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Preface

This publication provides detailed reports on the rescarch conducted at the Asian
Vegetable Rescarch and Development Center (AVRDC) during the 1984 calendar year. Because
of the expense involved inits production, it will be distributed free of charge only to libraries,
Personal copies can be purchased for US $10.00 (please see **Publications Available™ for
instructions.) Readers who need only general information about AVRDC research are invited
to request a complimentary copy of the Center’s 1984 Progress Repoirt Summaries.

All requests should be sent to the AVRDC Office of Information Services, P.O. Box
42, Shanhua, Tainan 74199, Taiwan,
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Chinese Cabbage Breeding

Screening New Germplasm for Heat Tolerance

Introduction

All newly acquired germplasm routinely passes through the evaluation process for heat
tolerance and other important traits. In the 1983 summer season, a number of such accessions
were evaluated and some were rated as tentatively heat tolerant because the time of evaluation
was already close to the cool season. These accessions, along with others that had not been
tested, were planted in the 1984 summer season for confirmation of their heat tolerance.

Materials and Methods

A total of 15 accessions were sown on June 6 and transplanted on June 27 to assess
for heat tolerance. The design was randomized complete block with two replications. Individual
plots consisted of two rows, each 4 m long and spaced 50 ¢cm apart within the double-row
bed. Spacing between plants within the row was 40 ecm apart. Heat tolerance was judged from
the percentage of the plants torming dense heads within an entry. Data on yicld and other
he -icultural characiers were gathered Ieter to compare them with the standard check, ASVEG 1.

Results

Of 15 entries tested, three were rated heat tolerant. These accessions and their horticul-
tural characters are listed in Table 1. The results were not statistically treated because many
accessions did not torm heads and cannot be treated as missing plots. The new heat-tolerant
accessions were comparable to ASVEG 1 in terms of heading rate (100%), but harvest rates
varied because some accessions, especially B8§12, proved to be susceptible to soft rot. ASVEG
I owas still the carliest maturing and had the least soft rot infection among entries.

Table 1. Comparison of yield and other horticultural characters between
the new heat-tolerant accessions and the standard check, ASVEG 1 (AVRDC 1584).

Acc No./Cultivar Marketable Days to Head Heading Harvest Soft

' Yield (t/ha) Matunty Weight (g) Rate (%) Rate (%4) Rot (%)
B808 16 50 525 100 91 8
B812 10 44 414 100 69 30
Summer Sun 17 44 502 160 100 1
ASVEG 1 (Check) 14 41 422 100 100 2

Conclusion

Three new accessions were found to be heat tolerant. At least one of these, cv. Summer
Sun, yielded well and had 100% hcading and harvest rates. The new accessions tended to
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be later maturing and seemed more prone to soft rot attack than ASVEG 1. The use of these
accessions in the breeding program depends upon whether they possess other important
characteristics apart from heat tolerance. These will await further studics.

Combining Ability Trials
Iintroduction

The search for better tropical hybrid sombinations continued in 1984. Basically, our
standard for comparison on yield and other characters has been ASVEG 1. In the last two
years, no combination superior to ASVEG 1 in overall performance has béen found. Selection
of new combinations has been limited mainly to other aspects of cultivar acceptability, such
as smooth feal surface texture, absence of hair, relative resistance to tipburn where this was
possible, and reduced midrib cracking.

Materials and Methods

A total of 47 new hybrid combinations was made in the 1983-84 winter season for testing
on ‘“‘nicking ability” in the 1984 summer. These new hybrids were sown on August 9 and
seedlings were transplanted on August 29. The design was randomized complete block with
two replications. Each plot consisted of two 4-m-long rows in a double-row bed, with rows
spaced SO em apart and plants within the row, 40 ¢m apart. The test included ASVEG 1
as the standard check. We also included in this trial an older form of ASVEG 1 for further
comparisons. Yield and other horticultural characters were measured.

A large set of crosses beiween a few lines derived from the TuMV backeross program
(resistance to strain C1) and tropical inbred lines were also tested. Batch | consisted of 65
crosses compared against ASVEG 1. This batch was sown on May 23 and transplanted on
June 13. Batch 11 was made up of 53 crosses tested also against ASVEG 1. This set was sown
on June 18 and transplanted on July 9. Design in both experiments was randomized complete
block with two replications. Individua! plots consisted of two 4-m-long rows in 2 double-row
bed, with rows within beds spaced 50 ¢cm apart and plants within the row, 40 ¢cm apart. Yield
and other horticultural characters were meastred.

The most outstanding combinations were immediately selected from the above trials for
further tests. As a result, two additional plantings were carried out. The first set (Batch 111)
consisted of 22 entries (or combinations) tested against ASVEG 1. The second set (Batch 1V)
consisted ol 24 ntries compared also with ASVEG 1. Both trials were sown on August 31
and transplanted on September 20. The design in both trials was randomized complete block
with two replications. Plot size and spacing were similar to the earlier experiments from which
the entries were derived. Yield and other horticultural characters were measured and compared
with the check.

Results

No combination among the first set of 47 crosses clearly outperformed ASVEG 1. Some
combinations that were comparable to ASVEG 1 in yield and other horticultural characters
were selected, however, for their better overall general appearance. These entries are listed
in Table 2 with their yicld and other traits compared with ASVEG 1. The older form of ASVEG
1 did not prove to be superior te the present form of the hybrid.

Five combinations significantly outyielded and produced heavier heads than ASVEG |
in the Batch I trial (Table 3). With the exeeption of # 52, most matured later than ASVEG
I. Compaciness (solidity) of the heads of all new combinations was comparable to ASVEG
1. All listed entries had no soft rot infection.
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In the Batch I test, none significantly outyielded ASVEG 1 (Table 4). Most entries,
except # 42, matured as early as ASVEG 1. Generally, maturity of most entries was ear:ier
than in Batch I. The best entries had minimal soft rot infection (range=0 to 3%).

In the Batch 1T trial, five entries were clearly superior to ASVEG | in yielding ability
and average head weight (Table 5). One combination, # 13, was a'so superior to ASVEG
1in the carlier trial. It is significantly later maturing than the latter, however. Yields among
the best entries ranged from 24 to 26 t/ha. Again, there were no appreciable differences
between entris in head compactness, as well as heading and harvest rates. All listed entries,
including ASVEG 1, showed no soft rot infection in this test.

Two combinations gave significantly higher vield and heavier head than ASVEG 1 in
the Batch IV trial (Table 6). One of these, # 21, had the highest yield of 30 t/ha in this
trial and was also superior to ASYEG | in an earlier trial. Anothor entry, # 19, was also
better thar ASVEG 1 in an carlier trial although its yield of 24 t/ha in this test did not
substantially differ from that of ASVEG 1 (18 t/ha). The maturity of the best Batch (V entries
was not markedly aifferent from that of ASVEG 1 as were their heading rates, harvest rates,
and hecad solidity. All listed entries also showed no soft rot infection.

Table 2. Yield and other horticultural characters of the best entries as compared
with ASVEG 1 in the combining ability trial.

Cross No Yield Days to Head Harvest Heading Soft Rot
' (t/ha) Maturity Weight (g) Rate (%) Rate (%) (%)
11 19 37 580 97 100 10
12 19 40 556 100 100 3
ASVEG 1 15 39 451 100 100 5
CV? (%) 15 5 13 12 7 49 °*

ZCV = Coetlicient of viaration

Table 3. Yield and other horticultural characters of the best combinations in the combining
ability trial (Batch 1) of crosses between lines from the TuMV backcross program
and the tropical inbreds.

Entry No Yield Days to Head Solidity Harvest Heading Soft Rot
' (t/ha) Maturity Weight (g) {(g/cc) Rate | %) Rate (%) (%)
57 29 a 41 a 834 bc .55 100 100 0
54 29 a 41 a 867 ab .61 100 100 0
19 27 ab 41 a 806 b-d .59 100 100 0
52 26 a-c 36 b 777 b-f .52 100 100 0
49 25 a-d 41 a 759 b-h .52 100 100 0
ASVEG 1 20 f- 36 b 589 i .55 100 100 0
CV(%) 10 5 10 13 8 2 +2

ICV of more then 100%.

Table 4. Yield and other horticultural characters of the best comnbinations in the comibining
ability trial (Batch ll) of crosses between lines from the TuMV backcross program
and the tropical inbreds

Entry No Yield Days to Head Solidity Harvest Heading Soft Rot

' (t/ha) Maturity Weich: (g) (g/cc) Rate (%) Rate (%) (%0)

42 26 37 774 .49 b 100 100 0

9 26 30 765 .50 a 100 100 3

21 25 34 750 .51 a 100 100 3
52 25 34 750 523 100 100 3

4 25 30 746 .53 a 100 100 3
ASVEG 1 24 30 730 .53 a 100 100 0
CV(%) 12 5 10 9 9 3 +
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Table 5. Yield and other horticultural characters of the best combinations in the combining
ability trial (Batch Ill) of crosses between lings from the TuMV backcross program
and the tropical inbreds.

Entry No. Yield Davs to Head Solidity Harvr st Heading Soft Rot
(t/ha) Maturity Weight (g) {glce) Rate (%) Rate (%) (%)
17 27 42 b-d 795 a .63 100 100 0
13 25 45 &b 781 ab 50 97 100 0
18 24 40 cd 730 a-c .64 100 100 0
8 24 39 cd 720 a-c .56 100 160 0
10 24 37d 719 a-c .57 100 100 0
ASVEG 1 16 3¢ cd 491 de .64 100 100 0
CV{%) 14 6 13 12 5 n +

Tabie 6. Yield and other horticultural characters of the best combinations in the combining
ability trial (Batch IV) of crosses betwsen lines from the TuMV backcross program and
the tropical inbreds.

Entry No Yield Days to Head Solidity Harvest Heading Soft Rot
(t/ha) Matunty Weight (g) {y/ce) Nate (%o} Rate (%) (%)
21 30 a 45 a-c €03 b .50 100 100 0
14 26 ab 47 ab 791 be 62 100 100 0
19 24 bc 45 a-c 728 cd .59 100 100 0
23 23 b-d 45 a-c 696 c-e 53 100 100 0
15 23 b-d 47 ab 690 c- .62 100 100 0
« ASVEG 1 18 ¢+ 43 a-c 537 f-i 62 100 100 0
CV(%) 14 6 11 13 3 2 +
Conclusion

A total of 165 new combinations were tested against the standard check, ASVEG 1,
in five different sets of combining ability trials in 1984, None of the new hybrids in the first
set was clearly superior 10 ASVEG 1. However, some were selected for further tests based
on their betier overall appearance. A number of superior hybrids of lines derived from the
TuMV backcross program and crossed with the older tropical inbreds proved markedly better
than ASVEG T in a series of related tests. The best new combinations will be retested in the
1985 summer season. ’

Stability of Entries in the Advanced Yield Trials
Introduction

Over the years, the tropical Chinese cabbage program has performed a selection process
to scarch for genotypes with stable performance over a reasonable range of environmental
vicissitudes even before the new genotypes are entered in the regional testing network within
Taiwan. Through a series of plantings from the beginning to the end of summer, it is possible
to establish varying environmental indices; the performance of entries in these trials may be
analyzed for stability of vield and other importans characters. Only the relatively stable entries
are then recommended for inclasion in the regional trials.

In the tropical Chinese cabbage proerain, the ideal stable genotype is normally defined
as “‘one which yields better than the average throughout the summer, has 100% heading rate
implying complete heat tolerance, and has 1009 harvest rate which indicates that soft rot
infection and othier damaging tactors associared with the adverse environment do not have
any significant influence on that genotype”
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Materials and Methods

A total of eight plantings of entries in the advanced yield trial was made in the 1984
summer. Sowing and transplanting dates are given below:

Trial Number Sowing Date Transplanting Date
| 5/11 6/2
1l 5/25 6/15
i 6/8 6/28
v 6/22 7112
\ 7110 7131
Vi 7125 8/18
Vil 8/9 8/29
Vil 8124 914

The design in all plantings was randomized complete block with four replications.
Individual plots consisted of four rows in two double-row raised beds. Each row was 4 m
long and spaced 50 cm apart within the bed. Plants within the row were 40 ¢m from each
other. Yield and other horticultural characters were measured in the trials.

After the standard analysis of variance of each trial, a further analysis of stability using
the method proposed by Eberhart and Russell* was carried out for yield, head weight, maturity,
heading rate, and harvest rate. The standard statistical measures of stability for these traits
were given in the 1983 report. For other traits, stability analyses were not carried out, but
comparisons across plantings were made among sclected entrics to see certain trends.

Results

Table 7 shows the means and stability parameters (regression coefficient and standard
deviation from regression) fer marketable vield, head weight, and maturity. Three entries
ndicated unstable performance across the range of summer environments: WWCC (one of
the checks), 82-50, and 82-50R. In several cases, these entries had regression coefficients
significantly different from unity (b= 1) and/or significant deviations from their respective
regression lines. In contrast, six entries were stable as indicated by their regression coefficients
that were statistically equal to 1 and deviations of their means from corresponding regression
lines that were insignificant.

Table 7. Means and stability parameters for selected characters of entries in the
advanced yield trials (AVRDC 1984)."

£ YieldY Head WeightY MaturityY

ey mean b S'd mean b S°d mean S%d
82-46 18.1 1.3 8.3 624 1.2 3095 40 1.6
82-46R 19.0 1.4 29 655 0.9 2230 4C 2.0
82-50 19.3 1.8%* 2.6 678 1.5 1946 4 0.6
82-50R 199 1.6+ 0.7 691 1.3+ 643 40 2.4
82-82 19.3 0.8 2.1 640 1.0 3338 39 2.8
82-156 17.8 0.8 4.7 550 0.9 1622 40 1.2
82-157 17.4 0.8 4.5 532 0.8 1716 40 2.5
ASVEG 1(ck) 18.0 0.9 3.7 567 0.8 1094 38 1.4
WWCC (ck) 159 G1*~ 154+« 718 0.7 8448+ 47 4.8
Grand 17.6 - - 616 - -~ 40 - -
mean

b= regression conthcien <“d - deviation from regression YTest for significance of reqression

coeflicient (b) o aganst 10 b 1 % = significant at 12 = 050 » # = significant at P = .01,

* A Eberhart, SAAL and WAL Russell. 1966, Stability parameters for comparing varieties, Crop Science 6:36-40,
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When viewed from the standpoint of heading and harvest rates, the number of stable
entries was reduced to only one (82-156). For all practical purposes, however, threce other
entries such as 82-82, 82-157, and ASVEG 1 may be considered relatively stable, as they showed
instability for only a single trait and; in all cases, the deviations from the desired parameter
values were significant only at P=0.05 (Tablc 8). Invariably, all unstable entries, including
the check WWCC, had regression coefficients for harvest rates that were much higher than
the desired level (b= 0). Thi. indicates that the proportion of harvests on these hybrids varied
greatly, tending to be low under the most adverse environment but better than the average
as the environment improved. Since all unstable entries, except WWCC and 82-50R, had stable
heading rates, the instability of their harvest rates must have been brought about by varying
soft rot infection levels in the different trials. Evidence in this regard is given for WWCC
in Table 9.

Figs. 1, 2, and 3 depict the regression lines of some of the entries for yield, heading,
and harvest rates, respectively, for comparative purposes. As may be noted in Fig. 1, 82-156
had a regression line near the average with points fairly close to it. Under the poorer
environment, this hybrid tended to yield slightly better than most other entries but in beiter
environments performed less than the average. in contrast, 82-50R gave a steep ragression
line, indicating that in poor environment it performed very poorly but improved over the
average when the environment was most suitable. The spread of its points from the theoretical
regression line was also cvident.

Table 8. Means and stability pararneters for selected characters of entries
in the advanced yield trials (AVRDC 1984).”

