcs '1 \,.re es allatCd in the rectoial yicld
trial (RYIT (aait,,t t'n ,,tatda:d cheekN. lie entris ',.ere e.viuat.id durin thel di\ and,+et seasons 

, I %%11 tour rcpll,.ations. in the 
Il1latd Crops Natota! ('ooperatis e Trial ('N of the Philippine1 ' bll 
itn12-m four-rto pltS istributC, RBD ith Il.C proce.dure describeCd 

1 ITi Sedllard as h'''ed durine 
tiletest. 

After I "i\ P1,easoli trial. !(SY- N (..\(;, fo techinolo- adaptatilli',I 1')) \\,Is lecotittitedcd 
TAt atid 'chtio,,?,,'+ \ erl :,CatiMt tC.tin,_, In diltcr,:i ' I Ite1rcsu t 11ront th i,'v o .sason(l\' ltregiotis 
TA IV rc he M I(tittle i21ilal ltitieldmition' of lcti"."I,12ti diil basis ' 

Introduction 

[he rleIotial e]d trial hr so\boMinllder ltiolOl ,, ColdUted,i,,. lplillltl coitiol AsI, ill 

cooitCration ss the l!,Istih teOf (iW10 and other iltstitutits imol cd Illsoy\bcn \arieil]Ill Plint lieedinc 
intpi\etieit. ('oormiatcd h tilelechlical \orkiqlg (;roup for tieti leiunies of the Philippine 
Seedhoard. wrt'tiiiltg eries troun e, issCmled mitndariuuts tiatiottall breeding lprtlcriIllS \%M e\ aluatCd 
fOr four seaSoi, ilX it,12 coperllttg sutionIs lsilig a cuttIltn(i stanudard procedure. Tle studs waIS 
desigCred to ileltil\ htiht-Ielditt sariCies \001ith JCsrilhle acrOnottIic Nlibtes alaptcd t diflerenlt 

reCiolls of tile C,Irlllli\ tor sOas. pollisiIgTo reiinali/c varietal recoIttindalltlltnCspcially 

http:e.viuat.id
http:resist.im
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entries in tle RYT were lurther evaluated for two seasons in tilel'TA befrOre releasii a variety in 
the region. 

Materials and Methods 

The prouisinep lines selecte! Iroin the PYT aid (lYT\%ere subnittd to the National I.eguie
Techtnical Comllllittee ()I tile Philippil. Seedhoal-,rd lr inclusion in thie RYT. Acceptled cnltrics \%ere 
CUluat;Ied h.ilaINt ',tandard clheekMSlIlo arictics in 12-i" I'our-row'i. plots distributed in RCBI) with foour 
replicaitll. Th r \,,. t Ion. vec spaem.d () cill a MILpA 15 plantls lilear mneter x\.re 
miltined. T 11standaiididTuCl, lr \isaILlilu s'.ban de.'scribed the UI'pland ('rop National,t in 

(Ctoperaiki\e Irial Wi'('N("') of the Philippine See(.dIboa rd \\its IAolo\\,d h\ 
 all cooperainiiriii stations 
during tile test. 

Results and Discussion 

)I tlhe cillt test cutric,s\ alltetd durinue the dr-\ season. mls IPI S\ I3S-28 ani T. 239-171 
,,i2fictlti\ l~t\ .'Icld tlie check. BITP-Ss.4 (Table t). Significant dil'ierence, oAll (1)-0(d \Cieht. 
dAL\, tw itf eitim and maturit\ , ald plat heuicht ailom cntr-ics \A,etc also notecd. Nt so\ ealn rust 
atnd Ilcterial piutule \%etc obsIr\ cd but all ciltries ,\crc seX ii \%cIithldmutesa,, stage ,lu
ht) ",O CIC l tIh1 

l)urlne the \\' scia .a ll. ti\c cIties r tested acaI si tIsso ,stalditlrk] .hek,,,. ()il I.(; S\ 01-24 
s"liticntl_ tit, ihed the Il s,, i clck. I The secodli IhClh t '. I.(; S\-01 -13.lte cel, 'lI S%4. ntlr 
did utut difl r sle f llI t h ,.e Allt icck.sser.cI resit.ilt tt itderteCs reIsstllterl t0\12 ei lled 

It purle sirII sti\n ll mosaic \]lls
seed nehli bean 

l3.i,,cl ttii l ttilIIsiliII2 lllllL' Ill si\ selon Il sllill tle RY' . IHISY- tI ( N;S ,i,ul s pCltil It) 

r t iiite.nded inIl lQ-7 tlr indlus o Ill the I. triadl inl Rcio, 2. 4. 0 and I1.
 

lhrec AVRIU)" line,,.-( ;S I29. .\(;S 28) at .-\(l S 133. seC.leetCd lrtum0l the. (YT ill be 
rccttuilIetied ItllrnlusAti ill the RN'T.lirit the It),8 pir-Sedhtid rinelltnul th +iedI IL.unIlle 
Wttrkin (roup. 

Preliminary Yield Trial of Mungbean 

Summary 

nuebuI!:i!llt. -i in ea,.tIHlinres,, %%crc 'alute.'d il three ,,e tt Ij01s. Ill Set s h't t) IpletedI. tOIll ,lLd 
the third seaso-(cit n l'YI ,\saltitt i. F tr this \'cas trial. [Itt te,'t line.S outs eh'dd tle Chleck 3II)l-\%.
Ill b th d. , tid \,,.t\ Ne lsIns11l.I the 23 elllt! , .'a tll tl ill Set It. ,,\ en cltlli tc d ,,l ranI,inL 
IrtnoI 1.45 Ili 1.044 k,-, hai vlich sNh,)Itil isk tts clIdd the eJl ek. BPIt l \ -5. ill .21 5 k-,' ha. 
li Set I . (tt i S) ctrics. o I,, linle \ (' 40)()t-21 -2 I I B tilt mean ilit I .-44- k! hai ,infiticanitk
ttot\ cltlCd the check. BFPI c5. ,. hitch piducctl I. 114 k, , ha [.tilt the 89 enrt1iC, ,1au,11ed. ee-'Il 
shittssed hlC' rsliti1L+10hit ( 'ut ta.'I helICA spotl 

Introduction 

Sclectitt Irtilro the erlhi-e Illg line Cee c\lIlatcd tlILII tIIL PYI ll I~ithr Ieeitll 4)(11 sei',t, 
The l'Y' s ItlidUICd It, 4,1i \ii im 1.aill lilles w ilt hi, 'I bean \ ll potentil,, dsClllic w'Itto)II1IL' 
challacterl-li"i ai d ,tis ,,ase n (J+,+'rtuslttupIi ,,,hr , lth, . [ Ilensre,,Ois itliutlai-. lat spttl and p 
',elected (ot011th11s tril kC clh.Jat+dI' the ('Y. 

Materials and Methods 

Ior crop atr 190X-87. a total ofl 1)entrics \were .ittereld in tlie PY1'. The Iutes \%Ore cx\altated 
il three sets tf trials Sixteen entri,, in Set I were es\a;ltted durini tile dr\ i,,l \\ad s whill,et o, 
23 entries il Set II a Id 50 entries ill Si Ill were e\ altrte+.d dtitllig tle \%t sasotill tuiv. Il all Ill 



Tab!e 9. 	 Mean yievIs and other agronomical characters of soybean lines under regional yield trial,dry and wet seasons, 
1986-77.' 

Bean yield 100 seed v,t Days to Days to Plant ht at Pest and 
Entry (t ,ha) (g) flowering maturity maturity (cm) disease ratingv 

DS WS DS WS DS WS DS WS DS WS DS" WS(PS)"- ws' 

IPB Sy 13828 1.4. 1 7 139 11) 33 35 so 104 44 139 S 2 275 > 
TGX 239-17E 15" 1.6 11 0 135 40 46 85 110 52 90 S 2 1.5 < 
IPB Sy 144-7-' 1 2 - 140 32 - 81 - 42 - S - 
[GX 780-2F 1.2 1 9 13 3 159 39 46 F,4 110 
 38 86 S 2.2 2.5
lB Sy 152-23 1 2 12 2 30 - 79 - 40 - S - -
TGX 888-48C 1.1 2.0 7 3 1 1 9 39 47 80 105 44 116 S 2 2.0 
IPB Sy 154-26 1.2 - 12.6 33 - 80 - 44 - S - - -
BPI-Sv4 (ck) 1.1 2.4 109 16 5 32 - 75 97 41 117 S 2 -
UPL-Sv2 (rk; 1.0 - 160 - 32 - 77 - 37 - S - -
EGSY 19 1 2 - 13.3 - 29 - 75 - 33 - S - -
LG S, 01 13 - 26 1 7 - 26 - 98 - 101 3 3.5 
LG S, 01.24 - 31" • 174 32 - 103 1 i i 3 2.25 

Grard mean 	 1 2 2 1!24 15 7 34 38 80 104 41.5 108.55
 
LSD 5'. 0 18 046 146 1 5 059 0.30 1 25 082 520 13.92
 
LSD 1 025 063 1 9, 205 080 050 1 68 1 12 701 19.07
 
CV,.) 	 10.45 14 15 809 6.42 1 20 0.64 1 07 0.53 8.62 863 

"Plant'td 16 ), : ,nber 1986 (DS) ,rmu 5 Jn , 11-1 S) Hii! , sgl t i og't ,t:hcio( BPI5, 'Ratirg of 1 !o .tr 1 highly resistant and 5 
ti'gh!,, 2 itsei" 'M%,is(it, Puine sIdt. ",5 >,?' m1)O,,I 'l r (S,.V 
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sets, each entry was sown in four-row, 5-ni long plots distributed in RCBD with three replications. 
The rows were spaced 50 cm apart. The AVRDC cultural management procedures for mungbean 
evalubtion trial were used. 

Results and Discu.ssions 

No test entry in Set I outyielded the check BPI-Mg5 in both seaon trials. BPI-Mg5 produced 
mean bean yields of 1,141 and 1,331 kg/ha lor the dry and wet seasons, respectively. Lines VC 
3086-B-I-B-I-B (1,124.0 kg/ha) and VC 3116-B-5-B (1,114 kg/ha) had comparative yields as the 
check during the dry season and only VC 3116-B-5-B (1,204 kg/ha) during the wet season. Line 
VC 3536-B-B-4 exhibited high resistance to both Cercospora leaf spot and powdery mildew. The disease 
infection, however, occurred during the late growth stage of the crop. 

In Set I1,the bean yields of the 23 entries evaluated during the wet season ranged from 847 kg/ha 
for VC 3751-3-B-I-1-13 to 1,644 kg/ha for VC 3890-B-2-1-I-B. The grand mean yield was 1,318 
kg/ha. Seven entries with mcn yields ranging from 1,485 to 1,644 kg/ha showed significant differences 
over the high-yielding check BPI-Mg5 which produced 1,205 kg/ha. Slight infection with Cercospora 
leaf spot and virus diseases was observed from Powering to maturity. 

The 50 entries in Set ItI were evaluated for the first season trial under the 1PYT. The yield of 
the top 10 entries ranged from 1,309 kg/ha for VC 4113-213-4-B-3-B to 1.447 kg/ha for VC 
4060-2B-2-B- I-B. The grand mean yield tor the 50 entries was 1,138 kg/ha. Only VC 4060-2B-2-B-1-B 
significantly outVieldcd the check. BPI-Mg5, which produced 1,104 kg/ha. 

There were significant differences observed on other agronomic characteristics measured. Infection 
with Cercospora leaf spot and virus diseases were noted during the wet season. 

General Yield Trial of Mungbean 

Summary 

Three sets of entries were evaluated in the general yield trial (GYT) in 1986-87. Set I comprised 
of 18 test entries, five of which outyielded the highest yielding check, BPI-Mg5 (1,616 kg/ha), although 
their mean differences were not statistically significant. In Set 11,only VC 3821-B-I-I-I-B which 
yielded 1.708 kg/ha outyielded the check, BPI-Mg5, with a yield of 1,629 kg/ha. Of the II entries 
in Set III. six promising lines with mean yields ranging from 1,286 to 1,496 kg/ha outyielded the 
check, BPI-Mg5 with a yield of 1,231 .0 kg/ha. These lines were also rated moderately resistant to 
C0rcospora leaf spot and mungbean virus. 

Introduction 

Selected materials from the preliminary yield trial (PYT) were elevated to the CYT to test their 
adaptability under local agrocliniatic conditions and their reactions to common pests and diseases. 
The results obtained from this trial served as the basis for selecting entries to be elevated to the regional 
yield trial (RYT) of' the National Cooperative Test. 

Materials and Methods 

Three sets of promising lines were evaluated ,uring the crop season of 1986-87. Set I with 18 
entries was planted on 6 July 1987 while Set: II and II were planted on 2 June 1987 for the first 
trial under the GYT. The entries were planted in four-row suibplots distributed in RCBD and replicated 
three times. The AVRDC cultural management practices fo.ir mungbean evaluation trial were used. 

Results and Discussion 

The grand mean yield of 18 entries in Set I during the wet season was 1,364 kg/ha. Five test entries 
outyiclded the highest yielding check. BPI- Mg5, which produced an average yield of 1,629 kg/ha. 
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Although high significant differences were obtained between entries, the top five entries did not 
•ignificantly outyield the check variety. The promising breeding lines were VC 3121-2B-1-1-B which 
yielded 1,898 kg/ha, closely followed by VC 3102-B-2-2B which produced 1,797 kg/ha. Five breeding 
lines were rated highly resistant to Cercospora leaf spot while VC 2917-B-l-B-4-2B was tolerant to 
inungbean virus. 

The grand mean yield of the 16 GYT entries in Set 11 was 1,449 kg/ha during the wet season. 
The highest yield of 1,708 kg/ha was produced by VC 3821-B-I-I-1-B which outyielded the highest 
yielding check, BPI-Mg5, w;'h yielded 1,629 kg/ha. The differences in mean yield among the 16 
entries, however, were not statistically significant. The three test entries identified highly resistant 
to Cercospora leafspot were '-_ 3849-2B- 1-I-B, VC 3751-1-B-2-2-B and VC 3890-2B-1-I-B. Virus 
was prevalent during the seedling stage. 

In Set III among the 10 elite lines previously selected at AVRDC, six lines with mean yields
ranging front 1,286 to 1,496 kg/ha outyielded the highest yielding check, BPI-Mg5, with a yield of 
1,231 kg/ha (Table 10). The difference, however, was not statistically significant. The grand mean 
yield of the II entries was 1,273 kg/ha. Line VC 3907A ranked highest (1,496 kg/ha) followed by
VC 3738B (1,411 kg/ha), then VC 3857A (1,380 kg/ha) and VC 3541A (1,314 kg/ha). These breeding
lines were also rated moderately resistant to both Cercospora leaf spot and mungbean virus. 

Table 10. Comparative growth and other agronomic characters of the six highest yielding
entries relative to the check r3PI-Mg5, wet season 1987.z 

Yield 100-seed Days to Plant No. of No. of CLS VirusEntry (kg/ha) wei;',ht Flowering Maturity ht.(cm) pods/plant seeds/pod rating y ratingx 

VC 3907A 1496 6.0 33 52 64.4 12.7 11.8 2.0 2.0 
VC 3738B 1411 5.4 33 52 59.5 10.8 11.3 2.0 1.0 
VC 3857A 1380 5.5 33 53 59.2 10.4 12.1 1.5 1.5 
VC 3541A 1314 6.0 33 52 61.9 10.4 11.3 2.0 2.0 
V" 3890A 1304 5.5 33 51 62.8 11.2 12.0 2.0 1.5
 
VC 3678A 1286 4.6 - 51 58.2 12.5 11.7 3.0 
 1.5
 
BPI-Mg5 (ck) 1231 5.0 
 - 52 66.9 12.1 11.8 1.5 2.0 

Grand mean 
(11 entries) 1237.4 5.35 32.50 51.03 62.06 11.27 11.43 2.18 1.64 

LSD (.05) ns 0.07 ns 1.38 6.92 0.86 ns 0.70 Os
 
LSD (.01) ns 0.09 ns ns 9.85 1.22 ns 1.00 ns
 
CV (%) 8.7t 0.58 1.71 1.19 5.00 3.43 3.23 14.50 26.00 

'Planted 2 June 1987 YScale of 1 to 5 with 1 = highly resistant and 5 = highly susceptible. xScale of I to 3 with 1 = 
resistant and 3 = susceptible. 

Regional Yield Trial 'f Mungbean 

Summary 

The Regional Yield Trial (RYT) is a cooperative endeavor among research institutions and agencies
involved in varietal improvement. For crop year 1996-87, line EGM 1973 (VC 1973) performed 
exceptionally well in all RYT sites, with yields of I, 164 and 1,177 kg/ha in both dry and wet seasons, 
respectively. It ranked first among the 12 entries in five loations during the wet season and in two 
locations during the dry season. Aside from EGM 1973, the four other AVRDC entries in the RYT 
were all rated moderately to highly resistant to Cercospora leaf spot, powdery mildew, rust and virus 
diseases. They also exhibited high tolerance to lodging. 

Introduction 

The RYT for mungbean under upland monocultare condition was undertaken in cooperation with 
the Institute of Plant Breeding and other organizations involved in mungbean varietal improvement.
It was conducted in 8 to 12 sites in the country to evaluate the performance of the promising mungbean 
lines in the different regions of the Philippines. The results obtained from the RYT served as the 
basis for recommending approval by the Philippine Seedboard of new varietal releases for commercial 
production. 
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Materials and Methods 

Entries in the RYT were evaluated for four seasons in the differ,'nt cooperating stations. , rie 
performances of the entries were reviewed by the Technical Committee each year. Entries tha)
consistently surpassed the yield or other important characteristics of the standard checks were submittzd 
to the Seedboard for apprval, while those inferior than the checks were dropped from the trial. 

For crop year 1986.87, 12 entries including the two checks were evaluated during the wet and 
dry seasons. Each entry was olanted in I0-iW four-row plots distributed in RCIRD with four 
replications. The ,trop management and data collection were based on the guidelines of the Upland
Crops National Cooperative Trial (UCNCT) of the Philippine Seedboard. 

Results and Discussion 

Among the five AVRDC entries. EGM 1973 (VC 1973) performed exceptionally well in all RYT 
sites with mean bean yields of 1,177 and 1,564 kt/ha during the dry and wet seasons, respectively.
It ranked first among the 12 entries in five locations during the wet season and in two locations during
the dry season. The other promising lines were EGM 2768 with an average yield of 1,282 kg/ha
in the wet season and 931 kg/ha in dry seascn, and EGM 1131 with an average yield of 1,235 kg/ha 
during the wet season and 977 kg/ha in the dry season (Table 11).

All the live AVRDC entries were rated moderately to highly resistant to Cercospora leaf spot,
powdery mildew, rust and virus diseases. They were also observed to be tolerant to lodging. 

International Mungbean Nursery 

Summary 

Of'the 20 IMN mungbean entries evaluated during the wet season, lines VC 2754A with an average
yield of 1,453 kg/ha and VC 2984 which produced 1,365 kg/ha outyielded the check, V 3476 or 
Pag-asa 1 (1.317 kg/ha). The differenc., however, was not significant. The grand mean yield for 
the 20 entries was 1,120.21 kg/ha. Cercospora leaf spot infection for all entries was moderate with 
a mean rating of 2.97%. 

Introduction 

The IMN is an International Cooperative Trial coordinated by AVRDC. The entries arc elite 
mungbean accessions collected from different countries of origin and sent to cooperating stations for 
evaluation. The study was conducted to provide information on: (a) the range of adaptation ef mungbean
crop; (b) specific adaptation of individual cultivars; and (c) the characteristics of the plant iuifluencing
adaptation. This also serves as a means of disseminating superior cultivars to inungbean researchers. 

Materials and Methods 

Twenty elite accessions from AVRDC were planted on 17 July 1987 for the wet season trial. 
Each entry was sown in four-row subplots distributed in RCBD and replicated three times. F'w length 
was 5 in and distance between rows was 0.5 m. The AVRDC standard cultural management procedures 
were used. 

Results and Discussion 

The results of the top 10 entries together with the check, V :476 (Pag- asa I), are presented
in Table 12. The yield ranged from 1,124 kg/ha for VC 2812A to 1,453 kg/ha for VC 2754A, with 
a grand mean yield of 1,120.21 kg/ha. Two lines. VC 2754A and VC 2984, outyielded the check 
V 3476 (Pag-asa 1), although the differences were not statistically significant.

Significant differences were observed for the other characters measured except for Cercospora 
leaf spot rating. 

http:1,120.21


00 
Table 11. 	Comparative growth and other agronomic characters of the promising AVRDC mungbean lines relative to two local 

checks evaluated in 1986-87. 

Yield 100-seed Days to No. of pods/ CLSx PMW Rust Virus 
Entry (kg/ha) wt. (g) maturity plant rating rating rating rating lodging 

DSyWSZ WS DS WS DS WS DS WS DS WS DS WS DS WS WS DS 
EGM 1973 1564 1177 6.5 6.5 62 61 17 12 2.0 2.2 2.27 3.1 1.6 1.4 1.5 1.2 1.5 
EGM 2768 1282 931 6.1 6.3 63 60 16 11 2.0 2.1 1.00 1.8 1.9 1.8 1.9 1.3 1.2 
EGM 1131 1235 977 5.0 5.5 63 60 13 13 1.6 2.3 1.67 1.7 1.6 1.6 1.4 1.1 1.2 
EGM 2307 1198 859 5.1 5.4 64 60 17 11 1.8 2.4 1.43 1.3 1.8 1.7 1.4 1.5 1.3
EGM 2755 926 826 6.4 6.6 62 60 13 11 1.9 2.2 - 2.8 2.2 1.8 1.5 1.3 1.4 
Pag-asa 5 (ck) 1260 923 5.8 6.0 62 60 16 11 1.8 2.0 1.33 2.3 1.7 1.8 1.6 1.? 1.1 
BPI-Mg5 (ck) 1241 939 5.8 6.0 63 60 16 12 2.0 2.0 1.33 1.5 1.7 1.5 1.6 1.3 1.3 

Mean 1255.04 925.88 5.58 5.99 62.85 59.97 16.34 11.46 1.58 2.17 1.35 2.05 1.70 1.61 1.5 1.30 1.22 
ZAverage of nine locations. YAverage of six locations. XCLS = Cercospora leaf spot. WPM = Powdery mildew. 