Heading Rate Harvest RateY
Entry e e e S
’ mean b Sd mean b S2d
82-46 89 0.6 25 72 1.2 31
82-46R 90 0.2 0.5 74 1.2* 19
82-50 87 0.5 1.2 71 1.2%» 17
82-50R 85 20~ 1.0 72 1.4%+ 28
82-82 88 0.7 8.8 76 08" 35
82-156 90 06 1.5 84 0.2 13
82-157 89 -05" 06 85 0.1 7
ASVEG 1(ck) 90 0.2 0.5 81 0.6* 27
WWCC (ck) 63 54+ 33.0" 58 1.6%* 49
Grand 86 73
mean
b =regression coethcient. $2d = deviation from regression YPercentages are
transformed to arcain " and test for significance of regression coefficient (b) is
against HO b 0. » osigmbcant at P = 05 » * = significant at P = 01

Table 9. Comparative soft rot infection levels (%) among stable hybrids
and check cultivars.*

) Trial Set 82-156 82-157 ASVEG 1 (ck) WWCC (ck) CV(%)
| 4d 2e 3d 20 a 23
Il 1e 2e 8d 28 a 30
Hi 1e Je 4e 15 a 25
[\ 4 d 3d 9b 11b 29
Vv 3 2 2 9 49
Vi 2 0 2 2 21
Vil 5e 4e 12 ¢ 14 ¢ 21
VIl Oc 1c¢ 1c¢ 6 a 116
Grand mean 3 2 5 13

IMultipte range test companson of means is across columns (within trial).
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WWCC gave a relatively flat regression line, implying that regardless of the environment
it performed similarly. However, the deviation of its points from the line was highly significant
making it rather unstable. Morcover, the line was not well above the average regression, which
means that under the more favorable environments, this variety would be greatly’ outyielded
by other entries.

FFor heading rate, the ideal entry is one with a relatively flat regression line at or close
to 100% (or value of arcsin % =90). This trend was evident on 82-156 and ASVEG |
(Fig. 2). In contrast, moderately heat tolerant WWCC had a regression coefficient well over
the ideal zero with most of the points spread away from that line. In the casc of harvest
rate (Fig. 3), 82-156 also gave the flattest line close to the ideal level (arcsin /% =90),
indicating that throughout the summer its harvest proportions were consistently high. ASVEG
1 also appears tairly stable in this regard. On the other hand, WWCC had a regression
coefficient that was highly significant from the ideal zero value,

Tables 9, 10, 11, and 12 turther compared the stable entries against the most unstable
WWCC for soft rot infection, soiidity of head, heading efficieacy, and vigor (expressed as
weight of nonwrapper leaves), respectively. Clearly, the stable entries 82-156 and 82-157 along
with ASVEG 1 hid consistently lower soft rot infection levels than WWCC. The latter had
variable infection vates, tending to be high especially during the carly summer and lower in
later plantings, except in Trial VII when all entries had higher gamage. Solidity of heads was
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nearly similar for the stable entries as compared to ASVEG 1, and all three tended to be
better than WWCC especially in Trials 111 and 1V,

In terms of heading efficiency, ASVEG 1 had the best values while WWCC had the
lowest, implying that the latter tended 1o produce heavier non-wrapper leaves relative to its
heads. In almost all cases, the differences among the entries were significant except in Trial
II. The foregoing results are further supported by the data on vegetative vigor. WWCC had
the heaviest nonwrapper leaves throughout the trials. In contrast, the heat-tolerant stable
entries and ASVEG 1 generally produced only a little more than half as much vegetative growth.,
This is true for nearly all trials except Trial 1V.

Conclusion

A series of advanced vyield tests in summer 1984 enabled the identification of three new
hybrids with stable performances throughout the range of summer environments. ASVEG l,

Table 10. Comparative solidity (g/cc) of the stable hybrids
and the check cultivars.

Trial Set 82-156 82-157 ASVEG 1 (ck) WWCC (ck) CV(%)
| .50 .54 61 42 15
] .45 .54 .50 .40 16
1 45 a 48 a 47 a .36 d 10
v .55 a .52 a .58 a 41 b 11
\ .56 66 .56 47 13
vi 48 Db .56 b 68 a 47 b 2
VI .49 51 51 41 11
vili .50 .46 .53 .58 14

Grand mean .50 .53 .55 .44

Table 11. Comparative heading efficiency of the stable hybrids
and the check cultivars.

Tria!l Set 82-156 82-157 ASVEG 1 (ck) WWCC (ck) CV(%)
| .94 ef 82 ig 1.04 e 78 g 10
1] 75 .78 72 .65 13
I .58 ¢ .70 b .70 b .64 bc 8
[\ 1.12b 1.21 b 1.53 a 97 b 11
\ 95 ab .81 be .85 2b 67 ¢ 13
Vi .84 de .84 de 1.03 be 75e 10
Vit .80 d 87 d 99 ¢ 62 e 9
Vil 85¢ 85¢c 92c .66 e 5

Grand mean .85 .86 97 .64

Table 12. Cemparative vigor (nonwrapper leaf wu Jht) of stable hybrids
and the check cultivars.

Trial Set 82-156 82-157 ASVEG 1 (ck) WWCC (ck) CV(%)
| 700 ¢ 759 ¢ 741 ¢ 1274 a 9
] 661 b 601 b 695 b 1050 a 1
1] 791 b 680 ¢ 727 be 1174 a 10
I\ 637 ab 563 bc 442 de 724 a 12
v 734 b 724 b 662 b 1054 a 11
\ 578 ¢ 595 ¢ 530 ¢ 931 2 9
vil 643 b £02¢ 536 ¢ 1048 a 9
Vit 504 f 482 { 511 ¢ 909 a 6

Grand mean 656 625 606 1021
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the standard heat-tolerant check, was also fairly stable; WWCC, the other check, proved to
be the most unstable. The average vields of these new hybrids, 82-156 and 82-157, were only
slightly better than the average, however. Their main advantage over ASVEG 1 is in overall
appearance, as they have smoother leat texture, are hairless, and more erect.

Under severe heat and moisture stress of summer, they maintained more turgidity than
most other entries, including ASVEG 1. Since these new hybrids tended to have thrifty growth
like ASVEG 1, it could be worthwhile (o explore population density as 4 means to maximize
per unit area yield. The stable entries will be entered in the 1985 regional trial for further
comparisons with local commercial hybrids.

Further Improvement of ASVEG 1

introduction

In the course of further testing of ASVEG | during the past two years, it has been
recognized that smooth leaf character is a desirable trait for the hybrid to possess. The original
ASVEG I possessed this trait 1o some extent, but a slight change took place during its previous
seed production cycles. ASVEG 1 now appears to be more dark green with finely puckered
leaves, but seems more tolerant to stress and diseases, sspecially soft rot,

In addition, we have been able 10 isolate strongly self-incompatible types from its male
parent instead of only trom the female side. This will make seed production more economical,
as seed blending may now be feasible (see next section on this aspecet). Nonetheless, constimer
preference is apparently for smoother leaves during the summer; and thus, we decided to
recapture the smooth-leal” torm of the hybrid. Female sibs from oid seed lots of ASVEG |
were recovered and crossed with difterent male parent plants.

Materials and Methods

A total of 50 crosses or entries were compared to the original and newer version of
tae hybrid for o number of horticultural characters. Entries were sown on June 26 and
transplanted on July 17, Another batch was sown in the middle of the summer on July 25
and rransplanted on Augast 200 At abow heading time, when the morphological dissimilarities
between the two forms usually become apparent, cach cross wus observed for their resemblance
to cither of the two hybrid forms. Yield and other horticultural characters were measured later.

Results

Albthe new crosses designed 1o search tor less erinkled form of ASVEG 1 did not differ
morphologically from the later. In rerms of vield and other measurable characteristics, there
were no significant differences between the new crosses and ASVEG 1 in the first trial, except
i overall vegetative growth and level of soft rot infection (Table 13). No turther measurement
of vield and other characters was done in the second trial when it became apparent that the
entries were not different morphologically from ASVEG 1. Since growth did not seem to affect
yield itself, no further selection for a replacement to ASVEG 1 was made. Soft rot infection
fevel, anotaer character that showed considerable variation among entries despite the high
coeflicient of variation (569%), wos not considered cither, since the rate of the feast infected
cross did not significantly differ from vt ol ASVEG 1.

Conclusion
Further intercrosses of ~ibs within ASVEG 1 did not alier the general morphology of

the hybrid. The slight changes observed among the intercrosses did not warrant replacing the
present form of ASVEG 1. Although the present form has the disadvantage of having relatively
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puckered lecaves, the possibility of economically producing its seeds and the stability of its
performance throughout the summer more than make up for this limitation. These aspects
are discussed in their respective sections in this report.

Table 13. Summary of the analyses of variance for various characters of crosses designed
to improve ASVEG 1 (AVRDC 1984).

Criteria Yield Days to Head Growth  HER? Heading Harvest Soft
(Vha)  Maturity Wt (g) (9) Rate (%) Rate (%) Rot (%)

Significance ns ns ns I ns ns ns Y

CV(%) 21 4 15 11 14 6 13 50
Heading efficiency ratio Panes with least solt ro* infection did not differ significantly from that of

ASVEG 1 (7%).

Feasibility of Seed Blending for ASVEG 1

Introduction

One economical way of producing hybrid seeds is to harvest them from both parents
and blend them for commercial distribution. In the past, we harvested ASVEG 1 seeds only
from the female line which possessed a strong self-incompatible allele. In contrast, incompat-
ibility on the male line has been practically absent until two years ago when we succeeded
in isolating relatively strong allele from its sibs.

Results from our studies since then indicated that differences, if any, were negligible
between FI oprogenies derived from male and female line (see previous reports). This year
we extended this investigation to make an unequivocal conclusion on whedher seed blending
is possible in the seed-multiplication of ASVEG 1.

Materials and Methods

Three kinds of seeds were used in this experiment, as follows: direct cross seeds, or
seeds harvested from the regular female parent, E7; reciprocal seeds, or seeds harvested from
the regular male parent, B18; and blended seeds constituted from a 1:) mixture of direct and
reciprocal seeds.

Al seed types were sown on July 25 and seedlings were transplanted on August 20.
The experimental design was randomized complete block with four replications. Individual
plots consisted of two rows, cach 4 :n Jong and spaced 50 ¢m apart within the double-row
raised bed. Plants within the row were spaced 40 cnt apart,

Prior to transplanting, seedlings of cach type were observed for frequency of sibs or
selfs. Suspected sibs were also transplanted to the field for further observation and final
verification.

Yield and other horticaltural characters of entries were measured for comparison.

Results

Comparison ol means for various traits showed no significant differences among the
three seed types(Table 1. Although the reciprocal cross showed a 1% sibbing rate, this was
negligible in practical erms. The strong self-incompatibility of the female inbred, E7, was
apparent again trom the zero sibbing rate in the direct cross seeds,thus, confirming previous
observations, The self-incompaubility of the male line, BIS, appeared to be adequate.

Conciusion

Results indicate that seed blending is a real possibility on ASVEG 1. The blended seeds
did not differ trom either the direct and recinrocal cross in all measured traits. The possibility
of seed biending opens up an avenue for a more economical seed production of this hybrid.
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Table 14. Yield and other horticultural characters of ASVEG 1 derived from direct
and reciprocal crosses and from a 1:1 seed blend of both crosses (AVRDC 1984).

Type of Sibbing Yield DM? Head Crowth  HER* HR* HDR* Soft
Seed Rate (%)  (t/ha) Weight (g) ) (%) (%) (%)  Rot (%)
Direct 0 14.6 35 468 938 1.0 98 100 3
Reciprocal 1.2 14.7 35 455 919 1.0 99 100 1
Blended 0 14.4 35 454 946 0.9 97 100 3

‘DM = days 1o matutity from transplanting YHER = heading efliciency ratio *HR = harvest rate.
*HDR = heading rate

Hakuran Backcross Program
Introduction

The attempt to trans‘er the resistance to downy mildew (DM) and soft rot of Hakuran
to tropical Chinese cabbage continued in 1984, New backeross families derived from sclfing
or repeated backerosses of 1983 selections to the recurrent tropical stock were developed in
the 1983-84 winter season. Materials from these crosses were the subject of further selections
this year.

Materials and Methods

Twenty-six families belonging to generations BC2E3 (o BC4F1 were sown on September
I8 and transplanted (o the DM nursery on October 12. Population sizes per family varied
but were generally 150 plants or more. Plots consisted of double-row beds, with rows spaced
50 cmapart and plants within rows, 40 cn; apart. Every four rows of the segregating families
were followed by a row of the spreader cultivar, Ping-luh, a highly susceptible DM check.
The entire eaperimental area was also enclosed with two external rows of this inoculum source.

The recurrent parent, 3129, and the resistant donor, Hakuran (13639), were included
for comparison. Selection for the most resistant segregants from the best families was made
on November 27. Originally, the screening for DM resistance was to be combined with tests
and sclection for soft rot resistance. However, the cool temperatures during the head-initiation
stage were not ideal for soft rot resistance screening. This phase was,therefore, climinated
in this planting.

Results

Three different backceross generations vielded useful selections as far as DM resistance
is concerned (Table 15). Many families were either completely susceptiple or not resistant
cnough to warrant further selection. Selection rate was about 3 to 4%, In general, the family
means for DM infection rating or infection pereentage were no longer comparable to those
of the Hakuran parent, except possibly to the family originating from the BC2F3 generation,

Table 15. Selection for downy mildew resistance among various families
in the Hakuran backcross program-?

) Selecticn Infection
Family Gene Total S - -
ro. % ratirig 0g

(B639/B129)//-1/-6/RP BC4F1 161 7 4 2.8 12.9

" 11-1-2IRP BC3F1 152 4 3 3.1 14.5

11-10-3{X; BC2F3 176 6 3 1.6 3.6

B129(RP) - 43 - - 2.1 7.9

B639(SR/DMR donor) - 43 - - 0.6 0.8

B14(DMS check/source) - 658 -~ -~ 3.1 14.5

Family means taken liom rangom sampie of 20 ptants per family.
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The refatively low downy mildew rating for the recurrent parent (B129), a highly
susceptible cultivar, was more dne to environmental rather than generic factors, as the
inocuium spread in the nursery was not too uniform at the outset when the ratings were made
by pathologists. At selection time, however, the entire plot was nearly wiped out by downv
mildew and only the truly resistant ones remained green.

From the 1984 duta, it scems that the levels of downy mildew resistance in the more
advanced backeross families were lower than in the carlier generations, such as BC2, although
it was still possible to select plants with usable resistance levels, Nevertheless, the resistance
in these selections was no loiger comparable 1o the strong resistance of Hakuran.

A further comparison of families from different backeross generations is given in Table
16. 1t should be noted, however, that filial gencration in cach backeross generation varies.
The average downy mildew infection rating and mfection percentage of several families in
the BC2EF3 generation were much lower than those of the BC3 and BCY families. The above
evidence is very preliminary and does not uncquivocally indicate that the downy mildew
resisiance genes in Hakuran reside in the oleracea rather than desirably in the campestris
genome; 1 so, resistance will be continually lost as the plants eliminate the extra olervecea
chromosomes with repeated backerosses. This possibifity exists, however, and would be
paramount in further consideration of Hakuran as a aseful genetic rasource tor downy mildew
resistance breeding.

Table 16. Comparative downy-mildew infection levels among
backcross generations in the Hakuran backcross program’

: Number of Infection
Generation . e
Families Rahng 90
BC2F3 7 1.9 6
BC3F1 6 3.0 13
BC3F2 5 2.7 1"
BC4i1 7 2.8 13

‘Ganeration means represented by 20 1andom plant samples per family.
Conclusion

We continued to backceross, test, and seleet derivatives from the Hakuran backcross
program to improve the downy mildew and soft rot resistance of tropical Chinese cahbage.
Preliminary evidence from a comparison of different BC families indicated that more advanced
generations tended to have lower levels of DM resistance. This subject needs to be further
investigated before Hakuran can be disregacdzd as a genetic resource in the improvement of
tropical Chinese cabbage.

Heat Tolerance of
Tropical Inbreds x Hakuran Backcross Derivatives

Introduction

In evaluating the Hakuran backeross derivatives in 1983, some lines in the advanced
generations were observed to exhibit sufficient uniformity for heading and a close resemblance
to the Chinese cabbage recurrent parent. Two of the selected lines were, therefore, mated
with some of the tropical inbreds to initially observe their combining ability.

Materials and Methods

Thirty-three combinstions were evaluated against ASVEG 1 in summer 1984, The
recurrent parent stock, B129, and the donor parent, Hakuran, were included mainly for
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comparison of overall morphology with the hvbrids. Entries vere sown on July 10 and seedlings
were transplanted on July 31 in a randomized complete block experiment with two replications.
Individual plots consisted of two rows, 4 m long, in a double-row bed. Rows within the bed
were spaced 50 cm apart and plants within the row, 40 cm apart. Yield and other horticultu.al
characters were measured from entries which headed.

Results

The best performing combination yielded 21 t/ha in 45 days after transplanting, had
100% heading and harvest rates, averaged 633 g/head with solidity equal to, if not better
than, ASVEG I, and showed ne soft rot infection (Table 17). Its differences with ASVEG
Iowere stavistically insianificant, exeept in maturity where the latter proved to be earlier. In
comparison with the recurrent parent, B129, the best combinations vielded better, matured
carlier, produced significantly heavier heads, and had higher heading und harvest rates. Under
the natural soft ror epiphytotics in the field, however, they showed no advantage over B129
which did not show anv infection,

Table 17. Yield and other horticultural characters of the best entries from crosses between
lines derived from the Hakuran BC program and the tropical inbreds.

Cross No Yield Db Head Soldity HRY HDR* Soft Rot
{t/ha) ! Weignt () (a/cc) (20) (%) (%)
10 21 ¢ 45 ¢-f 635 ab 64 100 a 100 a 0
7 20 ab 46 c-e 686 a .58 94 ab 100 a 5
31 19 ab 46 c-e 578 hc .60 100 a 100 a 0
ASVEG 1 18 a-o 38 g 553 be 61 100 a 100 a 0
B129(RP) 8 k 51 ab 3231 .64 63 e 70b 0
OM - days 1o matunty o tar aploitie) IR harvest rate D heading rate
Conclusion

A number of combinations between tines derived from Hakuran BC and tropical inbreds
performed comparably to ASVEG [ and were superior to the recurrent stock B129 in almost
every trait measured, exeept head solidity and natural soft rot infection level. Heat tolerance
among the selected lines from the Hakuran backeross program appears already sufficient,
as shown by its high level in the combinations. Selection for lines that show good disease
resistance and better horticultural attributes should improve the usability of these combinations.

Cytosterility Backcross Program
Introduction

The program to transfer the evioplasmic sterility (CMS) from radish and mustard (B.
Junceay into tropical Chinese cabbage continued. As mentioned in previous reports, this
mechanism could be a viable replacement for self-incompatibility. The technique involved is
simpler and its sterility is more stable across environments than that of self-incompatibility.,

A program using more advanced radish-derived OMS materials with improved nectar
glands were restarted. Inaddition, other CMS sourees were explored and one from India which
was originally derived from mustard was obtained. These materials have been the subject of
our attention in the last 1wo vears,

Materials and Methods

Atotal of 35 BP/3A families of radish-derived CMS materials were planted. Eleven
familics of this batch originated from backerosses 1o 7251-1, a clf-fertile heat-tolerant inbred
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with a good combining ability, as recurrent parent. The other 24 farmilies belonged to
backcrosses to CT1-27 and CT1-32, both self-fertiie selections from an open-pollinated tropical
cultivar. Population sizes varied unong families depending upon availability of seeds but
generally ranged up to 165 plants per family. The recurrent parents were included for
comparisen and as pollen source for further substitution crosses. Selection for dark green
leal color was practised at scedling stage. All severely chlorotic plants were discarded and
only the selected plants were vernalized.

At flowering time, five open flowers per plant were sampled for observation, especially
of the nectar gland which bas always been a serious limitation in radish-derived CMS materials.
Final selection of plants for use in further backcerosses included only those with none or
minimal chlorosis (at seedling and mature stages); relative absence of diseases, such as downy
mildew and turnip mosaic virus; improved nectar gland; and better pod and sced fenility.

On substitution crosses with mustard as the CMS source, we planted a total of 17 families
belonging 1o BCI to BC3 generations. Six families had B-18 as the recurrent parent. B-18
is a selt-compatible tropical inbred with a good combining ability. The rest were backerosses
to BI29, an open-pollinated tropical cultivar. Again, preliminary selection was practised at
the seedling stage for relatively normal leat color, discarding the severely chlorotic plants in
the process.

The seleeted plants weee then vernalized along with the recurrent parents and, at
flowering time, they were examined for funciional nectar gland in a random sample of five
open flowers per plant. Other floral attributes were also noted. Generally, pod size and seeds
per pod of mustard-derived CMS plants were still very poor. Thus, selection was focused
mainly on functional nectary, good flower size, green leat eolor (at seedling and mature stages),
and relative resistance 1o diseases. The best selections were further backerossed to their
respective recurrent parents,

Results

Tables 18, 19, and 20 summarize the characteristics of the best selections from the radish
CMS backeross program as compared with their respective reeurrent parents., It is apparent
that dark green planis could be selected, although a few light green piants were still taken.
Seed and pod fertility from hand and bee pollinations of some of the selections were alrcady
comparable, i not better, than those of the recurrent parents. The limitation of these plants
was stil, in arge past, on the nature of their nectar glands. The best possible nectar gland
score for the buckeross progenies was 8" out of a perfect score of ““12 for the normal
plant (such as, the recurrent parent). Nenetheless, the current score of CMS derivatives already
represents aogreat amprovement over the previous radish-derived CMS materials.

The data on the best selections from the B, Juncea CMS backeross program with two
recurrent parents are given in Tables 21 and 22. The normal check was a normal segregant
(BIWS3N-1) from a BC family which was initially suspected to have had its fertility restored
by restorer genes but have not proven to be so in subsequent tests of selted progenies. The
best selection among backerosses 10 B-18 was 83W76-2 with petals nearly the normal size,
green seedlings, dark green mature plant color, and nectar secretion in the inner glands (Table
21}, In backerosses 1o BI29 the best selections had petals approximately half that of normal.
Similarly, some derivatives with green seedlings/dark green mature plant color were present
and nectar secretions on some were consistently observed,

Conclusion

The program to transter cvioplasane sterility to - tropical Chinese cabbage is making
progress in terms of leal eolor, Tunctional nectary, and pod/seed fertility, In both the radish-
and mustard-derived CMS backeross nopulations, the size of nectar gland was still below
normal. However, nectar secretion had been consistently observed i some selections. Petal
size of mustard CMS was still generally small, exeept in ane segregant which had a nearly
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normal proportion. Pod and seed fertility of mustard CMS necd to be improved. With repeated
backcrosses, it is expected that a better opportunity for selecting the desired *ype for this
trait will arise.

Table 18. Seedling characters, nectar gland score, and seed production of selection
from radish derived CMS backcross with inbred 7252-1 as recurrent parent?.

Leaf Nectar Pod Length No. Seeds/Pod Pod Set
Selection Color  Glard Score  HF (cm) BP {cm)  HP B8P HP (%)  BP (%)
“gaw3as2  bGc 8- 4 3 21 14 69 89
83W48(RM} N 12 - 4 - 13 - 67

‘DG = daik green: N = normal; HP = hand pollination. BP - beo rollination

Table 12. Seedling characters, nectar yland score, and secd production of selections
from radish-derived CMS backcross with OP CT1-32 as the recurrent parent?

Leaf Nectar Pod Length No. Seeds/Pod Pod Set
Selection T

Color  Gland Score  HP (cm)  BP {cm) HP BP HP (%)  BP (%)
83W12.3 LG 8~ 3 2 20 7 75 60
83w18g.2 LG 8- 4 3 21 12 63 71
83W18-3 LG 8 3 3 13 10 88 98
83W18.2 LG 8 3 2 1 7 73 71
83wW22-1 DG 8- 3 2 18 9 86 78
83W23-i LG 8 2 2 12 6 80 76
83W29-6 DG 8+ 4 3 17 12 69 74
BIW47(RP) N 12 - 3 - 14 - 74

LG =tight green. DG durk qroen. N neomal, HEP e pothnetion BE - bee pollination

Table 20. Seedling characters, neclar gland score, and seed production of selections
from radish-derived CMS backcross with OP CT71-27 as recurrent parent?

Selecti Leaf Nectar Pod Length No. Seeds/Pod Pod Set
CUNN Color  Gland Scoe WP (em)  BP(cm)  HP  BP HP (%)  BP (%)

83W12-1 DG 8- 2 2 9 5 95 78
8IW 14! DG 8+ 3 a 14 6 79 78
BAW17.4 DG 8 4 3 17 8 91 74
83W24-2 DG 8- 3 3 6 9 82 76
83W26-3 LG 8- 3 3 14 6 81 77
B3W26-4 DG 8- 3 2 10 7 80 70
BIW26- DG 6 2 2 6 8 67 62
8IW26-5 DG 6 2 2 3 2 70 68
B3WAGRP) N 12 - 3 - 10 - 87

‘DG - dark green, LG+ hght ateen, N - nonmal, HP - hand polination BP - bee polination

Table 21. Leaf color and floral characters of the best selections from the 8. juncea
CMS hackeross with B-18 as recurrent parents.

Nectar/Gland”

> T \4
Selection Leal Color AntherY P‘j"il (number/size) Nectar
sdig mat see inner outer inner outer
83W73-1 G DG % 2N Q-2/vs + -
83W74-3 G DG \Y 2N 2/s 2/s + -
83W74-2 G DG % 3N 2/vs 2lvs 4+ -
83W76-2 G DG \Y 9N 0-efs 1-2/s + -
B83WS53(N)-1 G DG N N 2/N 2IN + 4+ -
‘sdig = secdhng; mat - matuee plant. Googreen, 0G ddrk qieen YN normal, Vo= vesligial,
*s = small; vs - very small "4 nectar veeasionally absent on one o both glands (some lowers)

+ + = nectar consistently present on both inner glunds. — = nectar completely absent
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Table 22. l.eaf color and floral characters of the best selections from the B. juncea
CMS backcross with B-129 as recurrent parent.

Nectar Gland*

=) 2 3 W
Selection i(ﬁfccilir AnterY gi‘;‘ __{number’size) ectar
s3dlg mat B inner outer
83W55-6 G DG Y 3N 2/vs 1-2/vs + ~
83wWs8-3 G DG \Y 5N 2fs - + 4+ -
83W58-8 - LG Y 5N 1-2/5 0-1/s + +
83W60-5 - LG \Y 5N 2ls 0-1/s + + +
83wWe61-2 G DG \Y AN 21s 0-2/s + + -
83W53(N)-1 G DG N N 2IN 2/N + 4 -
Isdlg = seediing. mat = mature plant, G = green, LG - light green. DG - dark green N = normal;
V= vestigial *s - small, vs = very small Yo conectar occasionally absent on one or both glands
{some flowers). + + = nectar consistently present on both nner glands. — = nectar completely absent.

International Trials

A total of 1,525 seed packets were distributed to 174 cooperators in 68 countrics. Most
of the requests were for ASVEG 1 and a namber of open-pollinated cultivars, especially those
already released in some countries or found adaptable in others based on COOperators’ reports
last vear. In 43 special cases, we shipped amounts in large quantitics ranging tfrom 10 g to
as much as 15 ky per entry,

A number of cooperators tiled back reports of their trials. In several cases, reports were
simply a general summary without supporting data. These reports were not included in this
section unless something significant occurred in the trials.

Indonesia

Mr. Simon Field of the Australian Livestock Development Project at Kupang, Indonesia
reported the excellent performance of @ number of AVRDC hybrids and open-pollinated
cultivars in a preliminary trial. Elevation of the trial site was 60 m above sea level, Table
23 shows the promising entries and their characteristics in comparison (o B189 (cheek). The
best entries yvielded 36 to 38 ¢ hi in 61 to 63 davs, averazed more than 1 kg per head, had
no soft rot infection, and showed heading and harvest rates close to, i not cqual, to 100%.
The differences with the check enltivar were not significant, however, partly because of the
relatively high coefTicient of variation as in vield.

Fhe Taiwan Agricaltural Technical Mission at Central Java tested two of AVRDCs
hybrids against two commiercial hybrids at two locations. One was at Pakem (clevation, 400
m) and the other wias ar Neipiksari (elevation, 850 m). No statistical basis for comparison
coutd be made, but the AVRDC entries vielded at least 40 t/ha in 87 days and averaged at
least T kg per head (Table 24). They were clearly outvielded by Ping-luh, however, in about
the same duration. At the higher elevation of Npipiksari, ASVEG | outyielded Ping-luh. Its
reported vield was 36 t/ha in 64 days with a mean head weight of 1.6 kg compared with
a vield of 49 1 ha in the same duration and 1.4 ke average head weight for Ping-luh.

“he Central Research Institute for Hortienlture at Bozor announced the official release
of two of AVRDC' heat -tolerant open-pollinated cultivars selecied from several entries after
several years of tests at different locations. The two varicties, 7705 (3)-40 and 7IM(3)-26, given
the Tocal names  Paland™ and “*Sanguibe®™, respectively, were noted by the research team
led by Dr. Hendro Socnerjono to have high viela potential (averace of 30 t/ha but with
maxinmum attainable vield of 76 t-ha under more favorable conditions), resistance 1o soft rot
and cAlrernaria (moderate level), but susceptibility to clubroot. In their report, the team cited
the adaptability of both cultivars for lowland and highland commercial production,
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Table 23. Best performing AVRDC entries in a trial conducted at N.T.T., Kupang, Indonesia.

Entry Marketable Days to Heau Harvest Heading Soft Rot
Yield (t/ha) Maturity Weight (g) Rate (%) Rate (%) (%)
Hybrid 59 38 61 1149 99 100 0
Hybrid 58 37 62 1121 99 ‘00 0
77M(2/3)-41 36 61 1085 100 100 0
77M(2/3)-43 36 65 1072 96 99 0
B189 (Check) 26 63 822 83 83 14
CV(%) 27 6 20 16 10 -

Table 24. Performance of AVRDC entries and commercial hybrids in a preliminary trial
at two locations in Central Java, IndonesiaZ,

Pakem (400 m)¥ Ngipiksari(850 m)Y

Entry Yield Days to Head Wt Yield Days to Head Wi

(t/ha) Maturity (kg) (t/ha) Maturity (k@)
Hybrid 58 42 57 1.2 - -
ASVEG 1 40 57 1.1 56 64 1.6
Yuan Pao 40 57 1.1 - -
Ping Luh 51 57 1.4 49 64 1.4

*No statistical analysis nrovided on summanzed resulls, YElevation from sea level.

Philippines

The Institute of Small Farms and Industries of the Atenco de Davao University carried
out a trial at Upper Rapnaga arca (clevation, 16 m) from June to November 1983. The Director
of the Institute, Mr. Ronald Vidal, highly recommended the use of Hyorid 58 and B189 in
the area. Hybrid 38 clearly outyiclded B18Y in about the same growth durction of 55 days
from transplanting (Table 23). Both averaged about 1.5 kg head weight and 100% heading
rate. Harvest rate in BI8Y was lower than in Hybrid 58 but the difference was insignificant.
These two entries did not suffer any soft rot damage although most other entries had
substantial incidence. At present, the Institute requires more seeds Tor further tests and
dissemination.

In another trial at Leyvte provinee, researchers from the Visayas State College of
Agriculture ar Baybay found that 77M(3)-40 was the most vigorous, the izast susceptible to
softrot, and produced the biggest head and highest yield of 27 t/ha in the same growth duration
as the other varieties in a trial of 10 AVRDC entries (Table 206).

Tabte 25. Best performing AVRDC entries in a trial conducted at the Upper Rapnaga,
Davao City, Philippines.

Entr Marketable Days to Head Harvest Heading Soft Rot
_'y_ . Yield (t/ha) - Maturity  Weight (g)  Rate (%) Rate (%) Rot (%)
Hybrid 58 47a 55 1525 94 100 0
B189 37b 56 1432 78 100 0
CV(%y) 36 3 24 25 10 49

Table 26. Best performing AVRDC entry in a trial al
VISCA, Baybay, Leyte, Philippines.