Table 12. Comparative growth and other agronomic characters of the 10 highest yielding entries relative to the check Pag-asa 1 
(V 3476) during the wet season 1987.z 

Yield 100-seed Days to Plant No. of No. of CLS Virus 
Entry (kg/ha) weight Flowering Maturity ht.(cm) pods/plant seeds/pod ratirg y ratingx 

VC 2754A 1453 6.2 35 58 64 9.4 9.8 3.0 1.7 
VC 2984 1365 3.7 33 58 68 10.9 11.8 3.7 2.3 
VC 1973A 1305 6.1 34 58 75 8.7 11.1 3.3 2.0 
VC 2764A 1241 5.3 35 58 69 8.3 12.0 2.3 2.0 
VC 3178A 1222 5.6 35 58 61 9.6 11.7 2.7 2.7 
VC 2750A 1205 5.2 35 59 63 9.7 11.5 3.0 1.7 
VC 2768A 1206 6.1 34 58 66 8.2 11.9 2.3 2.0 
VC 1628A 1167 5.5 35 58 65 8.2 11.6 3.0 2.3 
V 2010 1130 5.7 35 59 64 6.4 12.7 2.7 2.3 
VC 2802A 1124 5.0 34 58 62 9.5 11.7 3.7 1.7 
V 3476 (ck)w 1317 5.1 35 58 63 9.0 11.6 2.7 1.7 

Grand mean (2( entries) 1120.21 5.36 34.70 58.50 65.47 9.12 11.60 2.97 2.22 
LSD (.05) ns 0.98 1.03 1.10 8.72 2.11 0.90 ns 0.8;
LSD (.01) ns 0.11 0.38 1.43 ns 2.83 1.21 ns ns 
CV (%) 31.79 0.91 1.79 1.14 8.05 14.02 4.69 23.62 22.96 

-

2Planted 17 July 1987. YScale of 1 to 5 with 1 = highly resistant and 5 = highly susceptible. XScale of 1 to 3 with 1 = resistant and 3 = susceptible. 

00 



AVRDC-Thailand Outreach and
 
Regional Training Program
 

The AVRDC-Thailand Outreach a,,d Regional Training Program (AVRDC-TOP) conducts 
extensive regional training on vegetable production and research. It undertakes field trials on AVRDC 
mandated crops and is responsible in bringing the national programs the AVRDC-generated technologies
and improved germplasm and its training facilities to the other countries in the region.

The training phase of the regional training and outreach program is being carried out in close 
cooperation and participation of the National Training Center for Extension Workers of Kasetsart 
University. The AVRDC-TOP has established contacts and cooperation with various international 
agencies in Thailand and in other parts of the world to further promnote its training program.

For the period covering June 1986 through December 1987, the following research projects and 
trials had been established at the TOP experimental field: 

* 	Yield trial of AVRDC mandated crops, such as Chinese cabbage, sweet potato, tomato, 
mungbean, soybean and pepper; 

* 	Crop protection trials; 
* 	Cultural managemer. trials; 
* 	Seed multiplication and quality evaluation trials; 
o Home garden programs including nutritional assessment studie:;
 
" Disease and insect resistance screening; and
 
" Experimental research for the trainees and visiting scholars.
 

As part of its crop improvement program, several out-of-station research and on-farm trials were 
conducted in cooperation with government research and academic institutions and Thai farmers. These 
trials determined the performance and stability of AVRDC-developed varieties in different agroclimates
and method of cultivation as well as the adaptation of AVRDC-develooed technologies. For the period
1986 to 1987, a total of 56 on-farm research trials were conducted. 

Tomato 

From October 1986 through Dccemnber 1987, three tomato yield evaluation trials were conducted 
at the 'TOP field in Kasetsart University Kamphaeng Saen campus. These were trials on the new breeding
lines, one each for fresh market, table tomato F, hybrids, and processing tomato F1 hybrids, and 
a trial for open-pollinated new AVRDC lines. Trials on the new F1 hybrids were carried out during
the cool season (October 1986 to February 1987), while the only trial on the open-pollinated lines 
was done during the rainy season (May 1987 to September 1987). 

Of the 10 hybrids tested plus the local check, six yielded more than 30 t/ha (Table 1). FMTT 
23 produced the highest market fruit yield at 37.7 t/ha followed by FMTT 16 at 36.38 t/ha. The
lowest yielder was Chang Feng at 3.16 t/ha. Fruit size was significantly higher in the local check,
Chang Feng. Four hybrids as well as the local check cracked. Since the crop was grown (luring the 
cool period of the year, flowering, fruit setting, ripening and harvesting were highly favored. 
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Table 1. Yield and other horticultural characteristics of 11 fresh market tomato 
varietiesz evaluated at the TOP field, October 1986 - February 1987. 

Grovth Days to Fruit characteristics Yield
Variety habit y flowering Color Size (g) Shape Crack (t/ha) 

SP+FMTT 3 26 uniform 102 round - 20.24 
Sp +FMTT 4 26 uniform 91 round - 24.74 
SP+FMTT 13 27 uniform 101 round 17.17 
SP+FMTT 14 23 uniform 79 round - 32.26 
SP+FMTT 16 24 uniform 65 round - 36.38 

FMTT 18 SP+ 24 uniform 59 round 28.72 
FMTT 19 SP 27 uniform 64 round - 30.23 
FMTT 21 SP 24 uniform 57 round - 35.30 
FMTT 22 SP 25 uniform 70 round - 34.40 
FMTT 23 SP+ 23 uniform 89 round 37.74 

SP +Chang Feng 30.5 w/green 110.47 round 3.16 
(ck) shoulder 

ZTomato varieties 10 new AVRDC Flhybrids + local check. YSP+ = indeterminate. 

Results of previous experiments indicated that processing tomatoes at the TOP field are best grown 
during the months of October to February. During this regular growing period, foliar diseases, though 
present are not severe. All of the II AVRDC F, hybrids tested during this season outyielded the 
commercially grown local check P 502 by as high as 147%. with PT 4148 as the highest yielder at 
54.0 t/ha followed by PT 4030 at 51.5 t/ha. However, when compared statistically only these two 
hybrids significantly outyielded the local check which yielded only 23.5 t/ha. The local check had 
heavier fruits than these new AVRDC lines. PT 4132 had the highest soluble solid content at 5.04 
'Brix. The oH or the acidity of the fruits ranged from 4.4 to 4.6. The highest yielder, PT 4148, 
and the average yielder. PT 4027, were foun.I to be the most or highly susceptible to bacterial wilt. 
PT 4030, which isquite resistant to bacterial wilt, was found to be the most susceptible to early blight
disease followed by PT 4045. In terms of fruit color and firmness, AVRDC's new F, hybrids did 
not reach the factory standard. Processing factories in Thailand prefer red and firm tomatoes. All 
of the 11 AVRDC's F, hybrids were orange and not firm (Table 2). 

The new open-pollinated tomato breeding lines from AVRDC carry heat-tolerant genes which 
made them set fruit during the hot-wet season with a minimum temperature of not more than 24°C. 
They all have larger fruit sizes than the former heat-tolerant lines tried at the TOP field. On the other 
hand, the check cultivar. Floradel, failed to set fruit. Among the indeterminate type, CL 
5915-39D4-1-2-0 gave the highest yield of 26.6 t/ha while CL 5915-206D4-2-4-0 gave the lowest 
yield of 8.7 t/ha. Of the determiiate types and among the eight lines tested, CL 59,5-93D4-1-0 was 
the highest yielder at 28.3 t/ha. Yield ofthi. group did not fall below 2G t/ha (Table 3). Fruit shapes
varied from cylindrical to deep oblate. The highest yielder among the indeterminate type, CL 
5915-39D4-1-2-0, also had the highes;t soluble solid content of 6.6 'Brix. Considering the positive 
characters of some of these lines, they were used in the breeding program to improve the yield of 
tomatoes in the lowland during off-season production. 

Tomato Variety for Release in 1988 

After a series of tests at the TOP field and on farm trials conducted in different locations in Thailand, 
a new tomato variety has been approved for release in early 1988 under the local name 'Seedathip'. 
This variety, which is an F7 of the cross of CL 1131-0-0-13-0-6 (an AVRDC line) X Seeda (local 
variety), is of determinate type, heat tolerant and early maturing. It has also a very short harvesting 
period. The first harvest is at 85 days after sowing and 80% of the fruits can be harvested in only 
20 days after the first harvest. It has a yield twice that of the local variety Seeda and its fruits are 
ovate, small about 25 g, pink orange at ripening stage, with a strongly set/attached calyx. 

This variety is an improvement over Seeda. Its release will not stop AVRDC-TOP in its tomato 
varietal improvement program. More work will still be carried out for further improvement using 
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Table 2. Results of AVRDC new F, hybrid processing tomato trial evaluated at KU KPS, 
October 1986 - February 1987. 

Fruit characte.ristics 

Variety Yield'Yed 
(t/ha) 

Coloroo Size (g)ie() SolidSld 
content 

pHp Firmnessimes WiltWl 

(%) 
Early yal 

blight 
Obriv 

PT 4148 54.0 a orange 50 4.56 4.4 - 10.2 2 
PT 4030 
PT 4037 

51.5 a 
45.0 ab 

orange 
orange 

63 
64 

4.20 
4.71 

4.5 
4.4 

-
-

2.5 
7.5 

5 
2 

PT 4045 
PT 4088 

45.6 ab 
47.8 ab 

orange 
orange 

72 
60 

4.64 
4.46 

4.4 
4.5 

-
-

2.6 
6.2 

4 
3 

PT 3027 
PT 4090 
PT 4027 

40.4 ab 
39.4 ab 
40.0 ab 

orange 
orange 
orange 

52 
65 
47 

4.42 
4.65 
4.46 

4.5 
4.4 
4.5 

-
-
-

3.0 
5.2 

10.4 

2 
3 
2 

PT 4082 
PT 4041 
PT 4132 

33.6 ab 
33.9 ab 
31.8 ab 

orange 
urange 
orange 

62 
63 
56 

4.66 
4.57 
5.04 

4.5 
4.5 
4.5 

-
-
-

0.0 
3.0 
2.8 

3 
2 
2 

PT 502 (ck) 21.8 b red 80 4.53 4.6 + 3.5 3 
ZMeans followed by the same letter are not significantly different at 5% level of probability by DMRT. YScore: 
I = light, 5 = serious. 

Table 3. Yield and fruit characteristics of new open-pollinated AVRDC breeding lines, 

May to September 1987. 

Fruit characteristics 

Variety Growth Days to Shape Size Solid Yieldhabit' flowering (g) (t/ha)
0Brix 

CL 5915-206D4-2-2-0 SP* 28 Cylindrical 51 5.3 21.2 
CL 5915-206D4-2-4-0 SP' 26 Cylindrical 51 5.8 8.7 
CL 5915-206D4-2-5-0 SP 27 Cylindrical 52 5.9 17.0 
CL 5915-39D4-1.2.0 SP, 21 Globe 45 6.6 26.6 
CL 5915-93D 4-1-0 Sp 22 Globe 51 5.4 28.3 
CL 5915-223D4-2-1-0 SP+ 26 Globe 51 5.6 22.6 
CLN 65-349D 5-2-0 SP+ 24 Globe 45 5.2 26.3 
CLN 95-280D5-1-7-0 SP 24 Deep Oblate 63 5.3 20.0 
Floradel (ck) - - -

Unable to set fruit 
ZSP' = indetorminate, SP determinate.= 

AVRDC's best breeding lines. Hopefully. a new processing tomato variety better than the popular
and commercially used ones will be released soon. 

Chinese Cabbage 

In 1987, trials were concentrated on the on-farm evaluation of Hybrid 62 (ASVEG 1) in different 
parts of Thailand. A total of 79.2 kg of Hybrid 62 provided by AVRDC were divided into smaller 
packages and distributed for evaluation to the agricultural institutes located in different regions of 
Thailand. Seeds were also distributed to farmers who have experience in growing Chinese cabbage 
for the evaluation of farmers' preference as well as the marketability of this variety in the summer season. 

Questionnaires were also sent out for information on the cultivation practices adopted, the problems 
met as well as other observations made during the growing period until markeling. Responses were 
received from 14 farmers in different regions; nine trom the central, three from eastern and one each 
from the southern and northeastern regions. 
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Responses from these farmers showed that off-season Chinese cabbage was usually grown or 
a flat area of about 150 to 500 i 2 . Most of these farmers used direct seeding by sowing 1-2 seeds/hil
with spacing of approximately 30 x 40 cm. Irrigation was done everyday by pumping water fron 
a canal through plastic pipes. 

Most of the farmer respondents failed to grow Chinese cabbage due to heavy rain during the yount
stage. The other constraints were insects and some diseases, such as dianondback moth, soft rot ant 
downy mildew. These farmers also reported that Hybrid 62 had more rapid growth than any othe 
commercial cultivar and matured earlier at 42.5 days after sowing. Average head weight was aboui 
500 to 800 g. In summer, average yield was 20.6 t/ha, but in the rainy season the yield might bc
lower depending upon the planting density. The product was also acceptable to traders in Nakhor 
Pathom who bought it at US$.32/kg. However, Chinese cabbage with longer head shape (cylindrical) 
was more 	acceptable. 

These on-farm trials also showed that Hybrid 62 can be grown well in central and southern Thailand. 
It has a good head forniation and is high yielding compared to the local cultivar, especially in the 
summer season. Furthermore, its production cost is lower due to its rapid growth and early maturity.

A new set of trials, both experimental and on-farm, of sone promising AVRDC Chinese cabbage
lines commenced last October 1987 in coordination with the training program. Results of these trials 
will be included in next year's report. 

Sweet Potato 

Nine sweet potato cultivars from AVRDC and one local check were evaluated for yield and 
horticultural characters under short growth duration in the experimental field of TOP in Kampliaeng
Saen. Differences in yield potential, horticultural characters, eating quality and pest damage were 
statistically significant even at early harvest conditions. Results further indicated that sweet potato
varieties Ungbuay. CN 1028-15 and PC#9 can be classified as early maturing and desirablc. Taking
all factors into account. CN 1028-15 came out best due to its good quality, tolerance to weevil and 
good agronomic characters (Table 4). This culfivar was previously classified as feed type: however, 
this study indicated that CN 1028-15 can be used for human consumption. 

Table 4. 	Root yield of 10 aweet potato cultivars evaluated at TOP/KPS experimental 
field, 1987. 

Marketable root Cull root Total root Marketable
 
t/ha 5 %z kg/plot t/ha kg/plot t/ha 5% kg/plot Yield (%)
 

PC #9 21.45 a 7.15 5.25 1.75 25.20 a 8.40 85.1
 
CN 1028-15 19.74 ab 6.58 2.34 0.78 
 22.05 	 ab 7.35 89.4
PC #3 15.24 bc 5.08 2.04 0.68 17.25 c 5.75 88.3
 
Cl 608-652 14.49 bc 4.98 
 3.54 1.18 18.45 bc 6.15 82.5
CN 942-47 13.14 c 4.38 3.00 1.00 16.41 cd 5.38 82.4
 
AIS 35-2 11.25 cd 3.75 3.06 1.02 14.34 cd 4.78 78.5
 
Cl 431-12 10.56 cd 3.52 2.04 0.68 12.60 
 de 4.20 84.9
 
I 591-51 7.8 
 d 2.60 1.86 0.62 9.66 e 3.22 80.6

1166 7.8 d 2.60 1.74 0.58 
 9.45 e 3.15 83.5
 
Ungbuay 22.74 a 7.58 3.15 1.05 25.86 a 
 8.62 87.8 

'Means followed by the same letter are not significantly different at 5% level of probability by DMRT. 

Soybean
 

In late rainy season of' 1986, two additional trials were conducted in the TOP field but their results 
were not included in last year's report. These were yield evaluation trial of' soybean lines introduced 
from AVRDC and a resistance trial on soybean pod borer. 

Based on yield and yield components of all 12 soybean lines and varieties (Table 5), AGS 270 
and AGS 208 gave higher yield than both check cultivars. AGS 208 also had large seed size, 17 g/ 100 
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Table 5. Yield and yield components of 12 soybean varieties grown in late rainy season, 
1986. 

Lines or Yield at harvestPlant stand NumberNme off Nme l0seNumber off 100-seed 
varieties (lg/ha) (plant/n 2 ) pods/plant seeds per pod weight (g) 

AGS 270 1657 az 22.0 abc 29.3 b 2.02 c 12.4 c
AGS 208 1558 ab 25.0 ab 22.9 c 1.95 c 17.0 b
AGS 129 1308 bc 25.1 a 27.3 bc 2.21 b 10.7 de 
AGS 217 1297 bc 23.5 abc 30.4 b 2.13 b 12.9 c
AGS 299 1207 c 24.2 abc 28.2 bc 2.14 b 10.8 d
AGS 160 1097 c 24.5 ab 29.4 b 2.17 b 9.6 e
AGS 162 1007 c 19.9 abcd 26.5 bc 2.16 b 12.3 c 
AGS 324 985 c 23.4 abc 38.0 a 2.27 b 4.7 f
AGS 124 619 d 24.1 abc 13.0 d 2.54 a 10.3 de
AGS 65 595 d 19.7 bcd 23.2 c 2.21 b 9.9 de
OCB 1016 c 15.1 d 22.5 c 2.09 bc 18.9 a
SJ 5 (ck) 1107 c 19.1 cd 30.3 b 1.94 c 11.0 d 
CV (%) 19.36 14.47 14.30 5.45 5.52 

ZMeans followed by the same letter are not significantly different at 5% level of probability by DMRT. 

scds, and can be used as vegetable. Correlations between yield and yield components across all varieties 
showed that plant stand at harvest, number of pods per plant and 100-seed weight were positively
correlated, whereas number oi seeds per pod was negativcly correlated. Il reference to desirable 
agronomic characters, reacions to diseases, insects and seed quality, OCB was found only as the
second early- maluring cultivar, yet it had the highest susceptibility to downy mildew (Tables 6-7).
Although neither rain nor relative humidity was a problem during harvest, seed quality of the varieties 
was rather poor. AGS 324 and AGS 124, the earliest and the latest maturing varieties from AVRDC, 
respectivel\,, had the worst seed quality.

Results of the trial on soybean pod borer resistance indicated that although there were large
differences in yield among varieties, it was not significant as the CV of the experiment was also high.
Signiflcant dif'ferences were noted ill 100-seed weight, plant height, disease reaction and total insect 
damage. However, resistance in some lines, such as OCB, was partly due to tie escape nature as 
it was the earliest cultivar tested. Coefficients of variation of all traits studied were extremely high
ill this experiment. Ilowever, those are common with insect experiments of this type.

Some of tie activities conducted in 1987 were: testing of AVRI)C lines, other introduced lines,
vegetable soybeans, as well as the incorporation of rcsistant genes from AVRIDC lines into the Thai 
recommended cuhivar, Nakhon Sawan I. 

Fifteen AVRDC soybean lines were tested twice in 1987 (dry and rainy seasons). Results showed 
that AGS 270, 208, 129 and 217 were among the susceptible lines with average yields of 1.7, 1.6,
1.3 and 1.3 t/ha. respectively. AGS 208 can be used as vegetable soybean since it has large seeds 
of over 17 u/ 100 seeds. AGS 129 is highly resistant to both downy mildew and bacterial pustule 
the most important diseases of soybean grown in central Thailand. 

A downy mildew resistanit gene from the line ;.,'I be incorporated into Nakhon Sawan I (NW
I). the cultivar newly released by ihe Thai Department of Agriculture, to reduce the latter's susceptibility
to Perolnosl)ra manshrica. Furthcimore, this :ross will hopefully also increase ile resistance of 
NW I to bacterial pustule disease. 

Soybean lines f'om other international agencies, such as the International Institute of Tropical
Agriculture (IITA) in Nigeria, were introduced into the program and evaluated against the Thai 
recommended cutivar, during both dry and wet seasons in 1987. File promising lines f'ron this set
of 12 will be combined with AVRDC elite lines and the Thai recommended cultivars to form a set 
of treatments to be evaluated in 1988. Superior lines from these latter trials will soon be extended 
for on- larn trials in central and eastern Thailand. 

With the increasing demand for vegetable soybean, 15 vegetable soybean cultivars introduced
from AVRDC were tested against NW 1. Evaluation was carried out in cooperation with Chiang Mai 
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Table 6. Agronomic characters of 12 soybean varieties grown in late rainy season, 1986. 

Plant No. of No. of 
Varieties Emergence Days to Maturity height nodes/ branches/ Lodging Shattering flowering 	 (cm) plant plant 

AGS 270 5 31 91 36.0 9.2 1.57 1 1 
AGS 208 5 31 85 40.0 9.4 2.23 1 2 
AGS 129 5 31 88 59.9 14.4 1.10 1 1 
AGS 217 5 31 89 48.2 10.9 1.30 1 3 
AGS 299 5 31 83 59.4 10.9 1.85 1 1 
AGS 160 5 32 84 52.1 11.0 2.75 1 1 
AGS ,62 5 31 87 48.8 11.4 1.23 1 2 
AGS 324 5 31 78 60.6 13.3 4.02 2 1 
AGS 124 9 29 94 71.3 15.1 1.35 2 1 
AGS 65 5 32 90 53.5 13.3 2.85 3 1 
OCB 5 29 80 542 9.7 2.00 1 1 
SJ 5 5 32 94 52.0 10.6 2.30 1 1 

Table 7. 	Disease, insect pest and seed quality ratings of 12 soybean varieties grown 
in lata rainy season, 1986. 

Varieties Rust Downy Anthracnose Bacterial Bacterial Soybean Bean Leaf-eating Seed 
mildew blight pustule mosaic fly insects quality 

AGS 270 221 1.6 2.2 1.0 1.0 1 2 1 2 
AGS 208 331 1.0 2.6 1.0 2.3 1 3 1 1 
AGS 129 221 1.0 1.9 1.0 1.0 1 2 2 2 
AGS 217 331 1.0 3.3 1.8 2.0 1 2 2 2 
AGS 299 342 1,0 1.8 1.0 1.5 1 3 2 2 
AGS 160 331 1.0 3.1 1.2 2.0 2 2 2 2 
AGS 162 331 1.0 2.7 1.2 2.3 1 3 1 3 
AGS 324 332 1.0 4.1 2.1 2.0 2 3 1 4 
AGS 124 321 1.0 2.7 1.2 1.5 1 2 2 4 
AGS 65 322 1.0 3.8 1.2 1.5 2 4 1 3 
OCB 321 3.0 2.0 2.1 2.8 1 4 1 1 
Si 5 321 1.6 2.0 1.0 1.3 2 2 1 2 

Field Crops Research Center anu some other stations of the Department of Agriculture. Results from 
the rainy season experiment revealed that Vesoy #4, Vesoy #1, 7016 and NW I gave reasonable and 
acceptable yield. However, they had small seeds which were not tip to export standard. 