Entry (T/It?‘lg Maturity” Soft RotY
CTM@E0 278 es TG
B189 (check) 18 b 62 4b
‘Days from sowing to hiarvest YRated from 1 = least infection

to 5= most susceptible
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Brunei

Dr. Ramon Santiago of the Sinaut Agricult. ral Research and Training Center tested
seven AVRDC entries during the dry and wet seasons of 1983-84. Based on the initial results,
two entries, 77M(3)-35 and 77M(2/3)-41, had commercial potential. Yields of the two entries
were comparable during the wet season and tended to be higher than in the wet season (Table
27). B189, the check entry, however, yicided very low in the same duration during the dry
season. Generally, soft rot was the biggest problem. The two entries, 77M(3)-35 and
TIM(2/3)-41, had relatively high incidence but were considered (o be the most “tolerant™
in both trials.

United States and Australia

Reports filed by cooperators from the more temperate regions also indicated a sur-
prisingly acceptable performance of the AVRDC cultivars bred especially for the tropics.
However, the heading ability of the tropical types depended upon the planting season. In
a trial conducted by Harris Seed Company at Rochester, New York, AVRDC Hybrid # 58
and # 62 both bolted before heads could form. In the fall trial (transplanted in mid-August),
both hybrids matured very carly and possessed good quality for the fresh market. However,
they had a limited holding capacity in the field, with heads splitting quickly if rot harvested
soon after they became compact.

Professor S. Honma of Michigan State University at East Lansing reported that as a
summer crop, most of the AVRDC-bred tropical Chinese cabbage prematurely bolted with
long days and relatively cool nights in that area. Only ASVEG 1 did well and is highly preferred
over other Asian cultivars because of the prevailing market demand for smaller heads.

In the semi-arid subtropical area of Northern Australia, AVRDC Hybrid # 62 (ASVEG
1) performed very well in a trial eonducted from June io August 1984 by the Department
of Primary Production at Darwin. According to Mr. Kevin Blackburn, the horticulturist at
the DPI’s Berrimah Rescarch Farm, this variety is *‘a very good, quick-maturing type with
light green, attraciive, uniform appearance and produces very firm white heads’’, Both ASVEG
I and Hybrid 59 averaged more than 100 t/ha in 56 to 58 days, with 100% (or practically
$0) heading and harvest rates, and mean head weights of about | kg (Table 28).

ASVEG 1 is preferred over Hybrid 59 for its market quality. Not included in Table
28 but cited here for comparative purposes are B18Y (the heat-tolerant cheek, which averaged
600 g head weight but with 20% premature bolters) and Yamato-Noen (the heat-sensitive check,
which produced some heads that were slightly heavier than that of ASVEG 1—about 30 g
more). However, Yamato-Noen had about 30% nonheaders and “*bud rot”'-infected plants
which severely reduced its final per unit arca vield.

Table 27. Best performing AVRDC entries in the dry and wet seasons at Sinaut, Brunej?

Yield(t/ha) Maturity(days) Head Weight(g) Soft Rot(%})
Entry T B P EE—— ——
~dry wet dry wel dry wet dry wet
77M(3)-35 16 22 57 42 633 479 36 23
77M(2/3)-41 - 24 - 42 - 652 - 39
B189 (check) 5 - 57 - 491 - 69 -
*No statistical analyses w.cluded with the summanzed data

Table 28. Best performing AVRDC entries in a trial conducted at the Berrimah Research
Farm, DPP, Darwin, NT Australia.

Entry Yield Days to Head Harvest Heading
(t/ha) - Wl}/_!ga‘tyrily Weight (g) Rate (%) B Rate (%%)

ASVEG 1 118 56 1060 100 100

Hybrid 59 125 58 1150 99 a9

CV(%) 16 4 8 15 10
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Chinese Cabbage Entomology

During 1984 studies were continued on control of cabbage webworm Hellula undalis
(Lepidoptera: Pyralidae) and diamondback moth, Plutella xylostella (Lepidoptera: Yponomeu-
tidae) which are the most serious pests of Chinese cabbage in the hot humid summer and
cool dry winter, respectively, in Taiwan and practically throughout the year in tropical and
subtropical regions of Asia.

Screening Chinese Cabbage Germplasm for
Resistance to Cabbage Webworm

introduction

During 1978 and 1980 available Chinese cabbage germplasm was screened for resistance
to cabbage webworm. However, we did not find any resistant Chinese cabbage accession.
During the last three vears additional germplasm was received. This germplasm, along with
accessions not included in past tests because of inadeouate seed supply, was screened for
resistance to cabbage webworm in summer 1984,

Materials and Methods

A picce of land away from areas of frequent insecticide use was rototilled, applied with
basal fertilizer, and worked into 1.5 m wide raised beds. These beds were further divided
into 10 m long plots. On each plot, seeds of each accession were sown in two rows, with
a distance of 40 cm between rows and 25 ¢m between hills in cach row. Each accession was
planted in three randomly selected plots. Two weeks after germination cach piot was thinned
to two plants per hill. At this time, several cabbage webworm pupace were placed at regular
distances all over the field to augment ambient cabbage webworm population and to increase
the chances of infestation.

Sixweeks after sowing, cach plant in cach plot was observed and the number of healthy
and webworm-damaged cabbage plants were recorded. The mean and standard deviation of
the percentuge of plant damage of cach accession were calculated. This procedure allowed
us to classity the accessions according to the following categories: highly resistant (HR),
moderately resistant (MR), low resistance (1.R), susceptible (S), and highly susceptible (HS).

Results

All accessions were damaged by cabbage webworm (Table 1), The damage percentage
varied from 12.26 to 66.60. The 19 least damaged MR accessions will be sereened again next
year for resistance to cabbage webworm,

Conclusion

In a preliminary test, 19 out of 133 accessions screened for resistance to cabbage
webworm were relatively less damaged than the others.
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Table 1. Performance of Chinese cabbage accessions for resistaiice to
cabbage waebworm.?

Resistance Percentage of Plant .
No. of Acceusions
Category Damage Range

HR less than 4.07 0
MR 9.08 to 21.40 19
LR 21.41 to 33.73 53
S 33.74 to 58.40 55
HS greater than 58.41 6
total 133

ZSowing date: July 31, 1984; observation date: Sept. 12, 1984. Mean damage percentage: 33.73;
standard deviatior +12.33.

Insecticide Screening for the Control of Cabbage Webworm
Intcoduction

Cabbage webworm infests Chinese cabbage and other cruciferous crops in the seedling
stage mainly during the hot and humid summer. The adult female lays cggs on the leaves,
and the newly hatched larva moves from its initial ieeding site on leaves to the growing point
where it continues to feed by boring a hole and remaining concealed. A slight feeding damage
to the growing point causes seedling death or deformity in head formation at a later stage.

Since other control methods have not yet heen developed for this pest, farmers rely on
insecticide application. There is an ongoing insccticide screening program to combat this and
other pests of AVRDC crops. In 1984 three new pest control agents were obtained: Bag-a-bug
(Bacillus thuringiensis). Bavthroid, and ditlubenzuron for testing. These pest control agents
have different modes of action. They were, therefore, included with other chemicals which
have shown superior control of this pest in past tests.

Materials and Methods

The procedures were identical 1o the ones described in our publication “*Vegetable Pest
Control: Insccticide Evaluation Tests”. In brief, it included nine insecticide treatments and
one untreated check. Each insecticide was sprayed once a week to designated Chinese cabbage
plots of 4.5 3.3 m size starting within a week of transplanting. Each treatment had four
replicates arranged in a randomized complete block design. -Suitable pre-and post-planting
cultural practices were adapted to provide high vield.

For efficacy evaluation, the larvae of cabbage webworm were observed on randomly
selected 10 plants per plot. Also recorded was the number of webworm-damaged plants as,
at times, the larvae after feeding, left the plant for pupation in the soil. Insect count and
plant damage percentage were statistically analyzed by Duncan’s Multiple Range Test.

Results

The results of insecticide evaluation are summarized in Table 2. Profenofos, EPN, and
parathion gave significant cabbage webworm control over untreated check plots in both
observations. These insecticides also gave greater marketable yields than the control and certain
other chemicals. Baythroid, difiubenzoran, and both formulation of Bacillus thuringiensis
(Bactoscine and Bag-a-Bug) were relatively less effective, According to the summer market
price for Chinese cabbage (NT$6.00/kg), the return on increased production was worth
NTS$18,030, NT$15,288, and NTS$17,000 for profenofos, EPN, and parathion, respectively.,
The costs of these chemicals for four applications per hectare were NT$2,850, NT$612, and
NT3400.
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Table 2. Evaluation of insecticides for the control of cabbage webworm on
Chinese cabbage®

No.ot Larvae Percentage of Damaged .

Insecticides Ra.te (kg /10 Plants Plants/Plot Yield

a.i./ha) (t/ha)

84/7/9 84/7/16 84/7/9 84/7/16

Profenofos 50EC 0.5 1.00c 0.50d 17.72 19.28 20.28a
Bactespeine 100% 0.5¥ 6.00a 7.00a 29.€8 29.72 13.51b
Baythroid 50EC 0.05 7.50a 4.75ab 33.33 23.44 14.72b
Bag-A-Bug 100% 0.5" 2.75bc 3.75bc 28.12 25.00 17.05ab
EPN 45EC 0.5 0.00c 0.25d 16.67 25.55 19.45a
Triazophos 40EC 0.5 2.00bc 0.25d 19.27 27.09 15.78ab
Methomyl S0WP n.5 4.50ab 4.50ab 19.79 20.89 18.02ab
Difiuenzuron 25WP 0.075 1.00c 1.25¢cd 22.84 19.81 16.85ab
Parathion 47EC 0.5 0.25¢ 0.75d 11.99 25.65 19.70a
Control 6.00a 4.75ab 22.92 30.20 16.80ab

*Cultivar: ASVEG #1 Transplanting date: June 29, 1984, Insecticides applied: Ju'y 5, July 11, July 18,
July 25,1984 Sampling dates. July 9, July 16 1984, Harvest date: Aug 6, 1384. Data shown are
means of four replicates Means in each vertical column followed by the same letter are not signiiicantly
different at the 5% level according tu Duncan's Multiple Range Test. Plot size: 15 sq. m. YActual
product

Conclusion

Profenofos, EPN, and parathion gave better control of cabbage webworm than several
other chemicals. The application of these chemicals was also cost efiective.

Influence of Intercropping on Diamondback Moth
Infestation of Common Cabbage

Introduction

Diamondback moth is the most destructive pest of most cruciferous crops in tropical
and subtropical Asia. As a result of frequent insecticide use, this pest has become resistant
to most chemicals that are available in the market. New insccticides are not developed fast
eniough to replace the old ones. Insect resistance, insecticide cost, and health hazards make
it necessary to develop alternatives which can bhe integrated with other methods, including
insecticide use to minimize insect damage. In 1984 we conducted two experiments, one on
intercropping and the other on irrigation to control this pest. The results of the intercropping
experiment are summarized here.

Materials and Methods

A 0.6 ha picce of land was rototilled, applied with basal fertilizers, and worked into
1.5 m wide beds which were further divided into 10 m long plots. There were 309 plots
representing 103 treanments and three replicates.

Seeds of 99 difterent crops were obtained from Taiwan, India, USA, and Thailand.
The seeds of cach crop were planted in two lines, 40 ¢m apart on each plot. Six plots were
feft as nonintercropped checks. The planting of the intercrop was arranged in a randomized
complete block design.

One month after the sowing of intercrops, four-week-old common cubbage seedlings
were transplanted in a single row at the center along the length of cach plot. The crop was
raised according to customary cultural practices, except that no insecticide was applied.
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At 40, 60, and 80 days after transplanting, diamondback moth infestation was observed
on the common cabbage. In cach plot, 10 plants were selected at random, and the population
of larvac (2nd instar or older) and pupace on each plant were recorded.

Since aphids also infested common cabbage, their number was also observed on the
plants selected for diamondback moth infestation. In the first cvaluation 40 days after
transplanting, the number of aphids on cach plant were recorded and the plants were grouped
as having 0 to 10, 11 to 100, 101 to 1000, and 1000+ wphids/plant. At 60 days after
transplanting, aphid population was higher, so the plants were grouped as having less than
1000, 1001 ro 5000, 5001 to 10,000, and more than 10,000 aphids/plant.

The aphid count was converted to weighted averages by multiplying the number of plants
in cach category by a fuctor of 1 (0 to 10 aphids in Ist and less than 1,000 aphids in 2nd
observation), 2 (11 to 100 aphids in the Ist and 1,000 to 5,000 aphids in the 2nd observation,
3 (101 to 1000 aphids in the Ist and 5,001 to 10,000 aphids in the 2nd observation), 4 (more
than 1,000 aphids in the first and mere than 10,000 aphids in the 2nd observation).

The combined damage of diamondback moth and aphids was evaluated at 30 days after
cabbage transplanting. Twenty-two randomly selected plants were evaluated for insect damage
according to five categories: 1 (little damage with a large head), 3 (little damage with a medium
head), 5 (moderate damage with a medium head), 7 (serious damage with a small head) and
9 (serious damage and no head).

The diamondback moth count, the weighted averages of aphid count, and damage rating
observations were statistically analyzed by Duncan’s Multiple Range Test.

Results

Among 99 intercrops, only 54 grew successfully; others id not survive or grew very
poorly due to cold weather. The influence of intercropping with these 54 crops on insect
infestation was evaluated. The crops are as follows: amaranthus (Amaranthus blitum), Aztec
marigold (Tagetes erecta), barley (Hordeum vulgare), barnyard millet (Echinochloa crusgalll),
berseem (Trifolium alexandrinum), broccoli (Brassica oleracea var. italica), brussels sprout
(Brassica oleracea var. gemmifera), buchwheat (Fagopyrum sagittarum), carrot (Daucus corota),
cassava (Manihot esculenta), cauliflower (Brossica oleracea var. hotrytis), celery (Apium
graveolens), common cabbage (Brassica oleracea var. capitata), chilli pepper (Capsicum
Jrutescens), Chinese cabbage (Brassica campestris subsp. pekinensis), coriander (Coriandrum
sativum), corn (Zea mays), cosmos (Cosmos sulphureus), cucumber (Cucumis sativus), daisy
(Bellis perennisy, dill (Anethum graveolens), cggplant (Solanum melongena, four-o’clock
(Mirabhilis j('//u/)u), garlic (Allium sativiun), hollyhock (Alcee rosea), kale (Brassica oleracea
var. ucephala), kodo millet (Paspalum scrobiculationy, leck (Alium ampeloprasum) mesta
(Hibiscus cannabinus), methi (Trigonella foenam-graecum), mustard (Brassica nigra), oat
(Avena sativa), vaitsai (Brassica campestris subsp. chinensis), parsley (Petroselinum crispum),
pea (Pisum sativum), portulaca (Portulaca grandiflora), pumpkin (C cumis pepo), radish
(Raphanus sativus), rape (Brassica napus), ridge gourd (Ruffa aculanguia), rutabaga (Brassica
napus var. napobrassica), saftlower (Carthamus tinctorius), shallot (Allium ascalonicum),
smooth gourd (Z.uffu cylindrica), sorghum (Sorghim bicolor), soybean (Glycine may), spinach
(Spinacia oleracea), sugarcane (Saccharum officinarum), sweel pepper (Capsicum frutescens),
sweet potato {(Ipomoca batatas), tobacco (Nicotiana tabacum), tomato (/) ropersicon
esculentum), white potato (Soluntum tuberosum), and wild tomato (Lycopersicon hirsutum
f. glabratum).

Common cabbage planted between barley, dill, parlic, oat, safflower, and tomato had
relatively less diamondback moth larvae and pupae, especially during the third observation
when inseet population was very high (Table 3). It must be eir phasized here that due to wide
variations among replicates, the results were not satistically significant. Crops like safflower,
oat, and barley grew tall and shadowed the cabbage plants, which adversely affected cabbage
growth and insect count.
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Table 3. Popuiation of diamondback moth on common
cabbage intercropped with selected crops.?

No. Larvae + Pupae/10 Cabbage Planis

Intercrop (days after transplanting)

40 60 80
Barley 39 12 64
Dill 44 25 62
Garlic 42 20 69
Oat 36 i2 83
Safflower 19 1 0
Tomato 15 10 166
Control 37 33 330

fCabbage transplantira date Dec. 12, 1983.

All cruciferous intercrops acted as trap crops. Since they were planted earlier than
common cabbage, most of the insects infested them and very few moved on to the common
cabbage planted later,

During the first observation at 40 days after transplanting, certain intercrops influenced
the aphid population on common cabbage; however, at 60 days after transplanting, when
aphid population was very high, none of the crops had any significant influence on aphid
infestation of common cabbage.

Conclusion

Common cabbage planted between barley, dill, garlic, oat, safflower, and tomato had
relatively less diamondback moth infestation than when common cabbage was grown as a
sole crop.

Influence of Tomato Leaf Extract Spray on
Diamondback Moth Oviposition

Introduction

Our intercropping experiment and other investigations showed that common cabbage
intercropped between tomato reduced diamondback moth infestation of cabbage. So, we
decided to pursue this aspeet further and study the mechanism involved in this'finding. In
this first of a series of experiments, ve studied the effect of tomato leafl extract on the
oviposition of diamondback moth in treated common cabbage and Chinese cabbage plants.

Materials and Methods

With common cabbage —free-choice test. Leaves of both cultivatey tomato (Lycoper-
sicon esculentum) and wild tomato (L. hirsuim f. glabratumy were collected from the ficld
where no insecticide was used. Two-hundred-gram leaves were transferred to a Waring blender
containing 2 liters of water and were extracted at high blending speed for 3 imin. The extract
was filtered through o single layer of muslin cloth and the filtrate stored at 5° to 8°C,

Common cabbage (ev. K.Y, Cross) plants were raised for four weeks in small clay pots
{one seedling per pot) in the greenhouse. Nine seedlings of uniform size were chosen. Three
plants were spraved with cultivated tomato extract, three with wild tomato extract, and three
with water. With a laboratory atomizer, the plants were sprayed until the extract began to
run ofi. The liquid was allowed to evaporate for 5 to 10 min.
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A set of three seedlings, each one spraved with one of the three treatments was transferred
to a nylon net cage (45 x 45 <41 cm). There were three cages cach representing one replicate.
Thirty newly emerged diamondback moth adults were released inside each cage. Once every
other day, the number of eggs on the leaves were recorded and the plants sprayed with their
respective treatments and returned to the same cage containing diamondback adults. The
recording of oviposition continued untit there was an insignificant number of eggs faid on
the water sorayed plants,

With cammon cabbage ~no-choice test. In this study two potted common cabbage
seedhings were placed in cach of the nine nvlon net cages. The plants in three cages were
spraved with cuitivated tomato leal extract; in three other cages, with wild tomato leaf extract;
and in the remaining three, with water. The spraving procedure was identical with that of
the free-choice test. Ten pairs of newly cmerged diamondback moth adults were released in
cach cage. The number of eggs laid was recorded once every other day, and fresh plants sprayed
with extracts were placed for further oviposition antil an insignificant number of cugs were
laid on water-spraved plants.

With Chinese cabbage. Since in an unrelated experiment we found that With Chinese
cabbage the diamondback moth prefers 1o lay cggs on Chinese cabbage than on common
cabbage, in this experiment, we used four-week-old Chinese cabbage (cv. New King) to
determine the effect of tomarto leat extract on diamondback moth oviposition. The experi-
mental procedure was identical to that of the tree-choice test with common cabbage, except
that wild t=:naro leaf extract was not used: and the treatments were replicated four times,
instead of three.

Results

The results of both free-choice and no-choice iests with common cabbage are summarized
in Table 4. The number of diamondback moth eggs on both tomato extract treatments was
lower than that of the control plants (water spray) when the tomato-extract-treated and control
plants were placed together (free-choice test). When the insects were given no choice i.c., they
were confined to only one-treatment plants, the eggs taid on extract-treated plants were still
numerically less, although not significantly so, than those on water-sprayed plants, In general
both wild and cultivated tomato leat” extracts had similar effects on diamondback moth
oviposition.

The results of the Chinese cabbage experiment are summarized in Table 5. The
diamondback moth laid significantly less cegs on plants treated with tomato leaf extract than
on controf plants spraved with only water.

Conclusion
Spraying common cabbage or Chinese cabbage plants with romato leaf extract reduced

the number of eggs laid by the diamondback moth on treated plants.

Table 4. Influence of tomato leal extract spray on oviposition of
diamondback motn.’

VN;oM.WEggs/lflant

Spray Treatment [

o !rbefﬁbige lesg - no-choice test
Wild tomato leaf extract 35b 163
Cultivated tomato leat extract 60b 239
Water 299a 369

Tha data ane the means ol three replicates. The means in each vertical column
tollowed by the same ettor are nol sgmticantly diterent al the 5% level according
to Dunean’s Multiple Range Test
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Table 5. Influence of tornato leaf extract spray on oviposition
of diamondback moth on Chinese cabbage.?

Spray Treatment o No. Eggs/Flant
Tomato leaf extract 57.5a
Water 160.0b

‘The data are: the means of four replicates. The means tollowed by the same letter are not
sigificantly different at the 5 level according to Duncan's Mult:iple Range Test.

Sprinkler lrrigation for Diamondback Mcth Control

Introduction

Nine years ol continuous insect-pest monitoring showed that diamondback moth is a
serious pest of wrucifers only in the dry scason which lasts approximately from Qctober to
April. Infestation is absent or minimum during the rest of the vear. In 1980, when Taiwan
experienced a severe drought during summer, considerable diamondback moth infestation was
observed. This led us to believe that frequent rains are detrimental 1o diamondback moth
infestation.

In 1983, therefore, we conducted a preliminary experiment in which we used sprinkler
and furrow irrigations to study diamondback moth infestation on common cabbage. In the
1983 experiment we obtained a fairly vood controi of the insect by sprinkler irrigation;
however, insect population was relatively low and the yield obtained in control plots was
influenced not only by this moth but also by water stress. This year, therefore, we used drip
irrigation for the cheek plots so that all plots receive equal amounts of water. Diamondback
motlr adults were released in the field to augment ambient insect population.

Materials and Methods

A 0.2 ha picce of land was rototilled, applied with basal fertilizer, and worked into
beds 1.5 m wide. These beds were further divided into twelve 9 m x 10 m plots. One-month-old
seedlings of common cabbage (ev. K.Y. Cross) were transplanted in two rows on each plot.
Each bed, excluding the seedlings, was then covered with rice straw mulch. Starting one week
after transplanting, six plots were irrigated by overhead sprinkler irrigation and six, by drip
irrigation.

For sprinkler irrigation, a polyvinyl tube bearing a row of holes, was mounted 1 m above
the planted arca on a central pivotal tube which delivered pressurized water into the horizontal
tube. The horizontal pipe was rotated by means of 4 motor so that water was applied uniformiy
over cach plot. In the drip irrigation, a perforated polyvinyl pipe through which the water
flow was placed on the soil surface between two cabbage rows in cach bed. The water pressure
in both irrigations was the same.

Every other day cach plot was irrigated for 5 min at dusk usually starting at 4,30 P.M.
Equal water pressure and duration in both irrigations resulted in approximately equal amounts
of water delivered to the plots, At 25, 37, and 45 days after transplanting, 20 randomly selected
plants in cach plot were observed fer diamondback moth infestation: and the number of larvae
and pupac was recorded. At 25 and 37 days after transplanting, the same 20 plants were
observed tor aphid (Myzus persicae and Lipaphis ervsimi) infestation; and the number of plants
with 100 or more aphids were recorded. At harvest, we recorded the number of markctable
cabbage heads and vield per plot. All data were analyzed by Duncan’s Multiple Range Test.

Results

The results of diamondback moth and aphid infestation and yields obtained are
summarized in Table 6. The number of diamondback moth larvae and pupaec were consistently
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Table 6. Influence of method of irrigation on diamondback moth and aphid intestation and
yield of common cabbage.?

ericati No.Diamondback Moth No.Plants/20 with Market- )

rrigation Larvae + Pupae/20 Plants 100 + Aphids/Plant able vield

Method - (t/ha)
Feb. 24 Mar. 6 Mar. 15 Feb. 24 Mar. 6 Heads (%)

Sprinkler 305b 506b 609b 5.0a 1.2b 6Bb 20.0b

Drip 381a 820a 1061a 8.0a 3.8a 59a 8.3a

Hransplanting date: Jan. 30, 1984. Data are means of six replicates. Means in each vertical column
followed by the same letter are not significantly different at the 5°% level by Duncan's Multiple
Range Test

less in the sprinkler than in the drip irrigation plots in each observation. The aphid population
was also less in the sprinkler irrigaticn plots. The number of marketable heads and total yield
was significantly greater in the sprinkler than in the drip irrigation plots. The average head
of sprinkler-irrigated cabbage weighed 738 g as against only 421 g of the drip-irrigated crop.

Sprinkler irrigation presumably drovons and washes away the diamondback moth larvae
feeding on the leaf surface. It probably affects aphids in a similar fashion but to a lesser
extent. The falling water drops presumably disturb the adult moths and drive them away,
or seriously disturb their overall flying and mating activity, considering that irrigation was
done close to dusk when moths are especially active for mating.

This system not only reduced insect infestation but also increased the efficacy of water
utilization. Although the initial investment is rather high, the savings in water and insecticide
cost would, in the long run more than make up for the initial cost.

Conclusion

The overhead sprinkler irrigation significantly reduced diamondback moth iufestation,
and increased markeiable heads, head weight, and yield of common cabbage.

Oviposition Behavior of Diamondback Moth
Introduction

The diamondback moth infests a wide variety of crucifers. The larvae of the insect feed
on the plants and skeletonize the leaves. As a result both quality and quantity of the produce
arc adversely alfected. Since the larvae do not migrate from plant to plant but feed and pupate
on the same plant, the sclection of the host plant for oviposition by the adult female plays
a very important role in host plant infestation. Basic studies on the oviposition of this insect
were, therefore, nitiated and two initial experiments on its preference between common
cabbage and Chinese cabbage were conducted.

Materials and Methods

In the first experiment, common cabbage (K.Y, Cross) and heat-tolerant ASVEG | were
uscd; in the second, the same common cabbage cultivar and the winter-type Chinese cabbage
New King were employed. The seeds of these cultivars were sown in small clay pots. One
week after germination, the plants were thinned to one per pot and maintained in the
greenhouse for four weeks. In the first test, two potted plants cach of common cabbage and
Chinese cabbage (ASVEG 1) were placed in a nylon cage (45x45x 41 cm). Three cages,
cach representing one replicate, were used.

In the sccond experiment conducted two weeks later, two potted plants cach of common
cabbage and Chinese cabbage (¢v. New King) were similarly placed in cages. Thirty newly
emerged diamondback moth adults were released in each cage. The number of eggs laid by
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the diamondback moth were recorded everyda for six days. The plants with eggs were removed
daily and were replaced with fresh plants maintained in the greenhouse.

Results

Trichome density and the results of the diamondback moth oviposition on common
cabbage and both cultivars of Chinese cabbage are summarized in Table 7. The diamondback
moth laid significantly greater number of eggs in both Chinese cabbage cultivars than in
conmmon cabbage. Both Chinese cabbage cultivars have trichomes on the leaf surface, whereas
common cabbage is essentially glabrous. A study is currently underway to investigate the
relationship between trichome density and oviposition of diamondback moth in Chinese
cabbage,

Table 7. Trichome density and oviposition of diamondback moth in common cabbage and
Chinese cabbage.?

No.Trichomes/25 sq mm

;OS( Host Plant upper lower No. lfl'a:tggS/
surface surface
| Commen cabbage (K.Y. Cross) 0] 0] 88k
Chinese cabbage (New King) 1.0 10.7 704a
] Common cabbage (K.Y. Cross) 0 0 80b
Chinese cabbage (ASVEG 1) 1.5 3.7 611a

*Data are averages of threo replicates. Means for number of €ggs In each vertical column for each test
lollowed by the same test are not significantly different at the 5% level by Duncan’s Multiple Range Test.
Chinese cabbaoe und common cabbage plants had approximately same leai area.

Screening of Insecticides for the Control of
Diamondback Moth and Aphids on Common Cabbage
and Chinese Cabbage

Introduction

Insccticides play an important role in the protection of crops, especially vegetable. Since
insecticide use increases vegetable production cost, it is essential to know which chemical gives
better control at minimum cost. Also, insect pests develop resistance to insecticides, especially
if onc uses a partcular compound frequently. It is, therefore, necessary to .sereen new
compounds or combinations of already existing ones to come up with a suitable chemical
before the target inseet develops resistance to them. In 1984 we conducted one screening with
common cabbage for the control of diamondback moth and one with Chinese cabbage for
aphid and diamondback moth.

Materials and Methods

The procedures were identical to the ones deseribed in our publication “*Vegetable Pest
Control: Insecticide Evaluation Tests”. In bricf, cach test included nine insecticides and one
untreated check. The chemicals were selected on the basis of their efficacy on target pests
or related species in our previous tests or tests conducted clsewhere. Efforts were made to
include chemicals that have modes of action different from the traditional ones. Each chemical
was sprayed on an air-pressurized sprayer once a week to designated common cabbage or
Chinese cabbage plots 4.5 mx 3 m in size. Each treatment had four replicates. Insecticide
spraying was initiaed from about 10 days after trausplanting and discontinued at 10 days
before harvest.
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Insecticide efficacv was evaluated at intervals, usually a day before the next insecticide
application. At ecach interval, the number of diamondback moth larvae and pupae found in
a randomly selected 10-plant sample in cach plot were recorded. For aphids, the number of
plants in the same 10-plant sample with [ to 10, 11 to 100, 101 to 1000 and 1000+ aphids
were recorded. At harvest, the marketable yield in each plot was recorded. Insect count and
yield data were analyzed by Duncan’s Muitiple Range Test.

Results

For common cabbage, the results of insecticide screening for diamondb..ck moth control
are presented in Table 8. All insccticides reduced diamondback moth infestation and gave
increased yicld over the control. However, MK936 at 18 g a.i./ha gave the best control of
the insect. Profenofos, our standard insecticide, and bendiocarb gave comparable insect
control. Yield gains over control were comparable among the three insecticides.

In Chinese cabbage aphids caused much greater damage (and at times plant mortality)
than diamondback moth during the cool dry scason (Table 9). Because of aphid damage,
the diamondback moth infestation was erratic. [n this particular test two chemicals, pirimicarb
and profenofos, gave better control and better yield. Other chemicals did not control aphids,
hence the yields obtained in these chemical-sprayed plots were low. As a results of their failure
in aphid control, their efficacy against diamondback moth was poor although some of them
(c.g., MK936) worked well against diamondback moth in common cabbage in another test.

Conclusion

MK936, bendiocarb, and profenofos give good control of diamondback moth on common
cabbage. Profenofos and pirimicarb gave better control of aphids on Chinese cabbage.

Table 8. Evaluation oi insecticides tor the control of diamondback moth on
common cabbage.”