Mungbean 

Several trials which dealt not only on varietal evaluation but also on the effect of fertilizer and 
flower removal and behavior of several mungbean varieties were conducted in 1986, but were not 
reported since data collection ended on December 1986. 

Results of the 14th IMN conducted at the TOP field from September to November 1986 showed 
that few lines were able to give significantly higher yield than VC 1973A (KPS l)(Table 8). However, 
most of these lines had lower seed weight than VC 1973. Seed size is as important as the yielding 
ability for Thai farmers to accept newly introduced mungbean varieties. VC 301213, the highest yielding 
line, yielded 1.,,7 t/ha, but was among those with smallest seed size. VC 2755A and VC 2768A were 
comparable to VC 1973A in both yielding ability and seed size. These two lines need further evaluation. 

The evaluation of selected sublines from VC 1973A (KPS 1) and VC 2778A (KPS 2) revealed 
that lines extracted from VC 1973A were rather uniform and showed no variation in any trait measured 
(Table 9). However, lines extracted from VC 2778A displayed some variation in yielding abilities 
and other agronomic characters, e.g. seed weight, number of seeds per pod, number of pods per plant 
and reaction to Cercospora leaf spot. Not one line displayed overall superiority compared with the 
mass selected Kamphaeng Saen I and 2. Lines with higher yield than the mass selected population 
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Table 8. Average yield and some agronomic characters of 20 mungbean lines at 14th 
IMN, late rainy season. 

1000- Pt r t Dy
Variety or Yield seed wt. Seeds/ Pods/ Pit.hvest Days Days to 1stpedigree (t/ha) (g) sedw.harvest plant tc 1st ripe podpod (cm) flowering Dast1t 

V 2010 1.05 fz 72.9 ab 13.6 a 9.28 e 73.9 ab 37.32 a 53.60 a 
V 2984 1.09 a-e 50.5 i 12.1 ab 17.90 a 70.7 abc 33.50 f 48.50 f 
V3476 1.40 de 60.7 fgh 12.6 ab 13.30 abc 65.2 d-g 35.06 b-f 50.30 de 
V3726 1.30 def 66,8 b-f 9.95 b 9.25 e 64.3 efg 33.80 ef 49.80 ef 
V 1628A 1.58 b-e 63.9 d-g 12.6 ab 13.20 abc 68.2 b-g 34.50 c-f 51.00 cde 
V 1973A 1.42 cde 70.5 a-d 11.9 ab 10.90 cde 76.5 ab 35.00 b-f 52.00 a-d 
VC 2750A 1.66 a-d 62.6 efg 12.1 ab 12.90 a-d 72.9 a-e 36.50 ab 52.80 abc 
VC 2754A 1.64 a-e 65.0 def 10.9 ab 11.80 b-e 70.8 a 35.50 a-e 53.00 ab 
VC 2755A 1.60 a-e 73.8 a 12.1 at) 11.60 b-e 79.3 a 35.00 b-f 51.30 b-e 
VC 2764A 1.75 a-e 63.3 efg 11.9 ab 11.70 b-e 76.4 ab 35.50 a-e 52.30 abc 
VC 2764A 1.83 abc 65.7 c-f 13.3 a 15.20 a 76.9 ab 30.30 def 51.30 b-e 
VC 2768A 1.65 ab 71.8 abc 12.2 ab 10.50 de 63.6 fg 36.30 abc 52.50 abc 
VC 2771A 1.54 a-e 69.0 a-e 12.3 ab 12.60 a-d 65.9 c-g 35.80 a-d 52.50 abc 
VC 2802A 1.31 a-e 57.8 h 12.2 ab 13.10 a-d 59.6 g 36.00 a-d 52.30 abc 
VC 3004A 1.43 ef 62.6 fg 12.2 ab 13.10 a-d 65.8 e-g 35.80 a-d 52.30 abc 
VC 3012A 1.55 cde 53.6 1 12.9 ab 15.00 a 69.7 b-f 36.00 a-d 52.02 a-d 
VC 3012B 1.87 a 55.9 b 12 7 ab 14.10 ab 69.8 b-f 35.82 a-d 51.00 de 
VC 3061A 1.63 a-e 57.9 h 13.1 ab 11.60 b-e 73.8 a-d 36.00 a-d 52.80 abc 
VC 3178A 1.52 b-e 67.2 a-f 11.9 ab 11.70 b-e 67.2 c-g 35.80 a-d 52.80 abc 
VC 3301A 1.49 cde 55.9 h 12.7 ab 13.30 abc 65.3 d-g 36.30 abc 51.80 bc 
CV % 14.46 7.36 16.51 14.05 7.78 3.09 2.20 
ZMeans followed by the same letter are not significantly different at 5% probability level by DMRT. 

Table 9. Average yield and some agronomic characters of 16 mungbean lines, early rainy 
season, 1986. 

Variety name 
pedigree 

or Yield 
(t/ha) 

1000-seed 
wt. (g) 

Seeds/ 
pod 

Pods/
plant 

Plant 
ht. 

Dayst
f nt 
flowering 

Lodging CLS 

VC 1973A Sel# 1 
VC 1973A Sel#3 
VC 1973A Sel#4 
VC 2778A Sel# 1 
VC 2778A Sel#2 

1.28 b 
1.26 b 
1.23 b 
1.31 b 
1.85 ab 

72.3 ab 
76.0 ab 
70.7 b 
73.8 at) 
70.6 b 

10.6 b 
10.8 ab 
12.4 ab 
12.2 ab 
11.5 ab 

14.5 b 
14.8 b 
12.2 b 
16.9 ab 
18.8 ab 

62.9 ab 
64.9 ab 
65.8 ab 
59.3 ab 
54.4 ab 

34.5 ab 
35.5 ab 
35.5 a 
33.3 b 
33.0 b 

3.33 ab 
1.67 ab 
3.67 ab 
1.83 b 
1.67 b 

2.67 ab 
2.33 b 
2.00 b 
2.67 ab 
1.67 ab 

VC 2778A Sel#4 
VC 2778A Sel#5 

2.11 a 
1.98 ab 

67.8 b 
751 ab 

12.6 a 
12.6 a 

19.4 a) 
20.6 a 

65.6 ab 
61.7 ab 

33.7 b 
33.0 b 

1.17 b 
1.67 b 

2.00 b 
2.67 b 

VC 2778A Sel#9 
VC 2778A Sel# 10 
VC 2778A Sel# 11 

1.26 b 
1.56 b 
1.32 b 

75.8 ab 
74.9 ab 
70.3 b 

11.5 ab 
11.2 ab 
12.2 ab 

16.3 b 
18.0 ab 
15.8 ab 

55.9 ab 
60.5 ab 
56.6 ab 

33.0 b 
33.8 ab 
34.3 ab 

1.67 h 
2.67 ab 
2.17 b 

1.00 b 
1.33 b 
1.67 ab 

VC 2778A Sel#12 
VC 2778A Sel# 13 

1.10 b 
1.70 ab 

65.6 b 
79.8 a 

11.4 ab 
11.3 ab 

13.2 b 
13.8 L 

50.0 1) 
643 ab 

38.3 b 
33.8 ab 

1.00 b 
2.50 ab 

2.33 b 
1.00 b 

VC 2778A Set#14 
KPS u1 
KPS #2 
Uthong 1 

1.03 b 
1.06 b 
1.68 ab 
0.72 c 

80.8 a 
75.0 ab 
65.1 b 
72.4 at) 

12.1 ab 
101 b 
11.8 ab 
11.2 ab 

14.6 b 
119 b 
19.9 ab 
16.0 at) 

49.0 b 
56.2 ab 
62.8 ab 
74.8 a 

34.0 ab 
34.2 ab 
33.3 b 
35.2 ab 

2.00 b 
2.82 ab 
2.83 ab 
4.00 a 

3.17 a 
2.67 a 
2.00 b 
3.00 b 

CV % 25.14 17.99 6.92 17.99 17.90 2.63 33.76 28.49 
ZMeans followed by the same letter are not significantly different at 5% probability level by DMRT. 

were inferior in other aspects. It is also possible that variation among the selected lines was not real 
since the coefficients of' variation (CV) of some characters were abnormally high. Thus, the mass 
selected materials could be eniploved as base population for luture purification and expansion of the 
cultivars. 

Application of li'liar fertilizer and honey did not result in any differences among the treaments. 
However, both Hno and Honey hormones tended to increase seed weight of VC 2778A (KPS 2). The 
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succeeding fertilizer triais using different rates and kinds of fertilizers did not extract any real response 
from both KPS Iand KPS 2, perhaps since the experimntal plots were heavily applied with conplete 
fertilizer in previous years. 

In a physiological study conducted on removal of flowers. it was found that later flower removal 
seemed to produce smaller seeds compared to earlier flower removal or no re,noval at all. It is rather 
normal for mungbean to set smaller seeds at later flush of flowering. 

The AVRDC-TOP mungbeaii prograim; for 1987 focused on the following trials: 1)maintenance 
of KPS I and KPS 2. 2) evaluation of new AVRDC lines against the established local varieties (15th 
IMN) and insect resistance trials, 3) establishment of experiments and demonstration plots for the 
Second International Mungbean Symposium held 16-20 November 1987 in Bangkok. 

KPS I and KPS 2 had gained more and more popularity among Thai farmers. Although both 
government and private sectors are supplying some amount1of seeds to farmers annually, the quantity 
is still small compared to seeds from other cultivars (Uthong I and some local varieties). The latter 
cultivars contaminate anJ reduce the potential of KPS varieties. In this regard. a program to maintain 
their genetic purity was set up since the release of these two cultivars in 1985. The pure line method 
of selection is employed and the resulting seeds are used for research purposes and distributed frec 
to farmers. 

Preliminary results of thc 15th IMN showed that no new entries could outperform VC 1973A 
(KPS 1) in terms of yield and seed si.. which are the two most important characters for Thai farmers' 
acceptance. Of the 10 mungbean lines reported resistant to several insects at AVRI)C, none displayed 
any superiority over KPS I and KPS 2 in terms of insect resistance in Tiiland. 

As mentioned earlier, one of the activities of the programi was the sett g tip of experiment and 
demonstration plots to be used as show window for the participants of ,.;e Second International 
Symposium on Murighean. These experimental plots were on the planting date responses of KPS I 
and KPS 2 and also on their responses using different spacings and number of plants per hill. Three 
additional demonstration plots were also established to show the fertilizer responses of KPS I and 
KPS 2, the mungbean-sugarcane intcrcropping system and the mungbean varietal and germplasm 
collection at TOP/AVRDC. 

In these varietal collection plots, a set of good agronomic and fIncy'" mungbean introduced 
from AVR,." and various places in Thailand were grown. This drew attention not only from the 
participants but als,o from students, local and international scientists who visited the TOP field. Requests 
for seeds from the program have been steadily increasing since these are excellent materials for genetic 
studies. 

New Variety Released in 1987 

A new mu,ngbean variety was officially released by the Department of Agriculture of Thailand 
in September 1987. This variety, a cross of VC 1178/MG50-10H/Y and ML-6 was released under 
the local name of "Chainat 60'. This is an F3 generation of one of the 30 crosses sent to the 
Department of Agriculture by AVRDC for field testing in different locations in Thailand. It is early 
maturing, in t'ict. the earliest maturing among all nmngbean varieties available in Thailand. First harvest 
could be made 55 days after sowing and yield response can be increased from 200.000 to 600,000 
plants/ha. It is erect and has a compact plant canopy. Average experimental yield was 1.38 t/ha while 
yield in farmers' fields ranged from I. 10 t/ha to 1.37 t/ha. It has good nutritional quality and good 
agronomic characteristics, such as 45 7 starch content, 20.6% protein content, II to 12 pods per plant. 
9 to 10 seeds per pod, shiny green coat, white hilum, 33 days to first flowering, 47 days to first ripe 
pod. 50.5 cm plant height, and 51 g 1000-seed weight. 

Home Garden 

Several home garden patterns were developed in 1987. These patterns were extended to some 
areas in cooperation with the Department of Agricultural Extension (DOAE). A training for extonsion 
agents from different agricultural extension offices will be conducted in 1988. They will be trained 
on home gardening technologies using the KPS model and developed patterns. Expansion of the home 
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garden trials were carried out in cooperation with Chiang Mai University. The KPS model was modified 
to suit the particulars of the locality as well as the preference of the local people. A technoguide on 
home gardening was also developed this year. and it will be updated and supplemented with new data 
from developed models in other locations in Thailand. 

Aside from the 25-i1 2 plots fbr production of the different kinds of vegetables following the 
developed model, bigger plots were also established for vegetable secd production. The seeds will 
be given to DOAE for further multiplication and distribtition to different agricultural extension offices 
for their on-lari home gardening activities. 'Fo cope tip with the increasing demand for seeds of these 
hone garden vegetables. multiple cropping, cropping rotation and other efficient methads for a fast 
turnover were adopted. 

In these 25-in- plots which consisted of three I in x 5 in beds. niore than 30 kinds of vegetables
(leaf', fruit and beans) were grown, giving good yield and high market returns. Three garden plots
also served as dcnionstration plots for students, farmer visitors and researchers, giving them insights 
on the most effective way of imaintaining a productive home garden. TFable 10 shows the kind of 
vegetables grown in TOP home g:,rden in KPS and the total monthly production. 

Table 10. 	 Total lield (kg) of various kinds of vegetables from home garden plots 
(25 m ) at TOP/KPS, 1987. 

Crop Jan Feb. Mar Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 
Chinese radish KU- 1 1.25 6.43 4.61 - - - 4.71 - - - 10.01 
Chinese kale 1.99 4.93 3.91 0.91 - 2.94 - - 2.49 - 3.20 
Green onion - 14,70 038 11.00 - 1.57 - 1.86 - -
Green Kwang Futsoi 
Chinese cabbage 
Water convolvulus 

21.24 
-

12.40 -

- 9.46 

10.88 
-

12.50 

-

9.78 

-
-

-

7.82 

5.89 

-
-

9.56 

6.63 

12.32 

-

4.06 
11.39 

1.81 
-

6.48 
Coriander - - 0.38 0.85 - - 0.27 - - - -
Chinese chive 
Arnaranthuw 

1.12 
-

1.57 
-

2.31 
-

270 
-

116 
-

3.62 
-

2.57 
5.52 

2.16 
6.43 

1.59 
-

0.28 
-

0.70 
-

0.15 
-

Yardlong bean - 0.30 3.98 0.44 - - - - - 3.06 5.89 -
Cucumber 1.56 2.87 0.32 1.41 0.48 - 3.01 6.40 - - 0.37 8.43 
Bitter gourd - - - 2.22 3.38 - 1.88 13.13 8.61 3.50 - -
Snapbean (polo) 
Lemon grass 

-
-

-
-

-
1.63 

-
0.78 

-
1.09 

-
1.90 1.28 0.83 

-
1.14 

-
0.26 

0.44 
0.26 

-

Hot pepper - - 0.11 0.10 0.15 0.16 008 0.16 0.03 0.05 0.16 -
Sacred Basil 
Hoary Basil 

0.63 
0.14 

0.49 
0.33 

0.58 
0.15 

0.73 
0.23 

052 
0.18 

0.86 
0.21 

0.79 
0.11 

0.58 
0.24 

0.65 
0.54 

1.28 
0.27 

0.87 
0.26 

-
-

Sweet Basil 0.49 0.26 0,18 0.32 032 0.23 0.22 0.22 0.28 0.52 0.34 -

Other Activities Related to Vegetable Production and 

Research/Symposia, Workshops, etc. 

Workshops/Symposia 

One of the ma jor activities undertaken by the AVRDC-TI' in 1987, in addition to its regular
research and training activities, was the conduct of the Second International Sym)osiuin on Mungbean
held in Bangkok front 16-20 November 198-.. 'his workshop, which was attended by around 260
scientists froni 30 countries all over the world, was recognized as a great success. During this workshop,
tile participants were able to discuss tile latcSt dcvelopmCnts oni ninighean research and developmcnt,
and various problenis a-nd possible solutions inet hV different participants in their inLtigaelaln research 
and production activities. 

The AVRDC-TOP. in coope ration with the governinicnt of T'lailand, KU, DOAF and DOA, were 
resptonsible for all the local arrangel1lmets. One of fhe hgighlights of this sy niositi ni ilwas the presentation
of tlhree papers front China, which reported on the recent progress of lntnlhcan research and 
developnci wor, u ing AVRDC niuigbean niaterials. Presentation of these papers was made possible
through the efforts of AVRDC-TOP. One paper which sunimarized the history, current status and 
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benefits of research cooperation on the mungbean crop between A VRDC and Thailand was presented 
at the Symposium by an AVRDC-TOP scientist. 

Other Cooperative Works 

As part of the cooperative work with the Food and Agriculture Organization (FAO). ademonstration 
plot of I ha, where six experiments designated to demonstrate various phases of seed production 
technologies on mungbean, soybean and peanut were established in the TOP field. This will be used 
as observation fields by the trainees of the FAO-KU seed production training course which will 
commence February 1988 and the Sixth Regional Training. Course. 



Regional Programs
 



The Africa Vitamin A Gardening Project 

Objectives 

The main objective of the project is to increase production and consumption of vitamin A garden
crops in the Sahelian region of West Africa. This is to be accomplished through collaborative garden
research in Africa, village testing of a prototype vitamin A garden system, workshops, conduct of
training in gardening for selected Africans from Sahelian countries, and follow up support of graduates
of the training program. 

The project is initially funded for three years (FY 1986-89) by the Office of Nutrition of the Agency
for International )evelopment (AID), Washington, D.C., U.S.A. 

Year One Accomplishments 

During the first year, the following activities had been accomplished: site selection; setting up
of project administration; establishment of collaborative contacts; hiring, orientation and placement
of project staff: negotiation of a Mcmnorandim of Understanding: acquisition of equipment and supplies
in Taiwan vnd at the Africa project site: establishment of a mechanism for an independent project
evaluation; organization of training center and preparation of a curriculum for the training program;
initiation of needs assessment: and establishment of reporting procedures. At the end of the year, 
one site was prepared by the Africa project staff and observation trials were begun on 14 garden crops. 

Site Selection 

The criteria for site selection were prepared and two site selection trips were taken to Africa during
the year. The one located in Niger was selected to be the project site. The site houses the project's
collaborative and host organization - the Institut Pratique de Developpement Rural (IPDR), Kolo, 
Niger. 

Project Administration 

At AVRDC. arrangements were made for staff salaries, a managerial structure was charted, a 
process for local and international purchases was initiated, budgetary procedures were established,
and international travel arrangements wer made. 

In Africa AVRDC oegan working with IPDR and USAID/Niamey in establishing various
procedures: hiring local staff: iuentifying the processes for cooperation with the Government o! Niger
(GON), USAID/Niamey, PVOs and NGOs: scheduling staff travel and clearances; and establishing
the extent of assistance to the pio.ject from 11SAID/Niamey. 

Collaboration 

A collaborative network was started during the year to encourage more Africans to get involved
in the project, to provide a future vehicle for information exchange, to facilitate getting local, national 
and regional assistance in needs assessmer -ind get assistanceto in the gardens research and
development (R & D), training, and outreach phases of the project. Contacts were made with AID's
Regional Economic Development Support Office for West and Central Africa (REDSO/WCA), 
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USAIDs in the Sahelian region, Office de Recherches sur L'Alimentation et la Nutrition Africaine 
(ORANA), ICRISAT-Sahelian Center, International Institute for Tropical Agri.:ulture (IITA), the 
Government of Niger (GON), Peace Corps. AFRICARE, Helen Keller International (HKI), United 
Nations Children's Educational Fund (UNICEF), World Health Organization (WHO). International 
Board for Plant Genetic Resources (IBPGR), Cooperative for American Relief Everywhere (CARE), 
Japanese International Cooperation %gency (JICA), and a number of additional private vo,luntary 
organizations (PVOs) and nongovernment organizations (NGOs). 

Project Staff 

Job descriptions and work assignments were prepared for staff positions. Taiwanese and expatriate 
candidates were recruited, interviewed and hired. The hired staff underwent a period of orientation 
at AVRDC and began their work, either at AVRDC or at ,he project site in Niger. During the last 
quarter of the yeLr, some Nigeriens were interviewed, and two were hired for local positions. 

Memorandum of Understanding 

The Memoranduin of Understanding (MOU) was first dratted in January 1987. Since then 
subsequent drafts wcrc written with inputs from AID, AVRDC and IPDR. A final draft was accepted 
by all p,-!ies in June. Copies signed by AVRDC were sent to USAID/Niamey: one copy was sent 
to the Minister of Agriculture, Niger. 

Early in July USAID/Niamcy requested AVRDC to send a project person to Niger to take care 
ofaturthei negotiations concerning the MOL. Jack Gershon went to Niger in July to obtain the signatures 
and conduct th,.1 negotiations. As of September 1987. most MOU signatures and acknowledgment 
letters had been obta;,vdi. S!il! to be obtained are MOU attachments for customs and duty exoneration, 
and exoneration fron a new value added tax, ranging from 17% to 24%, on all imports and local 
purchases. Once the specific GON Ministries sig, t.ese attachments, the project can then get the 
necessary signed paper(s) and allow the project staff to plan and initiate activities in Niger. 

Equipment and Supplies 

Equipment and supplies for both AVRDC and the IPDR site were ordered and purchased. Small 
air shipments and one large sea shipment were sent to Niger. As soon as exoneration papers are cleared, 
they will be released fbr use by the project. Most of these items were shipped to Niger in July 1987. 
As of November they still have not been cleared through customs. 

Project Evaluation 

Under the terms of the project grant, an independent evaluation shall be undertaken to determine 
whether the project inet its goals, and to decide on future funding and project extension. REDSO/WCA 
has agreed to conduct midpoint and final evaluations for AVRDC and for AID. 

Needs As3essment 

A needs assessment was started this first year to gather information on what the project staff needs 
to know to give focus on gardens R & 1), village testing of the gardens, the type of trainees to recruit, 
the training program itself, workshops, and backstopping of trainees after they graduate. A limited 
amount of information had been gathered. More will be obtained when the MOU iscompletely signed; 
thus, allowing project staff to officially interact with Nigeriens. 