No. of Diamondback Moth

Insecticide Ra,te (farvae + pupae/10 piants) Yield
(kg a.i./ha) e (t/ha)
Feb. 22 March 5 March 14 March 21

1 MK936 1.8EC 0.)045 19.7¢cd 59.5cde 48.0de 96.7de 81.7ab
2 MK936 1.8EC 0.009 9.2cd 34.2def 24.2de 49.0de 88.0a
3 MK936 1.8EC 0.018 1.0d 7.0f 4.5¢ 11.5¢ 85.7a
4 PAY-OFF 31.6EC 0.05 30.2hcd 66.0cd 92.0c 237.2hc 75.3ab
5 PAY-OFF 5WP 0.05 42.2bc 85.5¢ 179.2b 316.7b 72.4ab
6 Bendiocarb 40WP 0.5 10.0cd 22 5Het 22.5de 78.0de 86.0a
7 Bendiocarb 40WP 0.25 22.5¢d 49.2cde 63.0cd 141.0cd 77.9ab
8 Bactospeine 0.5 62.5b 129.0b 157.0b 299.7b 66.5b
9 Selecron 50EC 0.5 14.5¢d 30.0det 30.5de 99.5de 85.6a
10 Control 139.0a 208.3a 374.5a 529.0a 44.5¢

‘Cultivar: K-Y Cross. Transplanting date: Jan. 9. 1984. Plot size: 15 sq m. Insecticides applied; Jan. 23,
Jan. 30, Feb. 6. Feb. 13 Feb 27, March 5, March 12, March 19, March 26, 1984 Harvest date:
Aptil 2.1984 Data shown are means of four replicates. Means in each vettical column followed by
the same letter are not significantly different at the 5% level according to Duncan's Multiple
Range Test
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Table 9. Evaluation of insecticides for the control of diamondback moth and aphids on

Chinese cabbage.*

No.Diamondback Moth

No. of Plants/10 with

. Rate (larvaz + pupae Approximate Number Yield
Insecticide (kg a.i/ha) 110 plants) of Aphids/Plant (t/ha)
March 12 April 12 10-100 101-1000 1000 +
MK336 1.8EC 0.0045 3.25b 57.8ab 0.25a 1.25bh 8.50a 25.9¢
MKQ36 1.86C 0.009 8.25ab 34.8ab 0.00a 0.50b 9.50a 33.6b
MKA36 1.8EC 0.018 3.00b 40.8ab 0.00a 0.50b 9.50a 24.6¢
Dimiiin 25WP + 020 7.50ab 57.3ab 0.00a 0.00b 10.00a 23.7¢
Phenthoate S50EC 0.50
Dimilin 25WP 0.25 13.75a 57.8ab 0.00a 0.25h 9.75a 24.9¢
Phenthoate 50EC 0.50 8.25ab 83.8a 0.00a 0.50b 9.50a 20.0c
Dimilin 25'WP + 0.25+ 14.00a 41.5ab 0.00a 0.00b 10.00a 22.6¢
Totalwett 1.00
Pirimicarb 0.25 13.00a 27.0b 0.75a 6.50a 2.75b 38.5b
Selecron 0.50 5.50h 15.0b 0.75a 5.50a 3.75b 45.7a
Control 13.50a 29.8Y 0.00a 0.00b 10.00a  20.1c

‘Cultivir New King Transplanting date: Feb. 21, 1984, Piot size: 15 sq m. Insecticide applied: March 1,
March 7. March 14, March 21, March 28, and April 3, 1984, Observation date for aphids: April 12, 1984,
Harvesy date. Aoril 13, 1984, Dala shown are means of four replicai2s. Means in each vertical column
followed by the saree letter are not significantly different at the 5% level according to Duncan's Multiple

Range Test
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Chinese Cabbage Pathology

In-Vitro Testing of Chinese Cabbage Hybrids
for Downy Mildew Resistance

Introduction

Past studies have documented downy mildew resistance in field situations with the use
of both epidemiological data for planting and data on individual infection characters, such
as lesion size and number, etc. While this is probably the best method of testing Chinese
cabbage for downy mildew resistance, it also has a number of drawbacks. It requires a iarge
planting area and often needs sprinkler irrigation to supply the necessary humidity for disease
development. Testing can only proceed in cooler periods (required for the growth of the fungus),
but these same cooler seasons will often vernalize the plants and cause them to bolt. This
is especially true of AVRDC’s heat-tolerant lines. Still, we hoped 1o verify downy mildew
resistance in some of the heat-tolerant hybrids. With this goal in mind, a series of in-vitro
experiments were conducted to examine downy mildew resistance in ASVEG 1, and Hybrids
58 and 59,

Materials and Methods

Peronospora prasitica was isolated from the ficld and maintained in an illuminated
[4 Cincubator by weekly transfer of sporangial suspensions to detached cotyledons of Chinese
cabbage accession B14. Ten- to twelve-day-old cotvledons were used as 2 substrate for growing
the fungus, which sporulated about one week after inoculation. For routine maintenance,
sporangial concentiations were in the range of 10% to 10° sporangia/m!.

Lines were tested by sowing the seeds and removing the coryledons when the plants were
12 days old. These cotyledons were placed on moist filter paper in 5 ¢cm petri dishes with
the abaxial surface of tne cotyledon up. A total of five dishes were prepared for each cultivar
or line in this manner. Cotyledons were inoculated with a suspension of sporangia (3.0 x 10
for the ASVEG | experiment and 2.4 3 10* for the Hybrid 58 and 59 test). Starting four or
five days after inoculation, all five cotyledons were removed frem one dish of each cultivar,
placed in 51nl of wuter, and then shaken with a Vortex-Genie mixer. he concentration of
the resulting spore suspension was determined with a hemacytometer. Data was anal:rzed with
the use of multiple regression and a model sequence 1o see if slopes of different lines were
different. Dependent variables were either spore number or spore number transformed by
taking its square root. The independent variable was days after incculation,

Results
The regression coefficients that resulted from fitting separate lines for cach line or variety

tested are presented in Table 1. These data are also presented graphically in Figs. | and 2,
In general, the transformed data fit much better than the raw data. This would be expected,
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since spores were being counted to determine the dependent variable, and their distribution
would be expected to be Poisson. Various reduced models were used to determine whether
or not regression lines were separate, or if the data available could just as well be explained
by a single line. The ANOVAs for these model sequences are presented in Tables 2 to 5.
Similar results from the ANOVA'’s were obtained whether raw or transformed data were used.

Table 1. Regression coefficients.
. Sqrt(spore#f) Spore#
Equation for - -
intercept slope intercept slope
Hybrid 58 -1.61773 .74301 ~19.25 4.85
Hybrid 59 -2.67724 .812992 -19.575 4.375
E7 -2.0879 .584204 - 9.475 2.075
E9 —2.98203 .701829 ~-12.675 2.525
N4 - 467111 .724686 ~19.375 6.075
B14 -2.79101 1.07034 -35.45 8.7
8362 —-3.62459 .954349 -17.3 3.975
8362R -4.47494 1.13715 -24.6 5.525
E7 —-2.40475 773972 -12.85 3.275
B18 -3.72018 .964236 -20.1 4.475
B14 -3.23336 1.09836 -26.3 6.725
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Fig. 2 increase in spore production over

Fig. 1 Increase in spore production over
time of ASVEG 1 and parents.

time of Hybrids 58, 59, and
parents.

Table 2. ANOVA comparing Hybrids 58, 59, parents, and B14%.

Source DF SS MS F
intercept 1 237445 237445 203.44
Day 1 5453.07 5453.07 46.72
Residual 118 13772.4 116.7153
Additional SS for
susceptible B14 2 3852.54 1926.27 22.53
Residual 116 9919.8 85.51552
Additional SS for
F1's and parents 2 131.76 65.88 77
Residual 114 9788.04 85.86
Additional SS for separating
E7/E9 from N4 2 4760.23 2380.115 53.02
Residual 112 5027.81 44.89116
Additional SS for separating 58
from 59, and E7 from E9 4 141.8 35.45 .78
Residual 108 4886 45.24074

?Dependent variable is spore number,
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In the model sequence with Hybrids 58 and 59, all lines (as a aroup) were different
from the susceptible check, B14, indicating detectable resistance in these lines to downy mildew,
The comparison of the hybrids (58 and 59 as a group) with their parents (E7, E9, and N4
as a group) showed that there was no difference between these two groups. This can be
interpreted that the downy mildew resistance is an additive effect. The two inbreds (E7 ard
E9), as a group, were more resistant than N4, since the rate of spore production was much
less. The final model in the sequence examined whether the rate of spore production of Hybrid
58 was different from that of Hybrid 59 and whether that of E7 was different than that of
E9. This was not significant.

The model sequence for ASVEG 1 yielded different results. The rate of spore production
for all lines of interest was less than that of Bl4. In the remaining comparisons, none of
the rates were different, except for ASVEG 1 compared to its reciprocal cross. In this case,
there was a difference if raw data were used: however, this was not reflected in the transformed
data.

Table 3. ANOVA comparing ;dybrids 58 and 59, parents, and B14.2

Source DF SS MS F
Intercept 1 1311.61 1311.61 664.12
Day 1 143.34 143.34 72.58
Residual 118 233.046 1.974966
Additional SS for
susceplible B14 2 50.972 25.486 16.24
Rasidual 116 182.074 1.569603
Adciitional SS for
F1's and parents 2 6.072 3.036 1.96
Residual 114 176.602 1.549140

Additional SS for
separating E7/E9
from N4 2 93.0742 46.5371 62.40
Residual 112 83.5278 .7457839
Additional SS for
separating 58 from 59,
and E7 from E9 4 3.6696 .9174 1.24
Residual 108 79.8582 .7394278

‘Dependent vanable 1s sqrt sport number

Table 4. ANOVA comparing ASVEG 1, parents, and B14.2

Cource DF 8§ MS F
Intercept 1 7293.16 7293.16 268.85
Day 1 4598.4 4598.4 169.51
/Residual 98 2658.44 27.12694
Additional SS for
susceaptible B14 2 945.25 472.625 26.48
Residual 96 1713.19 17.84573
Additional SS for
F1's and parents 2 42.64 21.32 1.20
Residual 94 1670.55 17.77181

Additional SS for
separating B18
from E7 2 28.82 14.41 .81
Residual 92 1641.73 17.84489
Additional SS for
separating ASVEG1 from
the reciprocal cross 2 88.05 44.025 2.55
Residual 90 1553.68 17.26311

‘Dependent variable 15 spore number.
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Table 5. ANOVA comparing ASVEG 1, parents, and B14.?

Source DF SS MS F
Intercept 1 586.669 586.669 787.11
Day 1 194.287 194.287 260.67
Residual 98 73.0439 .7453459
Additional SS for
susceptible B14 2 22.4772 11.2386 21.34
Residual 96 50.5667 5267365
Additional SS for
F1's and parents 2 1.3535 .67675 1.29
Residual 94 49.2132 .5235447

Additional SS for
separating B18

from E7 2 1.0262 .5131 .98
Residual 92 48.187 5237717

Additional SS3 fur
separaling ASVEG1 from
the recipror.al cross 2 1.2759 .63795 1.22
Residual 90 46.9111 5212344

’Dependent variable is sgrt spore number
p q

Conclusion

This method allows the quantification ¢f downy mildew resistance without claborate
field tests and the corresponding problems. This type of resistance still needs to be correlate
with actual performance in the field, however. Still, in early stages, even partial downy mildew
resistance in Chinese cabbage may be measured under laboratory conditions.

Evauluation of the Inoculation Technique for
Chinese Cabbage Soft Rof

Introduction

This expe-iment is a virtual duplicate of one done last year which investigated the
different types of Chinese cabbage inoculation for soft rot resistance. We are trying this since
the currently used method (injecting a suspension of bacteria into the outer leaves) cannot
be used to examine certain aspects of soft rot development.

Materials and Methods

A 2 by 4 factorial design was used with four replicates in a randomized complete block
design. One factor consisted of breaking two leaves per plant, and the other one used one
of four different inoculation methods (Table 6). These different inoculation methods' were
1) no inoculation, 2) injection inoculation (1 ml of .3 OD suspension per plant injected at
two sites), 3) spraying with overhead spray nozzles with the use of the same suspension to
run off, and 4) spraying as in method 3 but with drop nozzles. Seed was sown on July 10
and the resulting plants transplanted to the field on August . Plants were inoculated on August
31 and discased plants counted on September 6.

Analysis of both incidence and transformed incidence was performed with an analysis
of variance (Tables 7 and 8). Contrasts of treatment means were performed to examine the
main cffects and interactions (Table 9).
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Table 6. Treatments and means (raw and adjusted)
of factorial experiment investigating the mode of inoculation.

Mean Rot Incidence

Treatment
Raw Transformed
1. Unbroken leaves, no inoculation .00 .00
2. Broken leaves, no inoculation .02 .06
3. Unbroken leaves, injection inoculation .88 1.28
4. Broken leaves, injection inoculation .92 1.30
5. Unbroken leaves, overhead spray inoculation .06 .18
6. Broken leaves, overhead spray inoculation .88 1.28
7. Unbroken leaves, drop nozzle spray inoculation .02 12
8. Broken leaves, drop nozzle spray inoculation .47 .76
Table 7. ANOVA from the soft rot inoculation factorial
experiment—raw data.

Source DF SS MS F
Treatment 7 5.19726 0.74247 95.66
Blork 3 0.00984 0.00328 0.42
Error 21 0.16299 0.00776

Table 8. ANOVA from the soft rot inoculation factorial experiment.’

Source DF SS MS F
Treatment 7 9.8615 1.41374 47.44
Block 3 0.02463 0.00821 0.28
Error 21 0.62582 0.02980

IData transtormed with the use of the arc-sine square root to stabilize variance.

Table 9. Values of contrasts (and their t-values) from the soft rot
inoculation factorial experiment (raw and transtormed data).

Raw Data Transformed Data
Contrast Name — ——— e —
value T value ‘t'
Main effects
Breaking -1.32 -10.59 -1.82 ~-7.43
Inoculation 3.20 14.83 4.72 11.16
Method ~2.16 -14.12 -2.80 -9.37
Nozzle 0.46 517 0.59 3.40
Interaction contrasts
Breaking by inoculation -1.23 -5.58 -1.56 - 3.68
Breaking by method -1.18 ~7.70 -1.70 -5.68
Breaking by nozzle -0.37 -4.2% -0.46 - 2.65

Results

Both transformed and untransformed data gave similar results. This year there was an
interaction between breaking the leaves and inoculation, breaking the leaves and the mode
ot inoculation, and breaking the leaves and the type of nozzle used to spray the plants. An
examination of the means from the ANOVA showed that this is due to var ’ing increases in
rot because of leafl breaking within the different inoculation techniques. In uninoculated
treatments, e effect of leaf-breaking was very small, as would be expected. In injection
inoculation, the effect of leaf-breaking was also quite minimal. In the spray treatments,
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however, the effect of leaf-breaking was quite large. with a very large increase in the overhead
spray treatment, and less increase in the drop-nozzle spray treatment.

Conclusion

Since injection inoculation also damaged the plant at the same time, and bypassed the
need to wound the plants for infection to take place, it was not unreasonable for leaf-breaking
to have little effect with this mede of inocuiation. Ov~rhead spray inoculation was more
ctfective than the drop nozzle spray. The exact reason for this was not known, although the
incculum would run down the leaves and collect by the petiole scars-the exact place where
infection would take place, and presimably, the same area where wounds caused by leaf-
breaking would be.

Effect of Plant Density
on Soft Rot of Chinese Cabbage

Introduction

Soft rot, caused by frwinia carotovora, is an important discase of Chinese cabbage,
and can cause substantial losses in the warm summer months. The bacteria normally enters
through wounds in the leaves or stems of the plants. Since closer plant spacing prevents the
natural healing of these wounds, this experiment was conducted to see if there was a relationship
between plant density and the amount »f soft rot that developed.

Materials and Methods

Seeds of Chinese cabbage (variety Fun-lu, BI41) were sown on July 10 and the resulting
plants transplanted to the field on Auguse 1. Plants were set out in cither cne, two, or three
rows per bed, with spacings of 0.3, 0.4, 0.3, and 0.6 m between plants in each row. This
produced plant densities from 1.67 to 2.83 plants/m® for the one-row beds, 3.25 10 6.5
plants/m° for the two-row beds, and 4.92 1o 9.83 plants/m* tor the three-row beds. These
12 densities were arranged in o randomized complete block design with three replicates. Plants
were inoculated on August 31 by spraving them to run off with a suspension of £. carotovora
subsp. carotovora. Rotted plants were counted on September 17, September 24, and October
L. Sprinkler irnigation was applied on September 19,

The resulting data were converted 1o incidence (rotted plants divided by total number
of plants in the ploty and analyzed with the use of regression analysis, with incidence as the
dependent and plant density as the independent variable.