Training Center/Training Curriculum 

The facilities at IPDR were inspected and found to be basically adequate for project needs. IPDR 
isessentially a training facility for extensionists in tte G(eN service. It has sufficient classrooms and 
dormitories. Food facilities are in place. IPDR also has staff experienced in administration and 
implementation of agricultural training programs, as well as a library, audiovisual section, and 
reprographic and printing facilities. 
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As part of the IPDR/AVRDC collaborative arrangements spelled oat in the MOU, the project
will cooperate with IPDR in an exchange of stafl to assist in respective activities. 

A training curriculum outline was drafted in 1986. It is based on AVRDC's experience in training 
on gardening, and on two FAO publications on food, nutrition and agriculture - guidelines for 
curriculum content for agriculture training. One publication focuses on Africa; the other on Southeast 
Asia. The training curriculum will be modified and finalized to reflect the results of the gardening 
research and the needs of people in the Sahelian region ol West Africa. 

Reporting Procedures 

During the first year a project reporting procedure was scheduled. This was necessary because, 
as an AID/Washington project grant to AVRDC, conducted at a host institution (IPDR) in an African 
country (Niger), with the sanction of that country's USAID Mission, and evaluated by an AID regional
office (REI)SO/WCA), there;... reports to be written for each of these institutions. In addition, IPDR 
had requested that the project piovide them with copies of all relevant reports to,all the other institutions. 
IPDR communicates only in French. 

As of Septcniber 1987, the total number of reports to be submitted in both French and English
is 58. The breakdown is as follows: annual reports, 2: assessment report, 1: evaluation reports. 3: 
final report. 1: pro.jected yearly budget. 2: quarterly budget estimates, 10: quarterly progress reports
to USAID/Niamcy, 10: schedule of activities and work plans. 2: training program reports, 4; trip 
reports, 20: workshop reports. 3. 

Research 

Near the end of year one, the Africa project staff initiated garden research. Observation plots 
were started at two locations having different soil characteristics. Fourteen garden crops were selected 
for planting baised on: (1) presence and/or popularity ii local diets, (2) 3-c:irotene content and (3)
minimal requirements for cultivation (i.e. seed gathered or saved from previous crop, drought tolerant 
and tolerant of other environmental stresses). Some are semiwild species which are gathered during 
the rainN season. 

The lollowing crops will be planted for observation trials: Hibiscussahdari/i., Aimarawthus (various 
sources: local, U.S.A.. Taiwan), Curchoruts olitorius and C. ridt'ns, Gvnatrdrapsis gitundra. Portulaca 
ol'ra'ea, rtlinam [riangtlarc, C(ssiafi'tide and C. occidentalis. Basellt rubra. tomato (AVRDC
lines plus local sources): carrot (BETA Ill and locally available varieties): squash (local, orange-lleshed): 
and sweet potato (only whitc-fleshed varieties available). 

Conclusion 

The project ha, experienced a number of constraints during its first year of operations. Site selection 
took longer than anicipated: the MOU is still being negotiated: equipioent and suppl;es are not in 
the hands of the pro ject staff: and protocol in Niger is. and will continue to be, a time-consuming 
process. As a result. tile project is one year behind schedule. 

In September 1987 the Africa project was visited by Dr. Nick luykx. Acting Director, Office 
of' Nutrition. AID/Washington, to assess the reasons for the delays and to provide oversight on the 
project. The results of Luykx's visit showed that the delays were outside of AVRDC's control, and 
that USAID/ Niamey and IPI)R are strongly interested in completing the startup phase of the project,
and in getting the research and training initiated. The GON is still interested in 'greening' Niger with 
edibles, and has released funds for horticultural activities. 

The Office of Nutrition has notified AVRI)C of its willingness to accept a Mnodified project proposal
and work plan that will extend the project to adjust Ir lost time. The modified proposal should include 
increnienlal increases in the budget to adjust for justifiable and un foreseen expenditures associated 
with tile pro ject's startup, ad ilional costs of training. ,tid additional costs as a consequence of the 
proposed time extension. 

A fi nal draft of the modilicd proposal, work plan and oudget were submitted to AID/Washington 
in May of 1988. 



Thailand Regional Training and Research Program 

Fourteen training scholars completed the Fifth Regional Training Course on Vegetable Production 
and Research on 26 February 1987, bringing to 64 the total number of scholars who had undergone
this training course. These scholars came from China, Indonesia, the Philippines, Sri Lanka, Thailand 
and Vietnam. As a requisite for the completion of the training course, a trainee was asked to conduct 
an experiment on a crop of importance to his national program. Data obtained from these trials are 
also being used in various crop improvemen /production programs of AVRDC. 

After a series of negotiitions and recruitment for 1987-88. 19 trainees w'.'ere accepted to the Sixth 
Regional Training Course, which started last October 1987. In this batch were six Chinese. one Filipino,
three Sri Lankans, two Thais and seven Vietnamese. Aside fron lectures, practicuri and field trips,
trainees also conducted field or laboratory research on AVRDC priority vegetable crops.

For the remaining years of the ADB support to the program, a series of in-country workshops
will be conducted in different countries around the region. Tile main objective of the workshops is 
to enhance adaptation and extension of tie results of the training program, as well as effect a last 
technology transfer in response to the needs of vegetable research and production of the respective 
country. 

With more support from other donor agencies, more training scholars are expected during the 
seventh training course in 1988. 
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Genetic Resources and Seed Unit 

Goals of the Genetic Resources and Seed Unit 

The Genetic Resources and Seed Unit (GRSU) aims to promote the utilization of AVRDC's 
collections through evaluation and comprehensive documentation, build up a base and active collection 
of vegetable species popular in the tropics, strengthen AVRDC's cooperation within the international 
network of genebanks, and ensure that incoming and outgoing seed samples are free of' pests and 
diseases. 

Germplasm Introduction 

Introduction 

In 1987, the GRSU acquired a total of*5,954 accessions of"21 crop genera. The most important
batches are the collections of 4.3 13 Caepsicum from the United Statcs Department of Agriculture, the
Central Institute For Genetics and Research oin Cultivated Plants (German Democratic Republic),
Tropical Agricultural Research and Training Center (CATIE, Costa Rica), Malaysian Agricultural
Research and Development Institute (Malaysia), Rural )evelopment Administration (Korea), Bruinsma 
Selectiebedrijvc, Hybrid Seed Company (Netherlands) and Research Center Ibr Agrobotany (U.S.A.),
and the 813 accessions of 12 crop genera collected in Nepal b) r'rof'essor M. Iizuka. 

The different introductions are summarized in Table 1.The breakdown by genus of the two 
collecting missions of' Prof'essor M. lizuka in Nepal is shown in Table 2. 

Current Status 

Brass.,ca species. A total of 231 accessions were introduced from five countries (Table 3).
The 210 accessions from Nepal consist of' 133 Tori, 17 Sarshum, 20 Rayo, 2 mustard, I cauliflower 
and 37 unknowns. These represent a range of variation including a potential black rot resistance material 
from Japan. 

Capsicum species. Aftr naming Capsicum as one of the principa! research crops, the GRSU 
acquired 942 accessions in 1986. In 1987 the number of accessions reached 4.313, including variations 
f'roim
all the domesticated and some wild species, i.e. C. annutim, C. (inium var. longuint, C. a111u1111 
var. r''ossitin, C. baccuatm, C. baccatum var. pendulum, C. baccatiitt var. hwcatt/, C. cardenasii, 

,C. ,/rttes ens. C.MirO TO 
C pracle'misium awid C. schottitanum. A summary ol'the introduction by country is shown in Table 4. 

The accession Criollo de Morelos 331 

C. clhinense'. C. chalcoe/nsC. C. '.mitdilni C galatjiaO'st'., aPicUn,. )i)tt('SCuis, 

(TC 3191) was indicated by the donor, Bruinsina Seed
Company, to be resistant to Plvphytihhora capsici L. It was confirmed by the AVRDC pathologist. 

Glycine species. A total of 99 introductions were received f'rom three count'ies (Table 5).
The matc;'ials from Nepal are G.,PULv collected from an area with an altitude of up to 2,800 in above sea 
level. The acquisition from the U.S.A. consisted of three G. argyrea and 12 accessions of G. canescens. 

I ". 
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Table 1. New germplasm Introductions at AVRDC, 1987.
 

No. of entriesz 
Source Glycine Vigna Brassica Lycopersicon lpomoea Capsicum Others Total 

spp. spp. spp. spp. spp. spp. 

Australia - 10 - 1 - - - 11
 
China . - - 5 106 - 111
 
India - 173 - - - 201 - 374
 

Japan 1 - 17 - 1 29 - 48
 
Macau - - 1-
 - 1 
Madagascar - 1 .- - - 1 
Malaysia - - - 176 6y 182 

209 xNepal 83 308 210 - - 9 819
 
Nigeria - - - - 10 12 - 22
 
Panama - - - 6 - 13 - 19
 
Papua New Guinea - - - - 30 - - 30
 
Peru - - - 6 95 - 101
 

Philippines - - 359 w - 60 - 419
 
Puerto Rico - - - 10 15 10 - 35
 
Syria - - - 20 - 7 - 27
 
Taiwan - 3 2 2 74' 33 - 114
 
Thailand - - - 20 - 69 - 89
 
USA 15 1 - 39 1 285 - 341 

USSR - - 1 - - 56 - 57 

Unknown . . .. 1 83 - 84 

Others - - - - - 3,069 - 3,069 

Total 99 855 231 98 143 4.313 215 5,954 
ZAlentries are still temporarily numbered. YAmaranthus (1). Solanum (1), Cucurbita (Pumpkin) (1), Mamordica (Bitter Gourd) 
(1), Hibiscus (1) and Cucumis (Cucumber) (11 XPisum (56), Lens (28), Dolichos (68), Cicer (13), Vicia (5), Lathyrus (4), Cajanus 
(7). Ph,+seolus (27) and Solanum melongena L.(Eggplant) (1). WSelections from four V.radiata var. sublobata, TC 2208, TC 
2209, TC2210 and TC 221 1 VTwo varieties from Taiwan already given permanent accession numbers and 70 clones from 
interspecific crosses by Dr. Iwanaga. 

Table 2. Germplasm collected in Nepal.z 

Species First batch y Second batchx Total 

Brassica 163 44 207
 
Cajanus 7 0 7
 
Capsicum 0 7 7
 
Cicer 13 0 13
 
Dolichos 53 15 68
 
Glycine 83 0 83
 
Lathyrus 4 0 4
 
Lens 28 0 28
 
Phaseolus 27 0 27
 
Pisum 56 0 56
 
Vicia 5 0 5
 
Vigna 263 45 308
 
Total 702 111 813
 

ZCollections by Professor M. lizuka. YReceived on 4 December 1986. XReceived on 18 November 1987. 

Table 3. New Brassica species introduced in 1987. 

Source No. of entries Remarks 

Japan 16 Radish (3), B. campestris (13) 
1 Cabbage, black rot resistance 

Macau 1 B. campestris ssp. cninensis 
Nepal 207 B. campestris 

3 Mustard (2), cauliflower (1) 
Taiwan 2 B. napus 
U.S.S.R. 1 B. campestris var. oleifera 
Total 231 
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Country 

1. Afghanistan 
2. Algeria 
3. Angola 
4. Argentina 
5. Austria 
6. Belgium 
7. Belize 
8. Bolivia 
9. Brazil 

10. British Indian Ocean Territory 
11. British Virgin Islands 
12. Bulgaria
13. Canada 
14. Chile 
15. China 
16. Colombia 
17. Costa Rica 
18. Cuba 
19. Czechoslovakia 
20. Denmark 
21. Ecuador 
22. Egypt 
23. El Salvador 
24. England 
25. Ethiopia 
26. Fiji Islands 
27. France 
28. Germany, Democratic Rep. 
29. Germany, Federal Rep. 
30. Ghana 
31. Greece 
32. Guatemala 
33. Honduras 
34. Hungary 
35. India 
36. Indonesia 
37. Iran 
38. Israel 
39. Italy 

Total 

Genetic Resources and Seed Unit 

Table 4. Capsicum species collection. 
No. of entries 

18 
1 
1 

32 
22 

2 
7 

14 
77 

1 
1 

105 
25 
7 

106 
23 

200 
10 
32 

5 
8 

10 
87 
31 
55 

1 
43 
28 
23 

1 
5 

129 
84 

245 
201 

8 
52 

7 
107 

Country No. of entries 
40. Jamaica 1 
41. Japan 29 
42. Kenya 2 
43. Korea 146 
44. Lebanon 3 
45. Libya 10 
46. Malaysia 176 
47. Mexico 252 
48. Nepal 9 
49. Netherlands 103 
50. Nicaragua 6 
51. Nigeria 12 
52. Pakistan 10 
53. Panama 13 
54. Paraguay 2 
55. Peru 95 
56. Philippines 60 
57. Portugal 9 
58. Puerto Rico 10 
59. Romania 38 
60. Singapore 1 
61. South Africa 1 
62. Spain 54 
63. Sri Lanka 1 
64. Sudan 2 
65. Switzerland 9 
66. Syrian Arab Republic 7 
67. Taiwan 33 
68. Thailand 69 
69. Trinidad 3 
70. Tunisia 10 
71. Turkey 395 
72. Uruguay 4 
73. U.S.A. 285 
74. U.S.S R. 56 
75. Venezuela 3 
76. Yugoslavia 491 
77. Zambia 6 
Unknown 83 

4,313 

Table 5. New Glycine species Introduced In 1987. 

Source No. of entries Remarks 
Japan 
Nepal 

1 
83 

Vegetable soybean 
G. max 

U.S.A. 15 G.argyrea (3), G. canescens (12) 

Total 99 

Ipomoea species. A total of 143 entries were introduced from nine countries. The 13 entries 
from Papua New Guinea and on... from U.S.A. are true botanical sced samples for long-term storage 
at AVRDC. There arc six accessions ol wild species consisting of one diploid 1. trfida, one tetraploid
1. trifida, one hexaphord 1. trifida, one /. hederifolia, one 1. nil and one L setosa. Seventy clones 
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from interspecific hybridization between 1. batatas and I. trifida (by Dr. Iwanaga) were selected for 
conservation. The remainder are clones from China, Puerto Rico, Papua New Guinea (lowland form), 
International Potato Center (CIP, Peru) and the International Institute of Tropical Agriculture (IITA, 
Nigeria) (Table 6). 

The introductions from CIP and IITA are in in vitro form. 

Lycopersiconspecies. A total of 98 entries were introduced. Most of the entries were specific
genetic stock. Many had already several important agronomic genes combined together. The only 
batch of land races were tie 20 entries from Syria (Table 7). 

Vigna species. A total of 855 entries were introduced. The most important batch was the 
collection from Nepal. consisting of 5 mungbean, 105 black gram, 45 rice bean, 29 adzuki bean, 
83 cowpea, etc. and 41 unidentified species (Table 8). 

Table 6. New Ipomoea species introduced In 1987. 

Source No. of entries Remarks 
China (Beijing Agr. University) 
Japan 

5 
1 

Cultivar 
Cultivar 

Nigeria (IITA) 10 Already in present collection 

Papua New Guinea 13 
(in vitro)

True seeds of open-pollinated 

(Laloki Agr. Res. Station) 
Peru (CIP) 
Puerto Rico 

(Tropical Agr. Res. Station)
Taiwan 

17 
6 

15 

70 

populations
Cultivars (lowland forms) 
Cultivars (in vitro) 
Cultivars (tubers) 

Selection of interspecific crosses 

(Chiayi) 
U.S.A. 
Unknown 

4 
1 
1 

at AVRDC (Dr. Iwanaga)
Cultivars (2), I. nil (1), I. setosa (1) 
True seeds (Dr. Jones) 
I. hederifolia, transferred from 

Breeding Department to GRSU 

Total 143 

Table 7. New Lycopersicon species introduced 	in 1987. 

Source No. of entries Remarks 
Australia 1 Bacterial wilt resistance 
Panama 6 Bacterial wilt resistance 
Puerto Rico 10 Cultivars 

(Tropical Agr. Res. Sta.)
Syria 20 Landraces 
Taiwan 2 F1 processing tomato 
Thailand 20 Tomato yellow leafcurl (TYCL) resistance 
U.S.A. 	(UC Davis) 24 Resistant to Verticillium I, Fusarium I & 

II,or bacterial speck resistance 
(Campbell Co.) 	 15 Heat tolerance 

Total 	 98 
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Table 8. New Vigna species introduced In 1987. 
Source No. of entries Remarks 

Australia 10 V.radiata (9), wild V.mungo (1)
India 173 V. radiata, V. mungo, etc. 
Madagascar 1 Wild V. mungo
Nepal 308 V. radata, V. mungo, V.umbellata, etc.
Philippines 359 V.radiata (1), V.radiata var. sublobata (358) 

Total 855 

Germplasm Conservation 

Current Status 

The current status of germplasm maintained at AVRDC, totaling 27,599 ac'essions, is shown 
in Table 9. After activating the long-term stores in mid-1985, 5,186 accessions h':ve been placed in 
base storage (Table 10). Efforts are concentrated on the principal crops, namely, tomato, Chinese 
cabbage, mungbean. soybean, sweet potato and pepper. 

Pepper was made a principal research crop in 1986. To (late. 4,313 accessions of pepper have 
been acquired. including accessions from all of the major collections in the U.S.A., Costa Rica, German 
l)emocratic Republic. Thailand, Malaysia, etc. Batches ol these accessions ar, being characterized 
and evaluated to ,support utilization work. Accessions for base and active collections are multinlied 
in net-houses. 

The sweet potato in vitro storage was not maintained continuously due to the resignation of the 
staff working on this project. The IBPGR/AVRDC joint project on 'Introduction, virus indexing.
conservation and distribution of the Asian and Pacific sweet potato gcrmplasm. Phase i1' has been 
extended starting I December 1987. 

A batch of tubers which includes most of the accessions is now under testing for storage ability. 

Table 9. Germplasm maintained by AVRDC's GRSU In 1987. 

Temporarily Suspected
Crop Accessions Missing Available numbered 

accessions duplicatesZ 
AVRDC principal crops

Soybean 12,505 835 11,670 99 2,111 (9,034)
Mungbean 5,274 167 612 y5,107 985 (5,112)
Tomato 5,484 138 5,346 617 40 (4,734)
Sweet potato 1,241 32 1,209 157 9 (1,200)
Chinese cabbage 856 42 814 217 -
Pepper 3,042 30 3,012 1,271 -

Subtotal 28,402 1,244 27,158 2,973 3,145 (20,080) 

Other crops
Adzukibean 125 - 125 25 -
Amaranth 86 - 86 - -
Black gram 158 - 158 183 -
Rice bean 72 - 72 50 -

Subtotal 441 - 441 258 -

Total 28,843 1,244 27,599 3,231 3,145 (20,080) 
ZFigures in parentheses indicate the total number of accessions from which the suspected duplicates were
counted. Ylncluding 356 accessions (lines) of wild black gram purified from four populations. 
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Table 10. Current status of base collections In long-term storage at AVRDC.
 

Accessions Total Storage Seeds/z Moisture 
Crop stored accessions room accession content 

(no.) (%) (units) (no.) (%) 

Soybean 2,620y 22.45 5 4,000 8.0 
Mungbean 1,437x 28.14 5 4,000 8.0 
Tomato 713 13.34 5 12,000 5.0 
Chinese cabbage 341w 42.41 5 12,000 5.0 
Pepper 75 3.04 5 12,000 5.0 

ZlRecommended number of seeds per accession. YNon-USDA accessions. XAnother 3,000 accessions 
(58.7%) will be stored inearly 1988. WOpen-pollinated varieties. 

Germplasm Characterization 

The status of characterization and the characters evaluated are summarized in Tables II and 12, 
respectively. 

Germplasm Documentation 

The GRSU, with the assistance of the AVRDC Computer and Statistical Services, is developing 
an AVRDC genetic resources data base using the MINISIS software. Presently, all passport as well 
as characterization data obtained for mungbean, sweet potato, non-USDA soybean and open-pollinated 
Chinese cabbage have been entered. The current status of documentation is given in Table 13. 

Table 11. Characterization of AVRDC's principal crops. 

No. of morphological and physiological Chemical characters 
Crop characters characterized characterized 

IBPGR descriptor list Additional 
Mungbean 23 13 Protein, starch and fiber 
Soybean 26 1 Protein, fat, starch and fiber 
Chinese cabbage 66z -
Pepper 37 2 Capsaicin 
Sweet potato 27 9 Protein, sugar, starch, fiber 

and dry matter 
Tomato 36 2 % brix 

ZAVRDC/IBPGR descriptor list (IBPGR/AVRDC 1987). 

Table 12. Status of AVRDC germplasm characterization in 1987. 

Morphological and 
Chemical charactersCrop physiological characters 

Accessions % of total Accessions % of total 
characterized characterized 

Mungbean 4,945 96.8 4,945 96.8 
Soybean 2,672z 22.9 2,622 22.5 
Chinese cabbage 315 y 39.2 - -
Pepper 508x 20.6 - -

Sweet potato 1,168 98.4 734w 61.8 
Tomato 1,250x 22.8 - -

ZNon.USDA accessions. YOpen-pollinated cultivars. XOngoing in fall 1987. WAccessions flowering at 
AVRDC.
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Table 13. Current status of documentation at AVRDC's GRSU In 1987. 
Chinese Sweet Ppe

Soybean Mungbean Tomato Cabbage pat PepperM% M% M% cabbage Potato M( )( )( )(% ) (%)( ) 

Passport data entry 100 100 100 100 100 100z
 
Characterization
 

data entry 25 97 0 37 98 0
 
Germplasm Spring Fall  1986 Summer catalog 1988 1987 (for OPx) 1988 
Seed inventory


data input OY Oy Oy Oy
100 0 
7New crop in temporary numbers. YWill be completed in spring 1988. Xop = Open-pollinated. 

Seed Distribution 

A total of 12, 183 seed samples of both germplasm and breeding lines were distributed to 305 
cooperators in 95 countries and territories in 1987 (Table 14). The 305 germplasni recipients in 1987 
are listed in another section of this report.

The summary of the internal seed distribution is given in Table 15. There were two big batches
of requests; one was for the Entomology Department to screen against beanflies in soybean and the
other for the Pathology Department to screen against Cercospora leaf spot in tomato. 

Germplasm Utilization and Evaluation 

Summary 

The utilization and evaluation of mungbean, soybean and sweet potato since 1973 are summarized
here. The important parents for the improvement of these crops at AVRDC were identified. The useful 

Table 14. External seed distribution of germplasm and breeding lines in 1987. 

Country Seed packets Total6 AVRDC crops Other crops 
Thailand 2,435 100 2,535
Philippines 1,454 2 1,456
Japan 1,076 0 1,076
U.S.A. 766 5 771Indonesia 655 2 657
India 535 9 544
Korea 392 0 392
Nigeria 356 0 356
Brazil 280 0 280
Vietnam 252 0 252
Othersz 3,665 199 3,864 

Total (95) 11,866 317 12,183 
fIncludes 84 countries and territories: Anguilla, Argentina, Australia. Bahrain, Bangladesh, Barbados, Belgium.Belize, Bhutan, Brunei, Burma, Canada, Cape Verde Islands, Chile, Cocos Islands, Colombia, Cook Islands, Costa
Rica, Cuba, Dominica, Dominican Republic, Egypt, England, Ethiopia, Fji Islands, France, Germany (DemocraticRepublic of). Germany (Federal Republic of), Ghana, Guadeloupe, Guam, Netherlands, Honduras, Iran, Iraq, Israel,Jamaica, Jordan, Kenya, Kiribati, Lebanon, Liberia, Madagascar, Malawi, Malaysia, Maldives, Marshall Islands,Mauritius, Mexico, Namibia, Nepal, Niger, Niue Islands, Pakist, r1 , Panama, Papua New C-.. nea, Peru, Polynesia(French), Portugal, Saipan, Salvador, Samoa (American), Saudi AraLia, Senegal, Seychelles, Singapore, South Africa,Sri Lanka. St. Lucia, Swaziland, Switzerland. Syria, Tahiti, Taiwan, Tanzania, Togo, Trinidad, Turkey, Uganda, Vanuatu,
Yemen. Yugoslavia, Zaire. Zambia and Zimbabwe. 
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Table 15. Internal seed distribution of germplasm materials in 1987. 
Chinese SweetPepr Ohs Toa
 

Department Soybean Mungbean Chinese Tomato potto
cabbage potato Ppr Ohs Toa
 

Plant breeding 269 18 6 217 0 76 0 586
 
Entomology 5489 36 0 0 31 4 1 5561
 
Pathology 17 34 22 4997 18 321 0 5409
 
Physiology 0 0 0 4 1 0 0 5
 
On-station
 

testing 0 0 0 1 0 0 0 1
 

Total 5775 88 28 5219 50 401 1 11562 

germplasm 	identified through years of screening and evaluation are listed. These summaries lbrni 

a very useful set of reference information. 

Introduction 

The entire AVRDC collection is being screened and evaluated continuously by AVRDC scientists 
tor specific traits; 149,487 seed packets had been used for varietal improvement since 1975. Cooperation 
with scientists from national programs in the screening of germplasm for specific characteristics is 
also encouraged. During the same period, a total of 237,237 seed packets had been shipped to 
cooperating wientists in 174 countries and territories. The distribution of AVRI)C materials in the 
last decade has resuhd in the release by local authorities in 35 countries of 118 cultivars of the five 
principal crops, i.e. Chinese cabbage, sweet potato. tomato, mungbean and soybean. 

The systematic exploitation of the germplasm at AVRDC has resulted in an average of 8. I % 
of the collections being utilized for crop improvement by AVRDC breeders (Table 16). Many of the 
identified traits for biotic and abiotic stiess, adaptability and yield had been combined together. 

Mungbean 	Utilization and Evaluation 

From 1972 to 1985, 4,200 crosses were done by the AVRDC mungbean breeders. Of these. 114 
elite crosses have been selected which involved 39 accessions in their parentages. 

The 10 best female parents in descending order are: V 2'/3, V 2272, V 3476, V 1947, V 1411, 
V 1945, V 1944. V 1380, V 2184 and V 2273 while the 10 best male parents are: V 2773. V 2184, 
V 3476. V 2273, V 2272, V 1394, V 14(X). V 1945, V 1947 and V 1411. The best parents in descending 
order are: V 2773 (16.93% ofthe total number oftimes represented). V 2272 (8.47%), V 3476 (8.47%), 
V 2184 (8.24%), V 1947 (5.72%). V 2273 (5.727%), V 1411 (5.267), V 1945 (5.26%), V 1944 
(4.35%), V 1394 (4.11%) and V 1400 (4.11'7). 

The materials from the Philippines are represented 25 1times (57.4 %) out of a total of 437 and 
that from India 167 times (38.2%). The rest (U.S.A., China, Korea, Taiwan and Sri Lanka) were 
represented minimally. The best parent, V 2773, from India occupies 16.9% of the total number of 
times represented. 

Table 16. 	Number of accessions and percentage of each collection used in AVRDC 
breeding programs. 

Number of accessions usedCrop Period ~Total - ___________________ 
Crop Period As female As male As female % of 

crosses or male 	 collection 
Mungbean 1972-85 4,200 262 274 343 6.72
 
Tomato 1972-85 6,045 - - 373 6.98
 
Soybean 1973-86 2,487 - - 501 4.29
 
Sweet potato 1973-87 1,875 132 92 135 11.37
 
Chinese cabbage 1973-87 374 - - 90 11.19
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Since V 5000 (Shanhua 1) was selected from V 2773, the combination of V 2773 and V 5000 
is 19.2%. V 2272 (ML-5) and V 2273 (ML-6). both fron India and probably related, represent 14.4%. 
Also, both V 1381 and V 1944 which represent 6.6% are progenies of MG50-10A except for seed color 
difference, which isgreen and yellow, respectively. V 1945 and Glabrous *3, a progeny of MG50-10A 
(V 1381 and V 1944). represent 11.9%. The top I I parents account for 76.6% of the elite gene pool. 

In general, the Indian materials provided the disease resistance for the elite crosses gene pool, 
and the materials from the Philippies provided yield potenial, earliness, uniform ripening and 
photoperiod insensitivity. 

At AVRDC the gerinplasm are constantly being evaluated for specific genes so that breede's cn 
broaden the base of the breeding gene pool. Since 1972. a series of accessions were identified for 
pest and disease resistances and good agronomic characters. The results are summarized in Table 
17. Sone of these genes were very successfully combined by breeders at AVRDC resulting in several 
named cultivars. 

Table 17. Potential accessions from the world mungbean c¢';ectlon (extracted from AVRDC Annual 
and Progress Reports, 1974 to 1986). 

Character 
Cercospora canescens 

resistance (CLS) 

Cercospora cruentaP 
resistance 

Erysiphe polygoni 
resistance (PM) 

Rhizoctonia solani y 

resistance (damping off) 
Macrophomina phaseolinay 

resistance (Charcoal rot) 

Pseudomonas phasealicolay 

resistance (Halo-blight) 
Xanthomonas campestrisy 

pv. phaseoli resistance
 
(Bacterial leaf spot)
 

Leaf crinkle virus (LCV) y 

Mungbean yellow mosaic y 

virus (MYMV) 

Mungbean cucurrber 
mosaic y virus (MBCMV) 

Mungbean mottle virus y 

Aphis ciaccivora 
(cowpea aphids) 

Ophiomyia species 
resistance (beanflies) 

Maruca testulais 
resistance (podborer) 

Accession (V) 
1445, 1471, 2272, 2757, 2773 
3274, 3276. 3279, 3501, 4679 
4706. 4717k, 4718. 5036 
3417, 4483 

1276, 1353, '483 

1104, 2159. 3911, 3912. 4186. 
4189, 4207. 4574, 4584. 463i, 
4658, 4662,4668, 4679. 4717, 
4799, 4883,4966, 4967, 4990
 
1103. 1446, 1877 

3404, 3476. 34E,4 

1042 

2069, 2164, 2165 

3417, 4483 

2273, 2773, 3404, 3417, 3484, 

3485, 3486, 3487. 4483 


1729, 1735, 2366, 2500, 2551 

1868, 2010, 2040, 2043, 2357. 

2650, 2866, 2F 37, 2984, 3476, 

3686. 4184, 4842 

1114, 1133, 1153, 1227. 1337, 

1353, 1562, 1595, 1672, 1673. 

1682, 1693, 1696. 1745. 1811. 

1831, 18783, 1972, 1976, 2082. 

2194, 2260 2310 

1381, 1944, 2184 


2396, 3495, 4281, 

1160 (V.glabrescens) 

2135 (V.mungo) 


Sources 
Afghanistan 
India, Indo- 3sia 
Korea 
India 

F:ance, India, 
Ind'nesia 

Afghanistan, 

Australia,
 
India
 

India 

Indonesia 

Pakistan, 

Philippines,
 
Thailand
 
Thailand 


Australia 


India 

India, 

Pakistan, 

Thailand 


India 

China, India, 

Korea,
 
Philippines, USA
 
Afghanistan, 

China, France,
 
India, Iran,-

Philippines,
 
Taiwan, USA
 
Philippines 


India, 

Philippines
 
Australia 


Country/Inst. Reporting 
AVRDC, several years 

India Punjab. 1979 
Tanzania, 1980 

AVRDC. several years 

AVRDC, 1976 
AVRDC, 1977 
Sri Lanka, 1979 

Ethiopia, '982 

AVRDC. 1974 

India Punjab, 1979 
Bangladesh Noakhali, 1978 
Bangladesh BARI, 1980 
Bangladesh, 1979 
India Punjab, 1979 
India ICRISAT, 1974 
AVRDC, 1985 

AVRDC, 1985 

AVRDC, 1976 

AVRDC, several years 

AVRDC, 1979 
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Table 17. Continued. 

Character Accession (V) Sources Country/Inst. Reporting 
Callosobruchus chinensis VM 2011, VM 2164 AVRDC, 1980 

resistance (Bruchid) (both V.mungo) 
Meloidogyne incognita 

resistance (Root-knot 
nematode) 

1133. 1412. 1709, 2010. 2179, 
2744, 2773 

China, India, 
Iran, 
Philippines 

AVRDC. 1978 
AVRDC,1979 

Early and uniform 
maturit, 

6027, 6037, 6078, 6080,6083 India, USA. 
USSR 

AVRDC, 1982 

Photoperiod insensitive 1381, 3726 Philippines, AVRDC, 1983 
India 

Better compatibility 4997, 6085, 6099 India AVRDC, 1982 
with black gram 

Possible flood tolerance 1968, 2984, 3092,3372 India, Korea. AVRDC. 1978 
USA 

Possible cold toleraice 2984, 1968 Korea, USA New Zealand, 1979 
Possible drought tolerance 1281, 1947, 2013. 2984. 3372, India, Korea, AVRDC,1978 

3388, 3404,3484 Pakistan, Bangladesh, 1979 
Philippines. 
Taiwan, USA, 
Thailand 

High yield potential 1380, 1381, 1388, 1776, 1944. China, India, Different countries 
1948, 1968, 2007, 2010, 2013, Iran. Korea, 
2184, 2272, 2273, 2773,2808, Philippines, 
2984, 3092, 3388. 3404,3476, Pakistan, 
3484, 3726, 4956 Taiwan, Thailand, 

USA 

Multifoliate leaf 
(9 leaflets) 

5926 Philippines Philippines. 1979 

Lohed leaf 1270, 1834. 1837, 1840, 1841, India, Korea, AVRDC,1984 
1869. 1870, 1871, 1910, 1922, 
1937, 2216,2939, 3030. 4183, 

Philippines 

5108 
/Tested in Indonesia. Korea. Philippines. Taiwan and Thailand YReported to have tolerance or resictance. 

Soybean Utilization and Evaluation 

From 1973 to 1986, 2.487 crosses were done by AVRDC soybean breeders. Of these, 326 AGS 
lines were selected which involved 119 accessions in their parentages. 

The 10 best female parents in descending order are: G 02120, G 00057, G 00086, G 00038, 
G 00069, G 01994, G 00016, G 01322, G 00067 and G 00017. The 10 best male parents are: G 
021 0, G 00057. G 00015, G 00044, G 02042. G 00086, G 02038, G 00038. G 01322 and G 00008. 
'rhe best parents in descending order are: G 02120(10.23% of the total number of times represented),
G 00057 (6.27%), G 00086 (5.4,15;), G 00038 (4.12%), G 01322 (3.797). G 02042 (3.46%), G 
00069 (2.97%), G 01994 (2.8%). G 00058 (2.31%). G 00015 (2.14%I), G 00044 (2. 141 ) and G 
02038 (2.14%). 

The most represented parent is G 02120 (1039) from Indonesia. It is sniall-seeded with high
yielding potential but it is very sensitive to photoperiod. 'lhrough mutation breeding, the breeders 
were able to select 24 not so photoperiod-sensitive AGS lines froi this accession. 

The materials from Taiwan (including 25 improved cultivars and other local cultivars, e.g. Shih 
Shih) play a very important role in the improvement of soybean at AVRDC. Together, they represent
239 tinies out of a total of 606 or 39.46 V of the parentages. The other group of significant importance 
is the improved cultivars from the U.S.A. which represent 17.82% of the parentage. The top 12 parents 
account for 47.81 %of the elite gent pool. 

It is also very interesting to note that the list of parents identified in 1976 (Table 18) eventually 
accounted for 43.3% of the elite parent gene pool. 

http:02120(10.23


439 Genetic Resources and Seed Unit 

Table 18. Parents used in the soybean hybridization program AVRDC, 1976. 

AVRDC acc. no. Plant characteristics 
G 00038 Early, resistance to downy mildew and soybean mosaic virus (SMV) 
G 00057 Soybean rust tolerance, high yield 
G 00086 High yield, wide adaptability, nonshattering 
G 00215 Early, photoperiod insensitivity, medium stable yield
G 01322 Early, photoperiod insensitivity, medium stable yield
G 02042 Resistance to SMV, tolerance to soybean rust, good yield 
G 02120 High yield, short internodes, profuse acute branches, good root system 
G 02134 Adapted high yielding in Indonesia G 02502 Early, photoperiod

insensitivity 
G 02506 High yield, narrow leaf, three-seeded pods, good seed quality 
G 05088 Early, photoperiod insensitivity, large seed 
G 05092 Short internode, large seed size 
G 07484 Early, photoperiod insensitivity, good seed quality 
G07485 Early, photoperiod insensitivity, good seed quality 
G 07958 Reported as resistant to soybean rust in India 
G08586 Moderate resistance to soybean rust, good seed quality 
G 08587 Moderate resistance to soybean rust, good seed quality 

Sweet Potato Utilization and Evaluation 

From 1973 to 1987, 1.875 crosses were done by the sweet potato breeders. From these crosses, 
210 elite clones were selected, involving 60 accessions in their parentages. Out of the 60 accessions 
only 40 were used as female and 42 as male. 

The three most important parents are: 10057 (Tainting No. 51 frotm Taiwan). 10117 (Fatena 
- PI 344129 fron Papua New Guinea) and 10122 (13-6708 from U.S.A.) which account for 10.45%, 
I5.05'( and 16.26'7 l'the t(,tal elite parent gene pool, respective!. CUrther. they represent 41.76% 
o1 the total. They were equally used both as female and male parents. The other important accessions 
utilized as parents are: 10010 and 10015 which are the H-I)-K clones from Laos: 10152 and 10157 
Ifro. i Taiwan: and 1 0232. I 0306 and 1 0307 from Japan. 

The seven important female parents in descending order are: 10117, 10!22. 10057, I 0306, 
1 0152. 1 0015 and I 0361. The iriportant riale parents are: I 0057, 1 0017 and 10122. 

Evaluation in 1987 

I. Tomato 

Summary 

A total of 5,071 entries from 5.031 accessions were screened for resistance to Cercospora leaf 
spot as described in the report of Dr. E. M. Saadaoui on "'Screening of the AVRDC tonlato geriplasm 
collection for resistance to Cercospora leaf spot (Cercospw-a.Iilig'na)" 

The disease reaction was classified into five categories as follows: (I) resistant (r), (2) moderately 
resistant (mr). (3) moderately susceptible (inis). (4) susceptible (s) and (5) highly susceptible (lis). 
The variation ill reaction of the AVRI)C tomato collection to this disease is shown inlTable 19. Most 
of' the gerinplasm tre susceptible to this disease. However. about II indicated certain levels of 
resistance. The 37 accessions classified as resistant arc listed in Table 20. About half of this group 
are wild species. The 42 highly-susceptible accessions are listed in Table 21. Precaution should be 
observed when using this highly susceptible group of materials in breeding for tropical tomnato. 
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Table 19. Reaction of AVRDC's tomato collection to Cercospora leaf spot (Cercospora 
fuligena). 

Disease reaction category Rz 
Number of entries 37 
% of total 0.7 

ZR = resistant, MR = moderately resistant, MS 
susceptible. 

MR MS S HS 
549 656 3,787 42 

10.8 12.9 74.7 0.8 
= moderately susceptible, S = susceptible and HS - highly 

Table 20. List of accessions resistant against Cercospora leaf spot (Cercospora fuligena). 

AVRDC acc no. Name/PI no. 
L00733 PI 127827 

L00734 PI 127828 

L01064 PI 134417 

L01065 PI 134418 

L01352 PI 180721 

L01533 PI 205012 

L01558 PI 205037 

L01668 PI 224580 

L01688 PI 224710 

L01696 PI 231257 

L01731 PI 250124 

L01777 PI 254655 

L02102 PI 270432 

L02116 PI 270446 

L02119 PI 270449 

L02120 PI 270450 

L02851 PI 287109 

L02888 PI 289212 

L02926 PI 289250 

L03050 PI 296363 

L03233 PI 306814 

L04034 (7879 x Atom) F7 
L04089 Macero 
L04143 Malintka 
L04167 LA 1591 
L04220 PI 378994 
L04253 PI 379039 
L04405 PI 390699 
L04414 PI 390708 
L04455 PI 390751 
L04506 PI 406770 
L04569 PI 406867 
L04765 UC x 100-15-2 F7 
L04815 Z 1072 - NE 4 
L04930 PI 419092 
L05184 PI 433120 
L05235 PI 433171 

Species 

Hirsu 
Peruv/humi 
Hirsu 
Hirsu 
Escu 
Pimp 
Escu 
-

Pimp 
Chees-min 
Escu 
Escu 

Escu 
Pimp 
Pimp 
Pimp 
Escu 
Escu 
Escu 
Escu 

Escu/peruv 

Escu 
Escu 
Escu 
Pimp 
Escu 
Chees 
Pimp 
Pimp 
Pimp 
Escu 
Escu 
Escu 


-

Escu 

Escu 
Escu 

Origin/Source 

Peru 
Peru 
Ecuador 
Ecuador 
Germany 
Peru 
USA 
USA
 
Mexico 
Calapagos Islands 
Netherlands 
Canada
 
Mexico 
Mexico 
Mexico 
Mexico 
Canada 
Hungary 
Hungary 
USA
 
USA
 
Australia 
Taiwan 
USA 
USA 
Peru 
Ecuador 
Peru 
Peru 
Peru 
Costa Rica 
Honduras 
USA 
USA 
China 
China 
China 

I. Chemical Analysis of Sweet Potato 

Summary 

Tubers of 734 entries from the AVRDC sweet potato germplasm collection (1985/86 season)
were analyzed for dry matter, fiber, protein, starch and sugar contents with aNear-IR analyzer. Wide 
variations were found in all the tuber chemical characters studied. 1362 had starch content up to 78%, 
1954 had dry matter content of about 42%, 1963 had protein content of 11.08% and 1 122 had sugar 
content of 27.14%. 1 498 had a low sugar content of' 8.78% only. 
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Table 21. Accessions highly susceptible to Cercospora leaf spot (Cercospora fuligena). 

AVRDC acc no. Name/PI no. 
L00061 (TRxVC 48-1)-13-1-1 F5 
L00087 VC 6-1-1 P 
L00194 LA 403 
L00532 PI 118785 
L00647 PI 126452 
L00658 PI 126915 
L00660 PI 126917 
L00702 PI 127795 
L00703 PI 127796 
L00785 PI 128257 
LO1128 PI 143522 
LO 1343 PI 179367 
L01420 PI 193421 
L01540 PI 205019 
L01577 PI 206967 
L01583 PI 208837 
L01605 PI 212415 
L01621 PI 212432 
L01893 P1 262173 
L01903 P1 262930 
101955 PI 269512 
L01957 PI 269514 
L02129 PI 271382 
L02145 PI 272630 
L02190 PI 272679 
L02548 PI 273038 
L02583 PI 273073 
L02756 PI 283914 
L03400 PI 330336 
L03424 PI 339328 
L03427 PI 339331 
L03680 PI 365900 
L04047 Rideav' 
L04340 PI 390490 
L04521 PI 406800 
L04601 PI 406899 
L04602 PI 406900 
L04851 PI 407438 
L04852 PI 407439 
L04857 PI 407445 
L04889 PI 408971 
L05064 PI 433000 

Introduction 

Species 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu/pimp 
Escu 
Escu 
Escu 
Escu 
Pimp 
Escu 
Escu 
Escu/pimp 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 
Escu 

Escu 

Origin/Source 

Philippines 
Philippines 
Peru 
Venezuela 
Peru 
Peru 
Peru 
Peru 
Peru 
Bolivia 
Peru 
Iraq 
USA 
USA 
Turkey 
Cuba 
USA 
USA 
Germany 
USSR 
W. Pakistan 
W. Pakistan 
India 
El Salvador 
El Salvador 
El Salvador 
El Salvador 
Czechoslovakia 
Japan 
Turkey 
Turkey 
Ecuador 
India 
Ecuador 
El Salvador 
Honduras 
Honduras 
Australia 
Australia 
Bulgaria 
India 
China 

Sweet potato has good yield potential and is an important source of both starch and vitamin A 
(i3-carotene). With the changing emphasis on the use of sweet potato tuber both as food and feed,
it is, therefore, important to analyze the variations in the chemical constituents of each accession. 
This will provide the sweet potato scientists with refcrence information. 

Materials and Methods 

Tubers of 734 entries from the 1985/86 cropping season were sent to the Chemistry Department 
lor analysis of dry matter, fiber, protein, starch and sugar contents with a Near-IR analyzer. 
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Results and Discussion 

The distribution of dry matter, fiber, protein, starch and sugar, expressed in percentage of dry
weight, are shown in Figure 1. The mean, ,oefficient of variation, range, skewness and kurtosis are 
given in Table 22. The correlatiens between the characters are shown in Table 23. 