Results

No clear relationship between plant density and soft rot incidence was evident from these
data. Regression models fitting separate lines to the one, two, or three rows per beds, or
1o the separate blocks, did not yield satisfactory results cither. Data from selected ANOVAS
are presented in Tables 10, 11, and 12. Transformation of the incidence data to are-sin-square
root did not improve the fit.

Conclusion

Evidently, factors other than plant density play a major role in determining soft rot
incidence. One possibility is that wider spaced plants undergo increases insect feeding, and
that this increases the amount of soft rot. Further studies are needed before the relationship
between plant density and soft rot can be defined.
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Table 10. ANOVA from soft rot density experiment, 48 days after transplanting.

‘Source_qf Variatiq_nm DF - SS - _MS B B F
Intercept 1 474514 4.74514 197.2542
Blocks 2 1367723 0683862 2.842793
Density 1 0682012 0682012 2.835105
Error 32 769791 0240560

Table 11. ANOVA from soft rc! density experiment, 55 days after transplanting.

Source of Vanaton DF B SS” o ) i MS o ‘F
Intercept 1 11.1062 11.1062 314.8295
Blocks 2 1020958 0510479 1.447064
Density 1 0256711 .0256711 7277033
Error 32 112886 0352769

Table 12. ANOVA tfrom soft rot density experiment, 62 days after transplanting.

nggrrcr_e‘of Vanation  DF 3 SS - o Ms F
Intercept 1 14.6867 14.6867 385.2818
Blocks 2 0515974 0257987 B67¢ 7869
Density 1 0601105 0601105 1.57¢.902
Error 32 121942 0381194

Screening of Germplasm for Resistance
to TuMV Strains C4 and C5

Introduction

Preliminary screenings have indicated that resistance to TuMV strains C1., C2, and C3
arc commonly found in Chinese cabbage. Resistance to strains C4 and C'5, on the other hand,
is not often found. For this reason, the sereening of Chinese cabbage germplasm is done initially
with these two strains.

Materials and Methods

Thirty-five Brassica sp. accessions (577, 578, 581, 594-599, 601, 604-606, 609-611, 619,
620, 622-625, 627, 629, ~41-643, 648, 651, 653, 636, 659, 693, 728, 729) were sereened for
resistance 1o TuMV-CS and 13 new aceessions (784-787, 789, 790, 792, 793, 796, 798, 806,
819, 820) for resistance to TuNV-C4,

Inocula were prepared by prinding one part fresh 4. Juncea leaves, infected with either
TuMV-Cd or TuMV-C5 1 five parts phosphate buffer, containing 0.1% DIECA. Symptoms
were recorded 14 days i mocufanon. Symptomless plants and those with very mild
symptoms were checked by B ISA.L

Results

None of the tested accessions were resistant to strain C-5. Two accessions how ever, B648
and 653, included 75% and 669 of noninfectd plants. OF the new accessions only B819 and
B820 showed resistance to C4,

Conclusion

Resistance to TuMV strain CS is difficult to find in Chinese cabbage.
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Water Use of Heat-Tolerant and Heat-Sensitive
Chinese Cabbage Plants

Introduction

High temperature is detrimental to the head formation of Chinese cabbage. Circumstan-
tial evidence, however, suggests that the heat tolerance of Chinese cabbage depends on a
plentiful supply of water throughout plant growth and the ability of the plant to uptake and
preserve water. However, there is no evidence concerning the actual amount of water used
by Chinese cabbage with different levels of heat tolerance. So, the purpose of this study was
to determine how much water is used by Chinese cabbage under high temperature conditions.

Materials and Methods

Seedlings of B-33 (heat-sensitive, Chang-puh Late) and AVRDC Hybrid No. 62 (heat-
tolerant) were first prepared in small plastic pots with sand and soil mixture (1:1). Scedlings
at three weeks were later transplanted 10 wooden boxes (25 x 25 x 30 ¢m) filled with sand and
soil but underlaid with a 23-cin width PVFE sheet. PVF sheets served as water carriers and
as an extension through the bottom-side slit of wooden boxes (0 outside water containers.
The PVI sheets between boxes and water containers were covered with & dark plastic film
to prevent direet evaporation and algal growth.

The completely dried culture medium was first fertilized with 3.2 g of N, 1.8 g of P20s,
and 2.6 g of KxO per box before being poured into wooden boxes at 21 kg/box. The culture
medium in cach box was first equilibrated with water from the water container through PVF
sheets for two weeks before total water uptake was measured. Seedlings were later transplanted.
No top irrigation was given throughout the experiment; the PVFE sheets served as sole water
supplier from the water container. ‘Fhe sheets between box and water container were kept
at 20 or 30 ¢m.

The experiment was conducted in the greenhouse with mean maximum and minimum
temperatures of 35°25°C throughout the 4a-day growth period. There were three replicates,
cach with three wooden boxes, for cach variety and PVFE sheet length. Water taken up by
cach wwooden box through the PVE sheet was measured from the water loss in the water
container. To segregate the amount of moisture loss from the soil surface as opposed to that
being lost from the plant, three wooden boxes for cach PVE sheet length were filled with
the soil mixture at the beginning of the experiment, but without the Chinese cabbage plants,
and handled similarly as the treatment containers. These were used as controls and placed
between the planted boxes to provide comparable shading. Water used by the plants was
caleulated by the water loss ditference between the planted boxes and the average of the controls.

At harvest, head weights, plant fresh and dry weights, leaf area of nonheaded leaves,
and water left in the wooden boxes were measured. Water used, retained, and tran.pired were
calculated and subjected to analysis of variance.
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Results

Essentially, there was no head formation and head yield for B33 in this experiment.
The average head weight of AVRDC Hybrid No. 62 was 500 ¢. Our results confirm that
[ybrid No. 62 is heat-tolerant and B33 is heat-sensitive under our experimental temperature
conditions. Furthermaore, in terms of total fresh and dry weights, Hybrid No. 62 had better
geowth, than B33 (Table 1), Iowever, in terms ol total water usage by the plant through
transpiration and retention, Tvbrid No. 62 used much less water than B33 under both PVF
sheet-length conditions (Table 2). On the average, atleast 330 ml of water per day were required
for both entries during 43 days of growing period. However, the actual amount required would
depend upon the stage of growth,

Most of the warer urnilized by the plant was lost through transpiration; only less than
O 1% remained in the plant (Table 2). The caleulated water retention in the plant tended 1o
increase in Hybrid No. 62 both on the werght and the pereentage bases during the whole
growing period for both PV <heet lengths, The water retained in Hybrid No. 62 may be
attributed to leat thichness as well as head formation. Water consumption for unit dry-matter
production was higher in B32 than in Hybrid No. 62,

Canclusion

Heat-tolerant Hvbrid No. 62 plants, which produced heads and greater dry weight than
heat-sensitive B33 under high temperature conditions, utilized water more efficiently. Heat-
tolerant plants used less total water during the growth period. The water consumed 1o produce
aunit of dry matter s more efficient in Hybrid No. 62 than in B33, Our results support
the finding that the hean tolerance of Chinese cabbage depends not only on a plentiful supply
of water but, more important, on the plant’s ability to uptake water and preserve it within
the plant.

Table 1. Head yield and plant growth of Chinese cabbaje under greenhouse conditions
with water supplied through PVF sheets.

PVF (20 cm) PVF (30 cm)
B-33 No. 62  difference B-33 No. 62 difference
Head weight (g/plant) 0 595 s 0 530 ..
Nonheaded leat area (dm¥iplant) 83.8 £8.2 * 93.6 53.6 .
Total fresh wt (g/plant) 874 1352 . 927 1233 L.
Total dry wt (g/plant) 85 108 . 68 103 ns

Signibicactly et e, el 10 (s Y),accordimg to the et

Table 2. Calculaled water usage of Chinese cabbage plants under greenhouse conditions
with water supply through PVF sheets

PVF (20 cmy)

_PVF (30 cm)

e B33 No 62 difference B33 No. 62 diflerr 0
i al 5¢

Estimated total water usage 27 31 23.62 iy 30 40 26,89 R
by plant (I/plant)

Water retained within . .. ..
plant (ml/plant) 789 1245 840 1130

Calculated percentage . .
retained in plant 289 527 2.76 4.20

D alter 1
ry matter production 305 “18 . 348 266 R

ethciency (mt waterlg dry wt)
TSignihcantly ddlerent gt 10 Cha B (), and 1% (*»), according to the f-lest.
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Tomato Breeding

Crosses, Segregating Populations, and New Introductions

The tropical tomato program continued to bring in additional improvements to the
tropical lines. In 1984, nearly 100% of the new lines tested carried resistance 1o tomato mosiic
virus (ToMV). Sometime in 1983, the program started incorporating nematode resistance to
the outstanding tropical lines through the backeross method. In 1984, this activity continued
with more crosses made to develop nematode-resistant tropical lines and, in most cases,
combinations were also designed to incorporate the resistance through the backeross technique
(Table 1.

Table 1. Total and lype of crosses made in 1984 in the tropical tomato program.

) . Tropical Parent Stocks
Characters under Transfer: B e No. Crosses

HT.,BW,Tm2a,F HT.BW,Tm2a
Mi. Tm2a, large frun 6 7 15
M1, firmness, large trat(FM) 5 7 24
M, targe fra(PT) G 7 12
Mi, large Iruit, rel brmness 5 5 16
Wi, come BWR, medum fruit 3 7 10
BLSH, soma BWR, medium frun 6 7 13
Dark grzen shoulder 1 — 4
Alcobaca. dgdg 3 - 3
Others — — 65
Total 162

Legund M negatode resistianae gene. Tm2a = ToMV resistance, BLSR - bactenal feafspot resistance,
dgdg  dark green HT - heat tolerant, BW - bactenal will resstant, FM - fresh mirket type.
P processing type F fion

Apart Trom nematode resistance, special interest was also focused on additional
characters that the nematode-resistant donors could contribute, such as large fruit size, fruit
firmness, and, in a few cases, added resistance 10 bacterial wilt. Therefore, keen attention
was given to the choice of nematode-resistant parents to insure that additional desirable
characters were present, since the recurrent tropical parents invariably lacked them.

As part of the routine breeding activities, various segregating families were planted,
screened for appropriate traits, and selected or discarded. The familics handled ranged from
F2/DC2 to DCS (mainly from SSD) and BCI 1o BC3 populations. The latter was made up
mostly of crosses that were sepregating for nematode resistance, All in all, a total of 1142
seutegating families were planted for selection throughout 1984 from which 1427 individual
plant and/or line sclections were derived Tor further tests.

The breeding program received a total of 53 new introductions. These are currently being
evaluated for horticultural characteristics for proper cataloguing before they are used. In some
cases, a number of these new lines are already being used in crosses, especially when their
origins are reliable.
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Evaluation of New Germplasm for Heat Tolerance

Introduction

The search for useful germplasm that can be utilized in the breeding program continued
in 1984. Onc of the characteristics that have always been evaluated every year for new incoming
germplasm is the ability to set fruits under high summer temperatures in Taiwan. Some of
the older accessions are somctimes included for further confirmation.

Materials and Methods

A total of 82 accessions were tested for heat tolerance in 1984, Included in this trial
are two of the best heat-tolerant accessions and/or breeding lines in the program. In 1984,
these checks were CLETTIT-13-0-0 and BLOROT,

seedlings were sown on June 20 and transplanted on July 16, Each plot consisted of
a single 4.8-m-long row, with plants within the row spaced 40 cm apart. Rows were spaced
1.5 m apart. Since this was mainly an observational trial to sift out the promising acccssim’ls,
the experiment was not replicated. A more extensive test usually follows once the total entries
are reduced to manageable numbers.

On September 10, the fruit set among difterent entries was rated subjectively on a 0-10-5
scale, where 0 = no fruit set and § = high fruit set.

Results

Table 2 shows the distribution of fruit set scores among the different accessions and
checks. None of the new collections equalled the fruit-setting ability of the check cultivars.
However, three lines were rated medium to high set. Although it needs to be confirmed, the
Sri Lankan and Panamanian lines may possibly trace their pedigrees rom AVRDC’s heat-and
wilt-resistant breeding lines, since their respective national breeding programs have been
actively developing locally adapted lines with parental stocks from AVRDC. The cultivar
Saladette has been reported 1o be heat-tolerant in previous studies done in the United States
and Isracl. Our results simply confirmed past tindings. On the other hand, its ievel of heat
tolerance did not seem comparable to that of tropically bred lines.

Conclusion

Three accessions had moderate to high fruit-setting ability during the 1984 summer
scason. A more thorough analysis of their heat tolerance will be done next summer.
The parentage of the two lines from Panmna and Sri Lanka needs to be confirmed from
donors to insure that the breeding program is not simply *‘recycling” the original genetic
resources for heat tolerance when these two lines are ready for use in further breeding activities.

Table 2. Distribution of fruit set scores among new
introductions evaluated for heat tolerance (AVRDC 1984).

Scale Fruit Set Number of Entries
0-1 none - very hght 67
1.2 very light - light 10
2-3 light - medium 2
3-4 medium - high 3’
4 -5 very high 2y
Total 84

‘Consist of cultivirs T97 (from S Lanka), - 12 (rom Panama), and

Saladette (from the USA) YConsist of check entries BLG6807 ard

CL113113:0:6
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Diallel Analysis of Heat-Tolerant Parental Stocks
Introduction

The tropical tomato breeding program has identified and used in the past a number
of heat-tolerant accessions to develop improved lines for the tropics. Information on the genetic
nature and gene action of heat resistance, however, were limited.

Cienotypes vary in their ability to transmit desirable characteristics to their offsprings.
This information is essential in the proper choice of parents to use in the breeding program.
The type of gene action underlyving the inheritance of the desired trait also gives an important
clue in deciding the breeding methods that would likely be most effective 1o improve that
trait. In order to generate information on these points, a seven-parent diallel experiment was
carried out,

Materials and Methods

Gritfing’s Method 2 diallel mating scheme, which involves the use of all possible crosses
without reciprocals and the selfs of ali parents, wiis adopted in this study”. The seven parental
stocks used, cach with a varying level of heat resistance, were as follows: L3690, 1.229, 1.232,
L1076, 12991, 125, and 1.387. Genetically, the group carries a broad range of diversity since
some of the stocks, such as 13690 and 1.1076, are wild or primitive species; but both cross
rather casily with the other 1., esculentum parents. One of the parents, L387, is completely
neat sensitive,

Seeds ot all the possible FI's, excluding reciprocals, and selfs of the parents were obtained
in December 1982, The materials were sown on April 19 and transplanted on May 12, 1983.
The expernimental design was randomized complete block with two replications. Individual
plots consisted of two rows, 1.8 m long eiuch, in o raised bed, 2 m wide, with rows 1 m
apart and plants within the row, 40 cm apart.

Data on ruit set per cluster, antheridial cone splitting, stigma exertion, pollen production,
pollen viability, and a few others were collected from various entries with the assistance of
the plant physiologists. Standard analvses of variance were carried out for the different traits,
and only characters which were measured with sufficient accuracy tn the experiment were
further analyzed wsing the diallel method,

Results

Only fruit set pereentage and antheridial cone splitting gave fairly reliable results with
coelticients of variation (CV) of 15 and 12%, respectively. The other traits ranged in CV
from 40 10 4490 Pollen viability and pollen production were extremely difficult to assess
aceurately. Diallel analysis was carried owt, therefore, only on fruit set and antheridial cone
splitting.,

Table 3 shows that both general combining ability (GCA) and specific combining ability
(SCA) weie important for fruit set and antheridial cone sphitting in this experiment, implying
that additive and nonadditive types of gene action are operating on these traits.

Among parents, 1.3690 had the highest GCA effect for fruit set and thus, was able to
transmit the highest level of this trait to jts progenies in contrast to others (Table 4). However,
its variance for specific effects (15.9) was high, indicating that this ability was not uniformly
expressed in all crosses, i.e., some of its F1's had high fruit set, while the others were low.,
L1076 transmitted its fruit-setting ability more consistently to its progenies than the other
parents, although the level of GCA effect is not high, As expected, heat-sensitive 1,387 gave
a negative estimate of GCA effeet, and therefore, its F1 progenies with the other parents
generally had poor fruit set in contrast to the others.