Wiuer variations were present in all the tuber chemical characters analyzed. Accession 1362 (Sta.
Fe from Indonesia) had a starch content of up to 78%. 1 954 (K 9 from Papua New Guinea) had 
a dry matter content of about 42%, 1 963 (W-154 from U.S.A.) protein content of 11.08% and 1 
122 (B-6708 fron U.S.A.) a sugar conlent of 27.14%. 1498a & Nik(5-Mun, from Papua New Guinea 
had low sugar content (8.78%). 

The-20 accessions with high dry matter content in descending order are: I 954, I 361, 1578,
I 489, 1579, 1 723, I 715, 1440, 1 450, I 711, I 745, I 840, I 387, 1 879, 1 579, i 861, I 607, 
1 872, I 596 and I 807. 
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The 20 accessions with low fiber content in ascending ordcr are: I 585, 1 281. 1 381. I 552, 
I 559, 1819, i 89. 1 155. 1 338. 1 75. I 772, 1861, 1 1039. I 1156, 1 158, 1 204, 1 274, 1 282, 
1 283 and 1 322. 

The 20 accessions with high protein content in descending order are: 1963, 1684. 1 1104. I I, 
1122, 1867, 1 121. 1940. 1 35, i 1186, 1841, 1 1125, 1447A, 1 933, 1961, 1 146. I 870, 1 144, 
1214 and 1 264.

The 20 accessions with high starch content in descending order are: 1362, 1723, I 302, I 204, 
1 1029. 1 872, 1 2o3. I 871. 1 585, I 274. 1 338, I 414. 1 276, I 202, 1 874, 1 552. 1559, 1 94, 
1 159 and 1 281. 

The 20 ac,:essions with high sugar content in descending order are: 1 122, I 1010, i 349,1 1069. 
1 119. I 121. 1 984. 1 470. I 82, 1 1080, I 36. I 1104, 1 324. I 1117. 1 177, 1 1071. 1822. I 60, 
1 395 and 1 1076. 

The 20 accessions with low sugar content in ascending order are: 1 498, 1 587. I 86, 1 872, 1 
354.190, 163, 1216, 1150, 1 151.1970. 1 123, 1585.166. 1 1198,1 94, 1451. 1 155.1 362 and 153. 

,Fhe correlatiom stuidy indicated that protein may not be linked 1t stIgar and dry matter content. 
However, high protein materials may have higher fiber and lower starch content. High sugar contont 
materials have low starch and dry matter content. As in protein, high sugar content clones probably 
also havc higher fiber. High starch clones have low fiber and high dry matter content. High fiber 
clones probably have lower dry matter content. 

Fturther studies have o e carried out ttoestin.:t c the variation betwecn seasons and years. 

Table 22. Descriptive statistics of chemical constituents of sweet potato tubers in AVRDC 
sweet potato collection. 

Characters Mean CV' Minimum Maximum Skewness Kurtosis 
Dry matter 29.87 
Fiber 3.99 
Protein 4.22 
Starch 66.08 
Sugar 15.26 

14.79 
16.39 
33.33 

7.71 
19.53 

14.79 
2.70 
1.34 

44.59 
8.78 

41.98 
7.60 

11.08 
78.02 
27.14 

-0.27 
1.00 
0.91 
-0.78 
0.81 

0.02 
2.26 
1.43 
1.30 
0.95 

/Coetficient of variation. 

Table 23. Correlation between the tuber constituents in the AVRDC sweet potato 

germplasm (all correlation coefficients are significant at p = 0.0001 level). 

Sugar Starch Fiber Dry matter 
Protein 0.20712 -0.55628 0.62675 -0.23538 

0.0001 0.0001 0.0001 0.0001
 
Sugar -0.75882 0.61363 -0.73777 

0.0001 0.0001 0.0001 
Starch -0.84921 0.62436 

0.0001 0.0001
 
Fiber -0.51407 

0.0001 
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Germplasm Recipients 

Angullla (UK) 


Corito Trading Co., Ltd. 


Argentina 


Agrotecnica Trebol Sur S.R.L. 

Instituto Nacloral de Tecnologla Agropecuarla 
Universidad Nac. de Tuc. 

Australia 

Gatton Redland Horticulture Research Station 
Horticulture Research Station 
Pacific Seeds 
Redlands Horticultural Research Station 

Bangladesh 

BARI 
MCC 
Institute of Postgraduate Studies In Agriculture 

Barbados 

CARDI 

Belize 

CARDI 

Bhutan 

Centre for Agricultural Research and 
Development 

Department of Agriculture 

Brazil 

EMBRAPA-CENARGEN 
EMBRAPA-UAPNPBS-RIO de Janeiro 
University Federal de Viqosa 

Brunel 

Ministry of Development 

Burma 

UNDP 
IRRI/Burma Program 

Cambodia 

Church World Service 

Canada
 

Agriculture Canada 
Plant Gene Resources of Canada 
University of Guelph 

Cape Verde Islands 

Instituto Naclonal de Investigfiqao Agraria (INIA) 

Chile 

FAO 

Colombia
 

Agrotrading Import & Export Corp. (ATRIMEXCO)
 
CIAT
 

Cook Islands
 

Totokoltu Research Station
 

Costa Rica
 

Centro de Asesoria e Investigaci6n Blologica y
 
Agricola
 

Coaliclon Costarricense de InIclativas de
 
Desarrollo (CINDE)
 

Finca Selvamar
 
Mision Technica Agrlcola De Taiwan
 
San Joaquin de Flores Heredia 

Cuba 

Instituto Naclonal de Cienclas Agricolas (INCA) 

Dominica 

Agricultural Technical Mission 

Dominican Republic 

Centro Sur de Desarrollo Agropecuarlo (CESDA)
 
Enda - Caribe
 

Egypt
 

Field Crops Research Institute
 
Minuflya University
 

El Salvador 

Agricultural Technical Mission 

Ethiopia 

Bako Research Centre 
JOCV/Ethlopla 
Nazrek Agricultural Research Station 

Fill Islands 

Legalega Research Station 
Ministry of Primary Industries 
Sigatoka Research Station 
Vuda Garden Ltd. 
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France 

Andre Blondeau Selectionneur-Obtenteur 
Clause Seed Company 
Ecole nationale superleure agronomique
INRA 

Germany, Democratic Rep. of 

Zentrallnstltut fbr Genetik und 
Kulturpflanzenforschung 

Germany, Federal Rep. of 

Bayer AG 

Blologische Bundesanstalt fur Land und 


Forstwirtschaft 

University of Bonn 

Ghana 

Agricultural Services Co-operative Society
Ltd. 

Nyankpala Agricultural Experiment Station 
Tanylgbe Atldze Community Farms 

Guadeloupe (France) 

Centre de rocherches agronomiques des
 
Antilles et de la Guyana 


Guam (USA) 

University of Guam 

Honduras 

Oficina de la Mision Tecnica del Japon

La Escuela de Agricultura 


India 

AligarhUnverslty
Ankur Agricultural Research Laboratory

Assam Agricultural University 

AT & PO Bonand
 
Central Agricultural Research Institute 
Central Experiment Station 
Coromandel Indag Products India (P)Ltd.
Department of Genetics & Plant Breeding 
Family Planning Association of India 
Farm & Home Consultancy Service 
Farm Seeds 
Fredrick Institute of Plant Protection and 

Toxicology 
Haryana Agricultural University 
I/C, Scheme for Rese3rch on Vegetable Crops
IARI 
Institute of Advanced Studies, Merrut 
ISNAR 
Lakhnu Pura Rural Integrated Project
Nath Seeds Private Ltd. 
NBPGR 
National Pulses Research Centre 
PAK-College of Agriculture
Punjab Agricultural University 
Regional Research Station/TNAU 

Rural Leprosy Trust
 
Sheetal Hybrid Seeds Company

Tagore Society for Rural Development

The University of Agricultural Sciences 

Indonesia 

AARD/ISNAR
 
Agricultural Technical Mission
Akademl Farming Semarang

Balittan Sukamandi (SURIF)
 
Centre for the Application of Isotopesand Radiation 

Horticulture Research and Development
Centre, Lembang 

IndonesiaAVRDC Bilateral Project
Lembang Horticultural Research Institute(LEHRI) 

Malng Research Institute for Food Crops 
(MARIF)

Nutritiou Research and Development CentreSub Balal Pasar Miring
 
Universitas Merdeka Madlum
 
University cf Merdeka
 

Iran
 
Seed and Plant Improvement Institute
 

Iraq 

Agriculture and Water Resources Research 

Centre 

Israel 

NIRIT Co. 

Jamaica 

FAO 
Irwin 

of the West Indies 

Japan 

Agricultural Research Center
 
Fukuoka Pref. Federation of Agricultural
 
Cooperatives

Ibaraki-Ken Horticultural Experiment Station 
Kagome Co., Ltd. 
Kagoshirna Agricultural Experiment Station 
Kochi University 
Morioka Branch, Vegetable & Ornamentai 

Crops Research Station 
Nagano Chushin Agriculture Experiment 

Station 
Nagasaki Agricultural Association 
Ogasaware Sub-Tropical Agriceltural Center 
Okinawa Seklyu Selsei Co., Ltd. 
Sakata Seed Co., Ltd. 
Talyo Consultants Co., Ltd. 
Takarazuka Research Center 
The University of Tokyo 
Tokyo Agricultural University
Tsukuba International Agricultural Training 

Center, JICA 
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Jordan 

Eastern Company 

Kenya 

National Dryland Farming Research Station 

Kiribati 

Engelhardt Training Centre 

Korea, Rep. of 

Cheju National University 
Chon-Buk Rural Development Administration 
Dongwon Nongsan Seed Co. 
Gyeongsang National University 
Horticultural Experiment Station, Rural 

Development Administration 
.Lju Prvincial Office of Rural Development 
Pfovincki Rural Devcopment Administration 

(PRDA) 
The Chonnram Provincial Rural Development 
Administration 

Lebanon 

American University of Beirut 

Liberia 

AVSPP/NCRDP 
Lowland - NCRDP 
NCRDP - Saolepea 

Madagascar 

Madagascar - IRRI 

Malawi 

Bvumbwe Research Station 

Malaysia 

Agriculture Research Centre 
MARDI 
Universiti Pertanlan Malaysia 

Maldives 

Kandhu Edhuruge 

Marshall Islands 

Agricultural Technical Mission In Marshall 
Island 

Mauritius 

Farming Society 

Mexico 

Centro de Investigaciones Agricolas del 
Golfo Centro 

Progress Report 1987 

SARH, Inst. Naclonal de Investigaclones 
Agricolas 

Namibla 

Julwa Bushman Development Foundation 

Nepal 

HMG/FAO Vegetable Seed Production Project 
Institute of Agriculture and Animal Sciences 
PADCO 
Rural Development Centre
 
Secretariat of National Agricultural Research
 
The United States Mission to Nepal
 
Tribhuvan University
 
Vegetable Development Division
 

Netherlands
 

Bejo Zaden B.V.
 
Bruinsma Seeds B.V.
 
Derulter Zonen B.V.
 
Glasshouse Crups Research & Experiment
 

Station
 
Royal Sluis B.V.
 
Sluis & Groot Research, Zaadurie B.V.
 

Niger
 

Institut pratique Je development rural (IPDR)
 

Nigeria 

Ahmadu Bello University 
Anambra State University of Technology
IITA 
Ministry of Agriculture and Natural Resources 
Nosarag Farms (Nig.) Ltd.
 
Okapuala Cooperatives

Omorogbe Farms Ltd.
 
Shell Pctrot-Dcv. Corp. Nig. Ltd. 
UNDP/FAO Project NIR/84!014 

Nlue Islands 

Dept. of Agriculture & Fishery 

Pakistan 

Agricultural Research Institute 
National Agricultural Research Centre 
Nuclear Institute for Agriculture and Biology 
STM International 

Panama 

Nestle Panama, S.A. 

Papua New Guinea 

Division of Primary Industry 
Laloki Agricultural Research Station 
racific Adventist College (PAC) 
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Estacion Experimental Agropecuaria Unvrst of Steilen Bosch
EstacionExperimental Baflos del :nca ~ '""$.~ W'~« 

Phlpie-Sri Lanka '""''b4' ~ ~ , ', 

"iAsian Farming Systems NetworkliRRi 
'AVRDCf POP 'p A 

Bege Stt Unversty,' ' 

B8ohol Agricuitural.Promotional Center 
,'Don Mariano Marcos Memorial 

<State University
~<' Institute' of Plant Breeding

SIRRI ''.'St. 

<' 

' 

"(AgriculturalRearhStio
Israel Interests Secio 
Department 'of AgriculIture% ~ 
Dvipmn~ientvs n 
Tea,Research Institute 
Tropical Sunblest, Fruit Company 

, 

Lucia 

' 

~''~ 

'~' 

Mariano Marcos State University
Mlndana'State University;

~Ministry of Agriculture and Food 
CARDI' 

Negros Forest & Ecological
'Foundation Inc,
Nestle Philippines, Inc. 
Northern. Mindanao State Institute of 
Science & Technology

Panay State Poiytechiic; College
Parvea.-Ojian tate Univer~ltyvS~zdn 
Phil-nut Ptnd4,.: v'i*o lndu.stry ' 

tHlzal COllegeo oi 5wk~Technology 

Swazlan 

Agrlcultuiraf Technical Mission 
University of Swaziland 

VSCTAR
NiE AR 

~ r~,ac~,Tahiti (Franca) 

Polynesia, 1-rench 
', Taiwan, China 

. , 

CIRAD . 

Portugal 

' 

'Academia SInica 
Chlayl Agricultural College 
Fu Jen University

'Hwaiien DAIS ' 

A 

Universidade do Evora 
Salpan "Ncticnai 
SalpnnNational 

' 

Known You Seed Company
National Chiayi Institute of Agriculture

Cnung Ilsing University
IEIWdn kfnlvcrslty 

" 

Northotr'i'MarlrI a CollegeTacugDI 
"1 Tanzania 

Samoa, American''' I'' 

7' AmericanaSamoacClmtnityCollegelggAmercan amoaComunitColegeKilombero Sugar Co. Ltd. 
nstlt-sto ( 

Saudi 'Arabia 'Thailand' 

Community Development Consultants (CDC)
Tabuk Agriculltural Doeeopment Co, (TADCO) 

Northern Regional Agriculture Development.
Centrew 2'1 

' 

Senga Senegal .1 "ChaInat Field Crops Research Centre
Chia Tal CoLt. 

' "' 

ln~ttut en'ealaid~rechrche agrccie -'Io~ttutsenealasd recerces arlclesCollege, Chlangmal University ,
f Agriculture' 

Sa2" ,, 
V S~y~i~lis' ' 

'VI ' ' 

' , East-West Seed Company,-
Field Crops Resiarch Institute 

Grand nse EperimntalentreKasetsart
Grad'Ase ExprimntaCetreMaejo 

1' , ~~~~' 
'Singapore I <" ~ ', - ,~, 

1' -I&- 4.<'~I" '' ~'V '~"~""'SrIsarnrong 

Eastreco (Pte,) Ltd.,'" /"''""' a I" 
World Form Col, Ltd.>~VI """ 

" 

Ujniversity ' ' 

Institute of Agricultural.Technology -

3~Oxfam BoigiqUo b"'.I 

IPrince 'of Sungkihla University, " '''VKV 

Field -Crop Experiment Station,'"' 
Thailarnd Inistitute of Scientific 

and Technological Research TOP/AVRDC 

V~' 
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Togo 


Ecole sup. d'agronomie 

Trinidad 

Caribbean Chemicals and Agencies Ltd. 
The University of the West Indies 

Turkey 

Cumhuriyet Unlver--Ity 

United Kingdom 

L.W. Lambourn & Co. 

USA 

AID - Wyoming Team 
Asgrow Seed Company 
Campbell Inst. for Research and Technology
Eagle Seed Co. 
Ferry Morse Sced Co. 
Harris Moran Seed Co. 
Heinz USA 
Hort. Science Institute, USDA 
Land O'Lakes, Inc. 
Mississippi Agr. & Forestry Expt. Station 
Northrup King Company 
Oklahoma State University 
Oregon State University 
Peto Seed Co., Inc. 
Richfield Packing Co., Inc. 
Seedcra3t, Inc. 
University of California 
University of Arizona, Tucscn 

Porgress Report 1987 

Uganda
 

Luweero Rural Development Coop. 
Society Limited 

Makerere University 

Vanuatu 

Matevulu College 
Tagbe Agricultural School 

Vietnam 

University of Cantho 

Yemen Arab Rep. 

Ministry of Agriculture & Agrarian 
Reform 

Yugoslavia 

University E. Kardelj, Ljubljana 

Zaire 

Agriculture fruits et legumes, s.p.r.I. 

Zambia 

Mwapula Research Estates 
National Irrigation Res. Sta. 
Zambia Seed Co., Ltd. 

Zimbabwe 

Chlredzl Research Station 



Information Services 

Publications 

The primary manner that the Office of Information Services (OIS) accomplishes its communication 
function is by publication of AVRDC's research and development work.The publication process consists 
of the following distinctive stages: (1) writing of the manuscript: (2) editing; (3) preparation of camera
ready copy for printing: t4) printing: and (5) distribution. During 1987 OIS completed the publication 
process for -12,622 copies of 29 different publications which contained a total of 2,062 pag's (Table I).
This represents an increase of approximately 10% more output of the key indicator in publications,
i.e. number of camera-ready pages, over 1986. By year-end two publications with 359 pages were 
prepared to the camera-ready stage and were ready to print: two publications with a total of 550 pages 
were through with the editing process: and the manuscripts were written for another four documents. 

Journal Publication and Symposium Presentations 

During 1987 a total of 13 journal papers, written by AVRI)C scientists, were published and II
articles were prepared for publication (Tables 2 and 3). Also during the year 24 symposiul presentations 
we;e made by AVRDC scientists (Table 4). Other articles/items published are listed in Table 5. 

Editing/Authoring Services 

During 1987 OIS authored one issue of the Centerpoint newsletter and compiled the 1986 Progress
Report Summaries. It also edited 16 najor documents, 3 issues of periodicals, 22 journal papers, 93 
symposium prescntations, 6 brochures and 40 informal documents (Tables I, 2 and 3). 

Publication A. tivities 

" 	Copublication 1: AVRDC had made a copublication arrangement with the Technical Centre for 
Agricultural and Rural Action (CTA) and the Agence de cooperation culturelle et technique (ACCT)
to publish AVRDC's Sweet Potato Proceedings in French. During the year the manuscript %-s 
typeset and was in press at year-end. 

* 	 Copublication I1: In another copublication venture, a contract vas signed between AVRDC and 
Wiley Eastern, Ltd.. New Delhi to copublish N.S. Talckar's monograph entitled Agromvzid Flies 
oJ'FoodLegumes in the Tropics. The contract stipulates that Wiley Eastern, Ltd. will publish the 
work and distribute it through the John Wiley network worldwide, ',he author will be responsible
for reviewing all editorial work done by the publisher; AVRDC will provide all graphics, check 
the quality of the materials to be utilized and purchase sufficient copies of the work for its own 
distributive network: and the royalties of the work "ill be equitably divided between the author 
and AVRDC. 

Public Awareness 

During 1987 many articles about AVRDC's activities appeared in the local press and in the press
of man) national programs wlhich specialize on agricultural development issues. Much of the basic 
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Table 1. AVRDC publication schedule in 1987. 

Publication No of No of Tota!l TVISZ Quarter 

Ld~tol copies pages of pages published 

Documents 
Lastimnsar 1984 Pirgis, Report 900 - 142,800 1st 
McLean et al. Soybean Croponig System (rev. ed) 2,500 1.260,000 1st 
Taleka Insr't ' o: !i( Sweet Potato Crop in Java 2.000 28 56,000 1st 

(translatiuon) 
Caldwell TB 16 Asseswrig Rainy Season Vegetable 1,500 40 60,000 x 2nd 

Prorductoi Alternatives 
Marlowe AVRDC Acconipii,hents, Goals and Structure 500 27 13,5003 3rd 
Yoon ei al Int Coop. Guide Chinese Cabbage Cultura' 1,500 6 9,000 x 3rd 

Practices in the Tropics (rev. ed.) 
P.L. Hwang et al Sobean Rust Bibliography 1895-1986 1.500 112 168,000 x 3rd 
Sundar, Lasti. Soybean Varietal Improvement 1,500 104 156,000 x 3rd 

mesa. Llemit 
Sundar/McLean Abstracts, 2nd Internationol Mungbean Symposium 330 48 15.840 x 4th 

- Notebook, 2nd International Mungbean Synposium 250 50 12.500 4th 
Soderlund/ 1986 Progress Repor' Summaries 2,000 102 204.000 4th 

Mclean 
Lastimosa 1985 Progress Report 900 473 425.700 4th 
Llemit, Lasti. Gardening Nutritious Vegetables - 100 -

mesa 
Saadaor et al Mungbean Bibliography - 250 -

Subtotal 15.3L0 1,340 2.823.340 
Periodicals 

McLeanfLlemit AVRDC Newsletter (weekly) 200 216 43,200 lst-4th 
McLean TVIS News. Vol. 2. No. 2 1.500 86 129,000 x 2nd 
Tschanz, Sundar, Soybean Rust Newsletter, Vol. 8 1,500 24 36,000 x 2nd 

Llemit 
McLean Centerpoint. Vo! 6 8,200 8 65600 4th 

Subtotal 11.400 334 273,800 
Brochures lAnnouncements 

Sundar Soybean &Mungbean Directory Questionnaire 3.000 3 9.000 x ist 
Castro Comparative Technology Training Leaflet 500 3 !.500 2nd 
Sundar 2nd Int'l Mungbean zymposium Final 350 3 1.050 x 2nd 

Announcement 
Castro Training Brochure 8.000 3 24.000 2nd-4th 
McLean Publication Lists 7 12.000 2nd-4th 
Yoon Chinese Catlbage Directory uestionnaire 2.600 3 7.800 x 3rd 
Green TomatoiPepper Symposium Final Announcement 375 3 1.125 
Green Sweet Potato Phytosanitary Statement 200 2 400 4th 

Subtotal 15.025 27 56,875 
Reprints 

- Frontiers for Science & Technology in Vegetable 200 20 4,000 1st 
- International Cooperators' Guides 1,017 28 28,467 1st 
- Chinese Cabbage Proceedings 500 50( 250.000 x 2nd 

Subtotal 1,117 548 282,467 

Total 43.52' 2 2,19 3 136.182 
/An x indicate, that publictin ir, part of te l ii)oici Vegetiiii Irfiirnitiin Sorvii t- I VlSI)prlec 

in formation for these ne\vs items caitte 'rotl AVRI)Cs publicity acti siti ,. ,,tch as persnal ne lcrltile 
with jounalists, press releases and the etrpoint ies, slitr. I)t illy'tfilte ear OIS issned two prcssh 
releases, one on the release ol' several new AVR DC-devchclpcl varieties. itd the olier mi the Second 
Internatinnal Munglean Syiip)sitni and thc five ne\ AVRI)C itunngbcan releases announced during 
the proLcCdings. ()IS [)I'cpa.tredl hundreds ol hrielrtg kils IOr VIP visitors 10 the ('ctCr anild crntineCd 
to systcnttaticallV prepare inf'Ornation kits IOr senrior stalff +Ito Use lrl'illg ovCSeIS travel. Tliese kits 
contain small quaitttities o( e most recnl ne Iteew Adt'medrrttpoint letter. ,.lr Tninghlt 
OPpOlImlities at AVRDC hrochrchurc. tu[cotiting sy-n)osia anllnlolcellle]S. the VIlP (jllitesiimnaire, 
directory qtcstioinaires, atid the postcard Used l or tie mailing list l:OrthitsC. (IS aSO rati htie slide 
shoss in the auditorium for 117 grottps of visitors durting I987. 
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Table 2. Journal articles published In 1987. 
Author(s) Title 	 Journal 

S.-H. Choi, Incompletely dominant single resistance gene Euphytica 40:193-197
 
Green, D.-R. for peanut stripe virus in soybean line
 
Lee and Yoon AGS 129
 

S.K. Green Uneven distribution of two potyviruses Trop. Pest Mgt. 34(3):

Y.-J. Kuo and (feathery mottle virums and sweet potato 298-302
 
D.-R. Lee latE virus) in sweet potato plants and its
 

implica -n on virus indexing of meristem 
derive plants 

S.K. Green, 	 Epidemiology of tomato mosaic virus in J. Plant Dis. Protection 
L.-L. Hwang Taiwan and identification of strains 94(4):386-397

and Y.-J. Kuo
 

B.C. Imrie Source of variation in yield in international Field Crops Research
 
and Sundar mungbean trials
 

Kuo, H.-M Chen, Associations between heat tolerance, water Euphytica 39:65-73
 
B-. Shen, consumption, and morphological characters
 
H.-C. Chen, in Chinese cabbage
 
Opeia
 

S.-H. Lai 	 Production of processing tomato in Taiwan Shin Nung Farm Magazine
(in Chinese) 

E.M. Saadaoui 	 Cercospora blight of asparagus in Malaysia Plant Disease Note 71:1146 

N.S. 	Talekar Host plant resistance to insects attacking Insect Sci. Appl.

soybean and mungbean in the tropics 8(4/5/6):777-782
 

N.S. 	Talekar Influence of cultural pest management tech- Insect Sci. Appl.
 
niques un the infestation of sweetpotato weevil 8(4/5/6):809-814
 

'.S. Talekar 	 Resistance in sweet potato to sweetpotato Insect Sci. Appl.

weevil 8(4/5/6):819
 

N.S. 	Talekr Feasibility of the use of resistant cultivars Insect Sci. Appl.

in sweetpotato weevil control 8(4/5/6):815-817
 

N.S. Talekar, 	 Nature of damage and sources of resistance J. of Econ. Ent. 80:788-791 
K.-W. 	 Cheng to sweetpotato vine borer (Lepidoptera:
 

Pyralidae) in sweet potato
 

Yoon 	 Peppers and Chinese cabbage adaptation to Span 30(2):64-66
 
the tropics
 

* Journalists. (ISmet with journalists from India. the Philippines. South Africa and Taiwan during 
1987.
 

* )ISdirected tilefilning at AVRI)C of **Is Agricultural Research Keeping Pace with the March 
of the Billions'", commissioned by the German Agency for Technical Cooperation (GTZ) and 
taken by the CRW. Filinproduktion crew which premiered on World Food Day (16 October 198") 
in Frankfurt. The 30-minute film includes segments on the work of the International Center ftr 
Maize and Wheat Improvement (CIMMYT). tile International Livestock Center for Africa (ILCA.)
and AVRDC. Copies of this German language film are available for viewing in Beta and VHS 

l'Ormats from tile growing OIS video fil library. 
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Table 3. Journal articles prepared In 1987. 

Author(s) 	 Title 
GC.J. 	 Effects of temperature and photoperiod on 
Fernandez, 	 reproductive development of reduced photoperiod. 
H.-K. Chen 	 sensitive mungbean genotypes: A quantitative model 

S.K. 	Green Occurrence of peanut stripe virus (PStV) on soybean 
in Taiwan - Effect on yield and screening of resistance 

S.K. Green, 	 Leaf curl virus on ton,,.o in Taiwan 
Y. Sulyo, 
D.E. Lesemann 

B.A. Kratky, 	 Observations on non-circulating hydroponic 
J.E. Bowen, 	 system for vegetable production 
H. Imai 

Kuo, H.-M. Chen Changes in plant hormones of tomato pistil 
B.-J. Shen and during fruit set in hot and cool seasons 
L.-H. Md 

N.S. Talekar. Biology of Ophiomyia centrosematis (Diptera: 
Y.-H. Lee Agromyzidae), a pest of soybean 

IJ.S. Talekar, Resistance of soybean to four defoliator 
Y.-H. Lee, species in Taiwan 
Suharsono 

N.S. 	Talekar Characteristics of Melanagromyza sojae 
(Diptera:Agromyzidae) damage in soybean 

N.S. Talekar 	 Morphological and physiological 
H.-C. Yang, traits associated with agromyzid (Diptera: 
Y.-H. Lee Agromyzidae) resistance in mungbean 

N.S. Talekar, A procedure for mass-rearing of beanfly 
Y.-H. Lee (Diptega: Agromyzidae) in the laboratory 

A. Saflapongse, Effect of blanting date on growth and yield of 
M.-H. Wu, sweet potatoes 
Y.-C. Roan 

Journal 

J. Amer. Soc. of Hort. Sci. 

Trop. Pest Mgt.
 

FAO Plant Protection Bul.
 

HortScience
 

J. Amer. Soc. Hort. Sci. 

Ann. Ent. Soc. Amer. 

J. Econ. Ent. 

J. Econ. Ent. Section C 

J. Econ. Ent. Section C 

J. Econ. Ent. 

J. Amer. Soc. of Hort. Sci. 

.Xho IARC-Center Directos ,lave e'stablished a "Public Awareness Committee" to enhance support
for international agricultural research and assigned their respective information officers to participate. 
AVRDC has attempted from t:ie beginning to direct the Committee toward support for the entire 
IARC system. At the Committee's most recent meeting in Washington, D.C. in late October, 
AVRDC presented the specially-drawn map (see p. 482) which first appeared in the AVRDC 
Accomplishment.;, Goals and Structure pamphlet. It was suggested that all Centers which formally 
join the Committee should appear on such a map which could be utilized in the members' general 
publications, :uch as annual reports, general brochures, etc. In this way the entire IARC system 
is strengthened with, hopefully, eventual concomitant donor support to the participating Centers. 

Data Base 

Mailing List 

The mailing list is a data base that now contains useful up-to-date information including crop 
interests, telephone and telex numbers and is accessible for keyword search through any HP terminal 
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Table 4. Symposium/Workshop presentations In 1987. 

Author(s) Presentation 
Chen C.-Y., Utilization patterns of mungbean in Chinese 
Tsou, H.-H. diet 
Wang 

Fernandez 	 Current strategies for conservation of sweet 
potato germplasm at AVRDC 

Fernande? 	 Status of the sweet potato collection at AVRDC 

Fernandez, The AVRDC mungbean breeding program: Past, 
Sundar present and future 

Green 	 The virus elimination and virus indexing
scheme for sweet potato at AVRDC 

Iwanaga, Yoon, Evaluation of the breeding value of 7x 
Talekar, interspecific hybrids between sweet potato 
Y. Unemura 	 cultivars and 4x I. trifida 

Kratky, A steel-reinforced, concrete-filled PVC pipe 
Y.-C. Roan shelter for vegetable seedlings 

Opera, Takagi, AVRDC sweet potato improvement program 
Tsou 

OperCia, Sun 	 AVRDC sweet ,otato research program 

Opefia, Sundar, Vegetable germplasm at AVRDC and its 
Fernandez, utilization in crop improvement with 
Yoon, Takagi, reference to disease resistance breeding 
Tschanz,
 
Green
 

Sajjapongse 	 Effect of weed competition and metribuzin on 
transplanted tomatoes 

Sajjapongse 	 Weed management in vegetable fields 

Sundar 	 Genetic improvement of annual oilseed 

Sundar 	 Seed production and management of soybean 
and mungbean 

Sundar, Filling the yield gap in soybean - strategies 
Tsou and methodologies 

Talekar 	 Insect pests of sweet potato in the tropics 

Talekar 	 Biology, damagr and control of bruchid pests 
of mungbean 

Takagi, Sweet potato breeding at AVRDC to overcome 
Opeha constraints in production 

Tay 	 Present status, management and utilization of 
tropical vegetable genetic resources at AVRDC 

Symposium/Workshop 
2nd Int. Mungbean Symp. 
Bangkok, 16-20 Nov. 

CIP Sweet Potato Workshop, 
Lima, Peru, Feb. 

CIP Sweet Potato Workshop, 
Lima, Peru, Feb. 

2nd Int. Mungbean Symp., 
Bangkok, 16-20 Nov. 

CIP Sweet Potato Workshop, 
Lima, Peru, Feb. 

Int. Sweet Potato Workshop, 
ViSCA, Philippines 
20-26 May 

20th Nat. Agr. Plastics 
Congress, USA, Aug. 

Int. Sweet Potato Workshop, 
ViSCA, Leyte, Philippines, 
20-26 May 

Workshop on Sweet Potato 
Improvement in E. Africa, CIAT/ 
CIP/IITA, 28 Sept. to 2 Oct. 

IBPGR Workshop on Germplasm
Resouces of East Asia, Tsukuba, 
Oct. 

11th Conf. Asian-Pacific 
Weed Sci. Soc., Taipei, Nov. 

11th Conf. Asian-Pacific 

Weed Sci. Soc., Taipei, Nov. 

Int. Bot. Congress, Berlin 

IRRI, Philippines 

CGPRT Workshop on Soybean 
Improvement, Bogor, Feb. 

Plant Protection Congress 
Manila, Sept. 

2nd Int. Mungbean Symp., 
Bangkok, 16-20 Nov. 

CIP Sweet Potato Workshop. 
Lima, Peru, Feb. 

Int. Workshop on Crop 
Gen. Res. in E. Asia, 
Tsukuba, 10-13 Nov. 
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Table 4. Continued. 

Author(s) 
J.L. Tickoo. 
C.-S. Ahn, 
H.-K. Chen. 
Sundar 

Tschanz 

Tsou, K.-K Kan, 
S.-Y. Wang 

Tu S., 
Tsay 

Presentation 
Utilization in India of genetic variability
fron AVRDC rnungbean germplasm 

Disease problems, varietal resistance and 
chemical constraints in soybean and mungbean 
in the tropics 

Biochemical studies on sweet potato for better 
utilizaion at AVRDC 

Recent development of rice paddy field farming
in Taiwan 

SyMposium/Workshop 
2nd Int. Mungbean Syrup. 
Bangkok. 16-20 Nov. 

Plant Protection Congress, 
Manila, Sept. 

Int. Sweet Potato Workshop. 
ViSCA, Philippines 20-26 May 

Farming Systems and Management 
inA ,ia Workshop, Philippines, 
22-28 June 

Author(s) 

Imai, C.-H. Ma, 
Tsay, Sundar 

S.-H. Lai 

S.-H. Lai 

S.H. Lai 

McLean 

Sundar 


Opeha, 

Tschanz 


Tay 


Yoon, 

S.-S.-M Lin, 
C.-S. Hung, 
Tsou
 

Sundar, J.-M. 
Poehlman 

Takagi 


Talekar 

Talekar 

Table 5. Other articles/items pubished in 1987. 
Title 

Newsletters
 
Maximum yield trials of soybean at AVRDC 


Tomato World (in Chinese) (translated from 
"The California Tomato Grower") 
AMITOM (in Chinese) (translated from the 
"Second International Symposium on 
Processing Tomatoes") 

Production of processing tomato in Taiwan 
(in Chinese) 

AVRDC adds pepper as new principal crop
Screening for soybean rust resistance in 
perennial glycine 

Bacterial wilt resistance breeding program on 
tomato at AVRDC 
Characterization and evaluwtion work it 
AVRDC - an example with Brassica canipesrris 
The evaluation of early vegetative 
generations of sweet potato clones in a 
polycross breeding nursery 

Chapter In Book 
Genetics and breeding of mungbean 

Genetic resources handbook 

Insect pests of soybean in tropical to 
subtropical asia 

Book
 
Agromyzid Flies of Food Legumes in the 
Tropics 

Fublication 

Better Crops International 

Shin Nung Farm Magazine 

Shin Nung Farm Magazine 

Shin Nung Farm Magazine 

Capsicum Newsletter 
Soybean Rust Newsletter, 
Vol. 8 

ACIAR Bacterial Wilt Newsletter 

iI3P";E4"FAP Newslctte 

IBPGR Regional Committee
 
for Southeast Asia Newsletter
 
(1987):24-27
 

A.S. Mandal and Bahl, eds. 
Genetics, Cytogenetics and 
Breeding of Crop Plants 

Kodansha Scientific 
Co.Ltd. (in Japanese) 
Soybeans for the Tropics, 
John Wiley and Sons 

John Wiley Eastern of 
New Delhi & AVRDC 
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in the Center. The current status of this data base is provided in Table 6. AVRDC continucs to save 
resources with no qualitative reduction incomrlunicating its activities by the recent mailing list update. 
Savings of nearly US$1,800 in postage charges were mailing list.made by updating tile 

During 1987 a complimentary library address data base w'as established to hold and aid in tile 
analysis of information gained fron the library survey (see distribution section). 

Table 6. Mailing list data base, 1983-87. 

Number of listings
Date 

Total Libraries VIP 

April 1983 4,785 404 na' 

December 1984 5,999 538 na 
December 1985 6,975 718 270 
November 1986 4,697 546 168 
December 1987 5,016 573 440 
1rlot available 

OIS Slide File 

As noted in the 1986 Prgires. R',uwt. the previous system of an open )ISslide file, supplemented 
by large collections of slides inthe diverse departments, was inadequate with the best slides oltcn 
borrowCd and never retuined to tile)ISfile. SIides taken by (IS for various departments are sometimes 
treated as *persoual' co llcctions and taken by departing scientists, thereby permanently removing thern 
firoin the Center. To cnsure that all slides taken by )ISrenmain in its file. it was decided that departments 
should make requests t'0r duplica tcs. 

Photo Services 

The photogriphic unit took iver 16,000 photographic records olithe scientific k ork in progress 
during 1987 in over 1.)00 separate photographing sessions inthe fields, laboratories or studio. A 
total of 5,364 of these black and white prints and blue slides were also developed at AVRI)C in tile 
)ISdarkroom. 

The seninor phortographc r rired the first overscas photographic service l'r AVRI)C when 
he traveled 10 lOcuiurCnt the Second International oLungbean SyIrposiuni in Bangkok. Inl addition to 
ful, recordine the riutitcetCd activitiCS during thie Syilipositinr. he spent several days photographing 
for (IS anrid T)P. as \ell as holding a winrkshop fi Ilhai icaI0 nr TOP collcagucs ald providing tech 
assistance on iiakiir blue Slides. 

Art Services 

The art services unit processed 116 requests fIor a total of 230 figures, tables, posters. book covers, 
etc. during 1987. Among these nunicrous assignments are many extremely creative challenges such 
as the design of five original hook c'overs. scven wall posters and the final illustrations for the 87 
figures for the Iorhcomliiug S'crl i IternationialMingb'al Symposiumn Proceedings. 

Purchase of the Electronic Typesetter 

To increase cl iciency. reduce crsts and imprive turn-around times during the preparation of' 
camlra-ready copies,OIS proposed Cvaluatlng the feasibility of leasing electronic typesetting cquipliCnt 
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in 1986. After an exhaustive evaluation, it was decided that OiS purchase the same typesetting equipment 
utilized by AVRDC's commercial printers.

The decision to purchase the Compugraphic MCS 8000 typesetter with interactive terminal was
taken in January and the purchase order was issued on 6 February with shipment arranged lr 12 
March 1987. Delivery did not occur until 7 April and the key MCS 8000 typesetter was damaged
en route. After repeated attempts to repair this precision piece of equipment failed, a new, perfectly
functioning typesetter was delivered on 10 July.

To catl- up on typesetting work owing to late delivery of the equipment, a day and a swing shift 
wer2 imple nented seven days a week beginning in August. Work schedules vere rearranged to allow 
two noncampus resident staff to regularly excha nge a normal workday for Saturday or Sunday and
keep the typesetter in operation during the day shift seven days a week. OIS staff who live in the 
campus alternated to work the swing shift seven days a week while carning compensatory leave. Table
7 lists the work accompl ished on the photocomposition machine in 1987, worth US$20,880. Of this 
amount, US$12,480 are receipts toward the purchase of the equipment and US$8,400 represent direct 
savings in the core budget. 

Table 7. Work accomplished on typesetter, 1987. 
Publication No. of typeset pages 

A. TVIS Project 

Soybean Rust Newsletter, No. 8 24
TVIS News, Vol. 2, No. 2 86 
Soybean Rust Bibliography 110

Soybean Varietal Improvement Workshop 87
 
Mungbean/Soybean Directory Questionnaire 
 3
 
Chinese Cabbage Directory Questionnaire 3

Mungbean Symposium Final Announcement 3
 

- Mungbean Symposium Abstract 45 
- International Cooperator's Guide - Chinese cabbage 6
 
- Mungbean Bibliography 
 250
 
- Mungbean Symposium name/registration cards 37
 

Subtotal 654 

B. Tomato & Pepper Symposium 

- Final Announcement Subtotal 6 

C. AVRDC 

- Centerpoint, Vol. 6 8 
1985 Progress Report 483
Insect Pests of Sweet Potato in Java 15
 
1986 Progress Report Summaries 33

AVRDC Accomplishments, Goals & Structure 
 27
 
Publication lists 
 8
 
Tschanz's & Talekar's IRRI Proceedings Articles 28
 
Comparative Technology Leaflet 
 3 
Three 'iaining Brochures 6

Sweet Potato Phytosanitary Statement 2
 
Forms 
 10
Publication Lists 7 

Subtotal 630 

Grand total 1,290 
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Distribution 

An Update on the 1986 Proposal 

In the proposal entitled "Towards a Cost-Elective Publication Policy" madc at the 1986 Progress 
and Planning Workshop. 0IS noted that the question ol "how to reduce distribution costs of AVRDC's 
research achievements while increasing the impact through a superior quality of distribution?" had 
been clearly posed by the lbrcc of cvents: 2317 increase in postal rates; 27'%decrease inlocal purchasing 
power of US$ budget, and a sharp rcduLtion in tileam0ou1nt of US dollars allocated for the distribution 
of publications. 

Several measures were suggested to challenge above:meet tile 

" Monitor Postage expeniditures of'publicotions: 
* Subsidize cost of autom1atic distribution.
 
" Reduce the number of addressees receiving automatic free distribution;
 
" Utilize postal tariffs fully: and
 
" Increase sales.
 

The overall progress in implementing this distribution proposal is given below. 

Monitor Postage Expenditures of Publications 

(ISwas provided with a budget for distribution of publications for the first time in 1987. This 
provided the basis for OIS to careflIly plan and utilize the limited funds available. All Postal expenditures 
were categorized as: 

" automatic complimentary (i.e. libraries, bilateral projects. etc.). 
" complimnentarv on request, 
" promotional (distributors, book reviews, etc. I. or 
* for sale. 

The 1987 postal expenditures are itemized in Table 8. One new element isthat the postage utilized 
to make asale isdeducted from the sales receipts and credited back to the postage fund. thereby allowing 
the extremely limited fund!, to be utilized for the automatic and selective complimentary distribution. 

Table 8. dIS postal expenditures for documents, 1987. 

Category. 01S (NT$) TVIS (NT$) 
Automatic complimentary 286,628 139,392 
Automatic on request 21,372 -
Promotional 30,833 -
By sales -53,694 

285,139 139,392 
(US$8.911)* (US$4,356) 

*Exchange rate of US$1.O0 = NT$32. 

Subsidize Cost of Automatic Distribution 

Two different avenues \ere pursued. tile approached concerningFirst local authorities were 
reduced postal rates. Although there is pirovision for a reduction in postal rates for periodicals, tile 
complexity of meeting all requirements and the frequency of AVRDC's periodicals made pursuit of 
this avenue, under the current regulations. unleasible. 

As proposed in 1986. an "AVRIDC Publication Distribution Fund- was established in 1987 and 
a dihi/en potential donors ,.yere apprtoached tir contributions. One donor. tile Technical Centre for 
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Agricultural and Rural Cooperation (CTA). pledged a IJS$5.000 contribution for 1988 to be used
 
to cover tile
postal charges for ipublicati.ons sent to the African. Caribbean and Pacific (ACP) states
 
and European Community (EC) nations.
 

Reduce the Number of Addressees Receiving Automatic Free Distribution 

Over the last decade, AVRDC has provided cotnplintlntarV copies of1 1ol of' its publications

lutomaltically upon publication to selecled libraries and VIIP aldressees 
 in its nailing list. OIS has

redicCd the tW.aI numtuber oi"these addressees by aIbouIt t cIrrent 714)
38"( (from 988 in 1985 tihle 

through the ailing list ulpldaItC. HowCver, ias
p)ointCd oLt in 1986, before further reducin tilenumber
 
of libraries which function isAVRI)C repositorics of Ipulicalions. "itis CsscnI1.]tialhalt (ISconduct
 
t SCriOLIs study utl planned
tili/inil Itr nailing5, to conlact these libraries to obtain inforniation en 
this m lLrantqiuestion and also coope'rators in the ulJversilicslla.tional prograits.k, Iolse the libraries. 
to verify the liibrarians' responses." \\ilt the inllomation frou llissurve .A\'RI)C will be in a
 
position to select ke\ libr:,rics hich make its publications available and arC ulablC I oblain thcm
 
ill ianlner excpl inentary subscriptions. AVRI)C can thcn substantially reducC
any other by copltn 

the nuInher of libraries svhich recei e epublicaltion.
Ir 


Two luestionnaires were dCvClopCd, one for the library and the othfCr library usCrs, in the 
first quarter of" 1987. The library questionnaire \ tsdcsiblned to diterminc ih )CL'i\Cd \;IlC 9' 
AVRI)C's p1ublicalions to tihe reslecti e colleclion, the availability and usc read'r, ,I1i\ VI),,l'.
dCpositcd AVRI)( publications, the pullcat1ioiln(s) AVRI)( reccives ii cxi;l'' t i .
 
willingness and abilif\ iulicalis in ilhC ')Ihc
to purelits • AVRI)(" ouiru. 1i it'. ,c; ill,
 
Situll IrqelIcstedI the cleccd lers to sCalih the NhlCif
;aid Lid ctalo i \clif', lt ill , i, ii i[i.!
 
oilthe samle si\ AVRI)(" publications a inth libti r qn thtialitc
 

Thc lihrar%tqlUelstlilil- \\ifasent to 571 libraries illtihl iitinIi.1 of toie third (ItiL1lci
ill1987.
 
Tonisure i serious response floilthiiallliiitllttlllltb I llbraii,-'. this qtii ilrc is enw tolther
 
t.;ilhsix newly books pc ildicah wiose ,alcs pictc total-id L Y3 W). flie hlbarian,,Ipiublislhcd AVRI)(' 

\wrec iJlflornid lhalthereV %\ould be nofiture deposLis ofA\'R!)(' ibiC 
 atioui, itii hir qll.illlii>
 
,etr retLIrtiCd dil \ seere 1tiI cilrs cilone-third of the tiestiiiircs ,cic iln.'.1
 

A gelnerl cotisiderail basedLtutt i I)rClitinoar\ illiOll 4f (te riurlllllh.'t
rl Cat. lii queshi4it[llialllC,isi
 
hliit
AVR)(" k i1! ta\c atple intoration to ulil/cI ill rdCithi'ilel' I' ri,tdiciousl tilililier1 

\which carretlv actliasAVRI)C rpositorics.
 

It \ois Iulich Iiore diflIcult first identif\ scCotid obtain
to iidt Inableithortailottirltllii sClcied

librar\ user,, to corroborate tihe librarianis resplonses. ()ill\,
I few%of' tihe 31 librars users surveyed

resplld\d f, usCll inlfotnaliotn. Thifs is i perennial problel iccllrdinte
ilh o Tlrr litidmciliall (World

Bank) and l'aco lottCtia ( SCAP CGR I Cetntre \lwho are resplltsible for piblicatitM distribulion
 
and havc attllil)tCd sillilir \Crificatiutts
 

Utilize Postal Tariffs Fully 

The 1utili/atil, (fII)sOteC sai\i1- techni tu such as cotllistoliLated itatlings. s\as dkisc ussed i'.i
 
1986 distrNitiott 111rt)4a1l of ()IS. Because 41tile pvaililt iarifl 'Isructiurc. AVRI)
pas ihc 
atniuntt to scnd a sin1gl' the 41)-pace Technical illclin No. 1 .which k\eih10s Ill) ,, llat 

i le 
cop~v 41 I 


102-page 1986 Proi-,ress Report SUlitiiariCs. which \NCiglhls 0 haS itils
24 1, totihe Phililpines
ituplCn lCned ticasulllrcs in 1987 it): \VRI)('s publicatilitis ill reuiaiii wkillil lhit ippe'r !illiI I I LC,112i1 

he taif utiliCd atid eLi'Olt lald i[hsit1 445cM
 
ih flrnier jitaclticC ( 1 e t putblic"tll i iIisI\ hitill\.
 

o ile 2) utilizC li cl illngs ilib1i;ulhI iduce'i)l it' ci'sis 
. itbuting 

Custom designing AVRDC publications. 18I7 pihlicatii I\pestllluit 1tilks, -,uc'h 
as Utsing Il' iiplhtnl t'dutllti i charactr si/C to1c lloiltlibls iticLdutoteC lll'4) lCliiI 1 ItleCu i amid. 
thcrcbh , rCdLCelM Irill rnLIehr1f plgle's scrcseighl. ilettctlcll!cd 1\ ,\VRI)'" s \4511I\ pe',licrS
The slighlt redulction in pilIr \eight IlfO! I)) l001() lb reducCd tW eit,4\lll %\01 Of IIbllications 
sici as the 1980,Pro,trc.s. ReprWiwnnicsu" (240)1,a nlithe s oh,it 1 14/Itt(I/ ,11d Sulli/i1 '4 
Cropping'Sv.l?'m.. r'Cised cdition (96 )) 0 C111it1h (11M tOftoIliritg hetitII fr1it tIL'it0 fhe hiiWher 
tariff calegory to the top of the adtjacent lo\wcr tarifl catCegor\. lhis Im'icti+..'c (btailCd a suhstantial 
savings front 29" to 45", in IOst;IgC charges otridix dtlal 11in11g1,. 
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Consolidated mailings. OIS consolidated its entire autonmatic complimentary distribution 
in 1987 into two mailings ('Table 9). The Centerfint, Vol. 6 is an example of a publication which 
obtained substantial savings froni both consolidated mnailing and publication "tricks". lnstead of 
preparing two 4-page CenitrPOint newsletter issues as proposed in the 1987 publication schedule, one 
8-page issue was prepared, thereby., consolidating mailing costs. However, to keep the weight within 
the mininium 20 u tariff, a substantially lighter magazine paper was utilized. Although this paper 
is more expensive, an overall sa\ings of US$1 200 in postal charges was obtained by bringing the 
\eiglt down to the nunitutmni tarifT. 

Increase Sales 

The desirability of increasing the volume of sales of AVRI)C publications was pointed out in 
the proposal "'Towards a Cost Etffective Publication Policy" by )IS in 1986. However, it is not easy 
io sell AVRI)C publications. Considerable effort was invested by 0IS in 1987 to bring about a more 
conducive sales environment. 

Total sales oi AVRI)C publications in 1987 were US$7.522 (Table I0) well over four times 
the total sales of 1986. 

Table 9. dIS automatic consolidated complimentary publication distribution, 1987. 

Pubicatiron Weight (g) 

July Surface Distribution 

1984 Progress Report 
Insect Pests of Swseet Potato 
TVIS News. Voi. 2, No. 2 
Soybean Rust Newsletter. 

n Java 

Vcl. 8 

1,110 
65 

285 
100 

Rev. Soybean in Trop. & Subtrop. Cropping Systems (rev. ed.) 960 
Library Questionnaire & Publication List 10 
Technical Bulletin No. 16 98 
Packaging 168 

Total 2,770 

December Air Mail Distribution 

Centerpoint, Vol, 6 18 
Publication List I 

Total 19 

Table 10. Sales of AVRDC publications, 1987. 
Source Sales (US$) 

Headquarters 4,476 
-Mungbearn Syrp Display 617 
-Weed Science Society Display 125 

Subtotal 5,218 
Distributors 
-Australia I& Oceania) 36 
-Germany (Europe) 504 
-India 331 
-Indonesia' 
-Japan 330 
-Kenya' 64 
-Malaysia 64 
-Taiwan 194 
-Thailand 64 
-U.S.A. (North America) 717 

Subtotal 2,304 

Grand Total 7,522 
*Just becoming active rlidiril)iinr 
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Distributor network. During the first half of 1987, the distributors who enlisted at the October 
1986 Frankfurt International Book Fair began active distribution of AVRDC publications. By the end 
of 1987, OIS had extended the network to include Australia (Oceania). Indonesia and Kenya. Although 
the volume of sales in India was not great, it should be noted that these US$331 represent the first 
time AVRDC publications have ever been sold in the Subcontinent. 

Sales profile. Of the 13.125 publications distributed in 1987, 1.689 were distributed through
sales. (Of these. 443 were either of the 10th anniversary monograph series, technical bulletin series 
or newsletters which were not even for sale in 1985.) The "AVRDC 10 Best Sellers' are listed in 
Table 1I. Many of these sales resulted from specific sales initiatives undertaken by OIS during the 
course of the year. 

Table 11. AVRDC 10 best sellers, 1987. 

Rank Publication No. of copies sold 
1 
2 

1985 Progress Report Summaries 
Soybean in Tropical & Subtropical Cropping Systems 

170 
61 

3 
4 

(Nevised ed.)
Diamondback Moth Management
Tropical Tomato 

44 
38 

5 Vegetable Technology in Asia 27 
6 Chinese Cabbage 23 
7 
8 
9 

10 

Guicjlines for Diagnostic Work in Plant Virology
1st Mungbean Symposium 
Breeding Field Vegetables 
2nd Mungbean Symposium 

21 
20 
19 
18 

Best Seller No. 1. The 198.5 ProgressReport Summaries became the 'best seller" because 
of a lack of postage funds. This document is the single most useful AV RDC publication to bring scientists 
into contact with the Center's research work. as evidenced by the number of requests for reprints 
of sections of the Progress Report (Table 12) obtained from the postcard in tile Smnmaries. Nost 
of the 260 requests lor journal paper reprints and the 148 requests for international cooperators* guide
sheets originated fr ni the publication list il tihe Summaries. Since theie is a direct correlation between 
reprint requests and breadth of distribution, tle decision was taken to distribute the 1985 Pirogress
Report Summaries to the entire 4,697 mailing list addressees. Unfortunately. the postal funds were 
exhausted after only 3,000 copies were sent. Since none of the 660 U.S.A. addressees had been sent 
the Summaries. 0IS sent postcards to them offering the document at a deeply discounted price. A 
total of' 146 addressees took advantage of this offer and, in effect, paid flr the material publication 
costs and postage costs of the publication. 

Best Seller No. 2. A si/able portion of the sales of So"bhean in T)opical and Shi'rop'ical
Cropping Syvstems (rev. cd.) is duc to the publicity obtained from book reviews. OIS began to 
systematically send book reviews and, on reqtuest. copies of newly-published books to specialized
journals/ newsletters in 1987. Of a total of 95 selected tibllications which vere sent reviews, eight 
publishcd book reviews. 

Best Seller No. 3. At least one-third of the sales of the Diamondback Moth Management 
Workshop Proceedings was the result of one selected book review which OIS was able to place in 
the infetter'newsletter. 

Best Seller No. 10. The Second hiternatioa Manghean Sy'posilum Pr'oceedings will not 
be published until th- end of' 19 88. yet. through a special prepublication offer made to the participants 
at the Symposium, tini work is already on the best seller list. A total of 39. as yet tInpublished, books 
were purchased as a result of this prepublication offer. This technique will be refined and applied 
more frequently in the future. 
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Table 12. Requests for progress roport reprints, 1984-85. 

No. of requestsSection 
1984" 1985*
 

Chinese Cabbage
 
Breeding 24 93
 
Entomology 24 72
 
Pathology 19 71
 
Physiology 21 77
 

Sweet Potato
 
Bre .ding 46 95
 
Entomology 38 78
 
Pathology 30 69
 
Physiology 27 93
 

Tomato 
Breeding 51 150
 
Entomology 41 97
 
Pathology 36 118
 
Physiology 37 126
 

Mungbean
Breeding 48 118
 
Entomology 40 79
 
Pathology 34 81
 
Physiology 31 99
 

Soybean
 
Breeding 57 129
 
Entomology 58 98
 
Pathology 50 101
 

PSP
 
Agricultural Economics 21 61
 
Chemistry 8 40
 
Crop Management 57 168
 
Garr!ir, Fiugram 36 104
 
New Vegetable Crops 39 94
 
Soil Science 29 91
 

Others 24 844 
Total 926 3,246 

* 1.000 copies of 1984 Progress Report Suninaries were sent to mailing list addressees. 
* 3,140 copies of 1985 Progress Report Summarres were sent to mailing list addressees. 



Publications Available 

How to Order 

All of the publications listed below can be ordered from the Office of Information Services (OIS),
AVRDC. 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. All charges should be aid wtn a US dollar check (payable
by a bank in the USA) made out to AVRDC, or with Unesco coupons. 

Select Books Pte, Ltd. 
19 Tanglin Rd. 

S;,gapore 1024 

Republic of Singapore 


Agribookstore 
1611 N. Kent Street. Suite 600 
Arlington, VA 22209 
USA 
(urders for North America) 

World Universities Press 
B-5/132, Safdarjung Enclave 
New Delhi - 110 029, India 

Africa Book Services, Ltd. 
Quran House 
Mfangano Street 
P.O. Box. 45245 
Nairobi, K nya 

HDC Distributors 

Publishers International Corp. 
2nd Floor, Newfield Building 
42-3 Ontsuka 3-chome 
Bunkyo-ku, Tokyo 112 
Japan 

TRIOPS: Tropical Scientific Books 
Toeche-Mittler Distribution 
6100 Darmstadt 
Hindenburg Str., 33 
Fed. Rep. of Germany 
(Orders for Europe) 

LDC Distributors 

Publications Section 
CGPRT Centre 
Jalan Merdeka 145 
Bogor 16111, Indonesia 

University of Malaya Co-Operative 
Bookshop, Ltd. 

P. 0 Box 1127 
Jalan Pantai Baru, 59.700 
Kuala Lunlpor, Malaysia 

National Book Store, Inc. INDEX, Book Promotion & 
Library Services Center Service, Ltd. 
701 Rizal Ave. Ploenchit Road, Pathumwan 
Manila, Philippines Bangkok 10500, Thailand 

Sr 
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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. 
(All issues of Fiogress 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. 
(All issues of Progress Report Summaries cost HDC $7.50: LDC $4.00) 

Symposium Proceedings 

AVRDC. 1977. Vegetable Technology in Asia. Proceedings of the workshop on pre- and post-harvest. 
156 p. (HDC $12.00: LDC $8.00) 

Cowell, Robert (ed.). 1978. Tropical toniato: Proceedings of the first international symposium. 290 p. 
(HDC $18.00: LDC $10.00) 

Talekar, N.S. and T.D. Griggs (eds.). 1981. Chinese cabbage: Proceedings of the first international 
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. (FIDC $25.00: LDC $18.00) 

Talekar, N.S. anj T.D. Griggs (eds.). 1986. Diamondback Moth Management: Proceedings. 483 p. 
(HDC $25.00: LDC $18.00) 

Shanrmugasundaroi. S., P. Lastimosa and N. Llemit (ed;.). 1987. Soybean Varietal Improvement: 
Proceedings of the international workshop. 93 p. (HDC $7.50: LDC $4.00) 

Lastimosa, Pura J. and Norma V. Llemit (eds.). 198 7. Gardening Nutitions Vegetables: Proceedings 
of the Vegetable Improvement Gardening Workshop. 136 1. (HDC $10.00; LDC $6.00). 

Technical Bulletins 

TB 1 Menegay, 
approach. 

M.R. 1975. Tawan's specialized vegetable production 
17 p. (HDC $4.00; LDC $3.00) 

areas: An integrated 

TB 2 Menegay, MR. 1976. Farm management research on cropping systems. 19 p. (HDC $4.00; 
LDC $3.00) 

TB 3 Calkins, P.H. 1976. Four approaches to risk and uncertainty for use in farm management 
extension. 18 p. (HDC $4.00: LDC $3.00) 

TB 4 Calkins, P.H. 1977. Farmers' viewpoint of sweet potato producion in Taiwan. 
$5.00: LDC $3.50) 

44 p. (HDC 

TB 5 Calkins, P.H. 
$3.00) 

19 18. Vegetable consumption in five cities of Taiwan, 24 p. (HDC $4.00; LDC 
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TB 6 	 Huang, S.Y. and P.H. Calkins. 1978. Summer tomato production in Taiwan. 29 p. (HDC $5.00; 
LDC $3.50) 

TB 7 	 Huang, K.R. and P.H. Calkins. 1978. Vegetable production in Taiwan; A survey of 300 farmers. 
36 p. (HDC $5.00: LDC $3.50) 

TB 8 	 Calkins, P.H. 1978. Why farmers plant what they do: A study of vegetable production 
technology in Taiwan. 92 p. (HDC $7.50; LDC $4.00) 

TB 9 Calkins, P.H. and H.M. Wang. 1978. Improving the marketing of perishable commodities: A 
case study of selected vegetables it. Taiwan. 65 p. (HDC $6.00: LDC $3.50) 

TB 10 Calkins, P.H. and S H. Tu. 1978. White potato productioi1 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 crop 
scheduling purposes. 31 p. (HDC $4.00 LDC $3.00) 
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Nutrition/Vegetable Gardens 

Jack Gershon. Ph.D., Nutritionist 
Shoai-tzy Yang, M.S., Principal Research Assistant 

On-Station Testing 

Sen-hsiung Lai, B.S., Associate Development Officer 
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Soil Science 
/ 

Yasuo Ota. Prr.D., Principal Soil Scientistt 
Hideo Imai, Ph.D., Soil Scientistl
 

Chin-hua Ma, 13.S., Assistant Specialist*
 
Ching-liu Wu, B.S., Research Assistant
 

Development Program 

Arnold T. Tschanz, Program Director 

Cooperative Programs 

Thongchai Tonguthaisri, Ph.D., Resident Scientist, Indonesia/AVRDC Bilateral Project, 
Lembang Horticultural Research Institute, Jalan Tangkuban Peruhu 517, Lembang, 
Bandung-West Java, Indonesial 

Jung-Ho Kim, Ph.D., Director, The Korean Sub-Center Affiliated with AVRDC, Horticultural 
Experiment Station, Rural Development Administration. Suweon, Republic of Korea 

El 	 Mostafa SajJauui, Ph.D., Resident Scientist, Malaysia!AVRDC Vegetable Research 
Program, MARDI, Jalan Kebun, Kelang, Selangor, West Malaysia t 

Benjamin P. Legaspi, Affiliate Horticulturist, AVRDC/Philippine Outreach Program, Bureau 
of Plant Industry, Economic Garden, Los Banos, Laguna, Philippines 

Charles Y. Yang, Ph.D., Director and Resideit Scientist, Thailand Outr; ach Program/AVRDC, 

P.O. Box 9-1010, Kasetsart, Bangkok 10903, Thailand 

Training 

Diosdado V. Castro, M.S., Training Specialist 
Y, n-chin 'fang, B.S., Principal Training Assistantl 
S. iing Wang, B.S., 'Senior Training Assistantt
 
Su-jenn Wen, B.S., Training Assistantl
 

Regional Programs 

Charles Y. Yang. Ph.D., Director. Thailand/AVRDC Regional Training Program, P.O. Bux 
9-1010, Kasetsart, Bangkok 10903, Thailand 

Jack Gershor, Ph.D., Chief of Pi, ty, Sahelian/AVRDC Vitamin A Project, B.P. 12820, Niamey, 
Niger 
John Qu,/en H. Nguyen, Ph.D.. Horticulturist (May-Sept. 1987)
Anne Daniel Turner. M.S.. 1qesident Scientist" 

Research Support Services 

Chemistry 

Samson C.S. I sou, Ph, D, Riochemist 
Kuar,,-kung Kan, M.& , ,',- tant Specialist 
Shu-jen Wang, MS., Principai Research Assistantl 
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Computer and Statistical Services 

Hsien-yang Tien, B.S., Principal Computer Assis,.-it
 
Yuh-ling Chen, B.S., Computer Assistant
 
Ke-lung Shih, B.S., Statistical Assistant*
 

Experimental Farm 

Teng-!. eng Tu, B.S., Farm Superintendent 

Genetic Resources and Seed Unit (GRSU) 

Chong-seng Tay, Ph.D., Associate Seed Technologist (on leave Oct. '86-July '87) 
George C.J. Fernandez, Ph.D., Acting Head, GRSU, (Oct. '86-July '87)
 

Jin-huei Lu, M.S., Principal Research Assistant*
 
Yung-kuang Huang, B.S., Research Assistant*
 
Chew-ann Chen, B.S., Research Assistant 
Hoei-lung Chiou, B.S., Research Assistantt 

Information Services 

Bruce T. McLean, B.A., Associate Information Specialist 
Norma V. Llemit, M.A., Assistant Information Specialistt 
John W. Soderlund, B.S., Editorial Assistantt 

Library 

Teng-hui Hwang, B.A., Senior Librarian 
Pei-ling Hwang, M.S., Documentalist 
Ying-jen Wong, M.S., Documentalistt 

t Arrived during 1987. 
* Left during 1987. 
* Advanced study leave. 
* Reinstated after advanced study leave. 
** Promoted in 1987. 
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" Asin Vegetable Research and Development Center (AVRDC) 
" Centro Internacional de Agricultura Tropical (iAT) 
* Centro Internacional de la Papa (CIP)
 
" Centro Internacional cde Mejoratiento 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 the Semi-Arid Trupics (ICRISAT)
 
" International Fertilizer Development Center (IFDC) 
" International Food Policy Research Institute (IFPRI) 
" International Institute of Tropical Agriculture (IITA)
" International Irrigation Mariagement I 1,AttC (IIMI)
" International Laboratory for Research on Animal Diseases (ILRAD) 
" International Livestock Ceritre 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) 



Finances 

AVRDC's projected budget for 1987 was US$5,400,000 compared with an actual
 
income of US$6,466,535 and expenditures of US$5,944,984. In 1987 AVRDC received
 
support from the following governments:
 

" the Republic of China
 
" the United States of America
 
" Japan
 
" the Kingdom of Thailand
 
" the Republic of Korea
 
" the Federal Republic of Germany
 
" the Republic of the Philippines
 
" The French Republic
 

Grants and other forms of assistance were also received from: tie Asian Development
 
Bank (ADB), the Swiss Development Corporation, the International Development Research
 
Cenire (IDRC), the Agency for International Development (AID), the International Board for
 
Plant Genetic Resources (IBPGR), the Council of Agriculture (ROC), the Sasakawa Peace
 
Foundation, the Technical Center for Agricultural and Rural Cooperation (CTA), the Australian
 
Centre for International Agriculture Research (ACIAR), the United Nations ESCAP CGPRT
 
Centre, the German Ministry for Economic Cooperation (BMZ), and the General Administration
 
fcr Development Cooperation (Belgium). 
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