* Griffing, B. 1956, Concept of veneral and specitic combining ability in relation to diallel crossing systems. Australian
5. Biol. Sci. 90 463491,
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The differences among parents in their ability to uniformly transmit high fruit setting
trait to progenies arc better visualized in the diallel array of specific effects (Table 5). As
may be noted, 1.3690 had tour out of its six possible FI's cum other parents with relatively
high SCA effects (enclosed in parentheses): but two had markedly lower values. In contrast,
all crosses of 11076 had lower SCA effects; but the magnitudes were more consistent
throughout its arrav. 1387, which had the highest variance for specific effects, had two crosses
with high SCA effects; but the others were low and the variation in SCA values was apparent,

Table 6 shows the crosses with high SCA effecs and how they compare with the mid-
parent (MP) and detier parent (BP) mcans. In all cases, these FI's held an advantage in fruit
set over the theoretical NP means and, with the exeeption of one cross (1.229/1.387), also
over the BP means. In the entire diallel set, there were six crosses within the range of
overdominant gene action, while the rest can be classitied under dominance/no dominance
gene action type (Table 7). The FI's in the diallel array were all statistically cqual to their
betior parents,

The GCA effects for antheridial cone splitting (ACS) among the different parents are
shown in Table 8. 13690 imparted the lowest tendeney for anthers (o split under high
temperatures, followed by 1.2991 and 11076, The rest of the parents had positive GCA effects
for ACS, indicating that they transmit mainly the undesirable ACS tendency to their progenies.
Among the desirable parents, 11076 had the Towest variance for specific effects, implying
once again, that it can transmit the desired trait more uniformly to its progenies than either
1.3690 or 1.2991 which had relatively higher variances tor specific effects.

Table 3. Tests of significance for general and specific combining abilities
on the components of heat tolerance in a seven-parent diallel experiment
(AVRDC 1984).

Source of Vaviation - Fruit Set (%) __Antheridial Cone Splitting
General combining ability (GCA) ‘e .
Specific combining ability (SCA) . * e

** — Highly significant at P = 0.01

Table 4. GCA effrcts and vaiance of specific effects (S?%si) for fruit setting
I seven-parent diallel experiment (AVRDC 1984).

Cultivar Fruit Set (%) GCA Effect’ Variance (S?si)
L3690 38.9 5.58 159
L229 355 2.47 16.6
L232 35.4 -0.19 9.8
L1076 35.0 144 0.8
L2991 246 --0.04 11.6
L125 16.5 -2.78 16.6
1.387 0 -6.48 21.6

‘General comtuning ability, positive effects mply transnussion to progentes of high
fruit-setting rate.

Table 5. Diallel array of SCA effects for fruit setting
in a seven-parent diallel experiment,

Parents L229 L232 L1076 L2991 L125 L387
L3590 27 (4.2) 0.4 (3.9) (4.1) (6.7)
L229 -3.8 2.8 1.8 19 (8.3)
L232 1.0 2.4 -56 1.2
L1076 3.8 1.3 1.2
L2991 (6.3) -1.2

L125 3.5
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The diallel array for specific effects of ACS is given in Table 9. It can be noted that,
with the exception of its cross with 1.387, 11076 had mainly negative values. On the other
hand, L3690 showed a wider range of variation in specific effects, although the better values
(those enclosed in parentheses) were rather high compared to the others.

All crosses with high specific effects had lower ACS tendencies than either BP or MP
means (Table 10). Even the cross 1.299171.3690 with the lowest SCA effect had slight

Table 6. Specific crosses with best SCA effects and the relationship of their F1 mean
fruit-setting rates to mid-parent (MP) and better-parent (BP) means.

) Specitic Fruit Set(2o) Advanlage(%) over
Rank Combination Elloct’ F1 : YT BT Ve
1 L229 x 1.387 8.3 26.3 17.8 -26 48
2 L3690 x L387 6.7 47.8 19.5 23 145
3 L2991 x L125 6.3 443 206 80 i15
4 L3680 x L232 4.2 53.6 37.2 38 44
5 L3690 = L125 41 495 27.7 27 79
6 L3690 x L2991 39 53.5 31.8 37 68
21 (L232 x L125) 5.6 214 26.0 -1 21
‘Positivie effects HNRLY G100 10 progenie, of nigh frat-setting rate YMid-parent. *Better
parent *Combntion wath the loweet SCA eifect included only {or compatison.

Table 7. Distribution of gene action types for high temperature fruit set
in a seven-parent diallel experiment (AVRDC 1984).

Type Mumber of Crossas Advantage (%) over BP
“verdominance 6 38 to 807
Dominance 15 - 25 to 37Y
Total 21

Mean frat et of 115 e signiicantly hugher in e crosses compared to better
parent (BF) YMean frun set of By ane msgnificantly different from that of BP

Table 8. GCA effects and variance of specific effects (S%i) for antheridial
cone splitting (ACS) in a seven-parent diallel experiment (AVRDC 1984).

Cultivar ACS Rating GCA Effect’ Variance (S%si)
L125 4.4 0.35 0.24
L232 4.2 0.40 0.34
L387 4.0 0.38 0.10
L229 3.6 0.16 0.18
L1076 3.5 ~0.06 0.09
L2991 28 -0.33 0.15
L3690 2.1 -0.90 0.47

‘General combunng Aty negatne effects mply transnussion 1o progentes of the
desirable v ACS o

Table 9. Dialle! array ot SCA effects for antheridial cone splitting in a seven-parent
diallel experiment.

Parents L232 L387 L229 L1076 L2991 Lgﬁg(l
L125 0.29 0.0! (-0.67) (-06.74) 0.22 (-0.60)
L232 0.16 0.38 -0.10 -0.33 (~1.26)
L387 0.40 0.12 -0.41 (-0.63)
L229 -0.16 (-0.59) 0.19
L1076 -0.37 ~0.09
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advantages over cither means. These advantages were insiguificant, however, when compared
statistically to the BP mean.

Three out of possible 21 crosses in the diatlel set had signiticantly lower ACS tendencies
than the better parent and may, therefore, be categorized as overdominant gene action type
(Table 11). The rest of the FIomeans were insignificantly ditferent from the BP means and
could belong to dominance/no-dominance pene action type.

Table 10. Specific crosses with best SCA effects and the relationship of their F1 mean
ACS ratings to mid-parent (MP) and better-parent (BP} means.

Rank Cormbination S_poAcnhvc Moan AGS Hatng? - Agyaq!ggg_(%)ove_r_"__
Effect: F1 MP BP

1 1.232 x L3690 - 1.26 1.2 3.2 -43 - 62

2 L125x L1076 ~-074 2.5 39 - 28 -37

3 L125x 1229 -0.67 2.8 4.0 - 22 -30

4 L387 x L3690 -0.63 1.8 3.1 -14 - 41

5 1125 x L3630 -0.50 1.8 3.2 -14 - 45

6 1.229 x 1.2991 -0.59 2.2 3.2 -21 ~-31

21 (L2991 x L.3690)" 0.48 22 2.4 ~5 -10
Neaative elfects mply tomisson o prodenes of low ACS ACS - anthendial cone splitting;
MP - mid parent BE Lttt patent SCombunation with the lowest SCA effect 15 included only

for comoat,on

Table 11. Distribulion of gene action types for antheridial cone spliting (ACS) in a
seven parent diallel experiment, AVRDC 1984.

Type Number of Crosses Advantage(%)over BP
Overdominance 3 -22 to - 43¢
Dominance 18 -2t to +14Y
Total 21

Mean ACH G e aanibcantiy [owen thae the betlor parent (BP) YMean ACS of Fi's are
insignihicantly, dittaent from that ot 130

Conclusion

A seven-parent diallel analysis of parental stocks with various levels of heat tolerance
indicated that the trait (here expressed as pereentage of fruit set) is conditioned by both additive
and nonadditive acting genes. Similar results were obtained for antheridial cone splitting, an
important component of heat tolerance. This congruence in results is interesting and is partly
supported by the highly signiticant correlation (r = - 0.67, Jf = 26) between fruit set and
ACS tendency in the experiment.

The resulte imply that both conventional breeding methods which take advantage of
additively acting genes, as well as FILEvbrid breeding, would be effective in developing varieties
with improved levels of heat tolerance. With the fatter, it is equally important to find
combinations that also nick well tor bacterial wilt vesistance, sinee this is another important
constraint o tropical adaptation. Based on previous results with diallel analysis of wilt
cesistance, it appears that this would be possibile and could be secured, especially if both parents
carry some levels of resistance.

Yield Trial of New Tropical Breeding Lines

Introduction

The tropical tomato breeding program continues to generate new lines for testing under
hot and humid tropical conditions. In 1984, nearly 100% of the new lines that were tested
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carried ToMV resistance as an additional improvement over the older tropical lines. In almost
all cases, the new lines under test were derived through the SSD (single-sced descent) method
which is usually carried out on a few elite crosses with appropriate modifications to speed
up the generation turnover.

Materials and Methods

Four trial sets were carried out on different lines in the 1984 summer. Three of these
trials involved new lines that were initially tested for heat tolerance and wilt resistance in 1983,
Of these, two were preliminary trials of determinate lines and one of indeterminate lines. The
fourth set was an observational trial of relatively newer SSD lines that were selected for heat
tolerance from the 1984 late spring planting in the bacterial wilt nursery.

The preliminary trial of indeterminate lines consisted of 30 entries, and two of Taiw a’s
fresh-market cultivars as checks. This trial was sown on June 5 and transplanted on Ju'r
6, 1984 on a randomized complete block design with two replications. Individual plots consisted
of two rows in a double-row raised bed, cach 4.8 m long. Spacing between rows was 60 ¢m
and between plants within rows, 40 cm apart. All entries were staked and lateral shoots were
pruned. The number of developing fruit clusters was kept at seven per plant,

The preliminary trials of determinate lines were divided into two batches. Bateh 1 which
consisted of 29 eatries was sown on June 5 and transplanted on July 6. The design was
randomized complete block with two replications. Individual plots consisied of two rows, 4.8
m long cach. Spacing between rows was 1.5 m and between plants within rows was 40 cm.
Although all entries were determinate, plants were supported with short stakes (0 minimize
fruit spoilage duce to wet soil conditions. Batch 11 consisted of 25 entries and was sown on
April 27 and transplanted on May 24, Plot size, design, and plant management were similar
to Batch I,

The observational trial of newer SSD lines consisted of 41 entries. This trial was sown
on June 19 and transplanted on July 17, The experimental design used was also the randomized
complete block with two replicadions. Individual plots consisted of single rows, cach 8 m long,
with rows spaced 1.5 m apart and plants within the row, 40 em apart. Again, the plants were
supported with short stakes to keep them from touching the wet ground.

All entries in the preliminary yield trial were also planted in the bacterial wilt nursery
to confirm their resistance levels. Four plantings were made consisting of determinate and
indeterminate lines, each split into two batches. The plant pathologists prepared the wilt
nursery by first planting a population of 1.390, susceptible host cultivar, and then artificially
inoculating them with the wilt pathogen. After most of the plants died, they were turned under
and the nursery was immediately planted to the test materials.

No Turther artificial inoculations were made and infection completely depended on the
natural inoculum. In all cases, the randomized complete block design was used. Individual
plots for determinate Hines consisted of two rows, cach 4.8 m long, and spaced 1.5 m apart.
Spacing between plants within in the row was 40 cra. For indeterminate lines, individual plots
consisted of two rows, cach 4.8 m long, spaced 60 ¢m apart in a double-row bed. Spacing
between plants within the row was 40 cm.

Results

Table 12 summarizes the performance of the best indeterminate tropical lines as
compared with the fresh market check cultivars. In all cases, these lines outyielded the check
varieties mainly because of their heat tolerance as evidenced by their higher percentage of
fruit set. Marketable yield of the tropical lines was at least seven times higher than that of
the best check cultivar, TSS#1.

Vine weight and maturity did not differ among entries, but fruit sizes of the tropical
lines were still smaller than those of the cheek cultivars, except CL5915-206-2-2-0 which
produced fruits of comparable size to that of TSS #1, though still significantly smaller than
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that of KY301. This particular line is, however, not as heat-tolerant as the others, although
it is still much better than the check varieties. In general, most of the lines showed relative
susceptibility to bacterial leafspot (BLS) which has become a serious problem during the hot
humid season. Only TSS #1 showed much less BLS infection.

Five untested lines belonging to the CL1131 series outyielded their sister line, CL1131-13-
0-6, the best heat-tolerant line from last year’s trials, in the Batch | preliminary test of
determinate lines (Table 13). The main advantages of these lines over the check were in their
vigor (as indicated by heavier vine weight) and in their relative resistance to bacterial leafspot
(except for CLIT31-65-13-0-1). In general, these new lines were not better than CL1131-13-0-6
in fruit size. Fruit set of all lines {except CL1131-65-13-0-1) were good with about 40% per
cluster or better for most lines.

A much higher marketable yield was obtained from determinate lines in the Batch 11
trial (Table 14). Two lines had comparable vields to that of CL1131-13-0-6 even though their
fruit set levels were significantly lower. C1.5915-93-1-0 produced fruits at feast twice the size
of those of the other lines. Bacteriul leafspot infection, which came rather late in the season,
was not too severe to atfect the outcome in this trial.

Table 12. Performance of indeterminate lines and heat-sensitive fresh market cultivars
in the preliminary yield trial (AVRDC 1984).

Pedigree Frut —  Yield (Yha) Vine Weight Maturity 8LS‘  Fruit Size (g)
Set (%)  1otal  marketable (kg/pl) (DAT) Rating mean range
CL5915-553-6-4-0 50ab 31a 26a 0.5 79 Shc 23bc 14-37
CL5915-553-6-6-0 51a 29a 23a 0.5 79 S5be  26bc 19-44
CL5915-553-6-5-0 50ab 28a 22a 0.4 79 5bc  20c 10-30
CL5915-206-2-2-0 31c 27a 21a 0.5 78 def 37b 21-61
CL5915-16-7-4-0 44abc 26a 21a 0.4 78 5bc  28bc 22-47
TSS #1 (Check) 151 3k 3n 0.6 80 29 33bc 20-65
KY 301 (Check) 2n 0.6k 0.5n 09 80 7ab  80a 34-100
CV(%) 14 26 25 25 4 16 19 -

“BLS = bactendl leatspot

Table 13 Performance of determinate lines and the best-yielding healt-tolerant check line
in the prefiminary yield trial of Batch | (AVRDC 1984).

Pedigree Frut __Yield (vtha)  Vine Weight Maturity BLS _Fruit Size (g)

Set (%)  total  marketable (kg/pit) (DAT) Raling mean range
CL1131-26-1-0-1-0 53ab 40a 2Ba 0.6c-g 74f-h 1.5 17e-y 11-26
CL1131-65-13-0-0 37a-c 32ab 26ab 0.7c- 74f-h 2.0 20b-g 15-34
CL1131-26-1-0 55ab 33ab «5a-c 0.6¢c-g 74i-h 2.0 161g 14-25
CL1131-7-2-0-9 43a-c 25bc 23a-d 0.5d-h 72gh 1.0 19d-g  16-43
CL1131-65-13-0-1 32c 24cd 22b-c 0.4e-i 72gh 5.5 18¢-g 19-32
CL1131-13-0-6(ck) 46a-c 17¢c-g 16f-i 0.2hi B4i 4.0 18e-g 17.26
CL5915-153-3-3 53ab 23c-e 20c-f 0.4e-i 741-h 5.5 24a-f 19-40
CV(%) 13 22 19 27 2 15

Table 14. Performance of determinate lines and the best-yielding heat-tolerant check line
in the preliminary yield trial of Batch Il (AVRDC 1984).

Fruit ) Yield (t/ha) Fruit
Pedigre DF: DM — .
edigree ~ Set (%) ~total marketable Size (g)
CL5915-136-1-0 21b 13 82 38 35 34h
CL5915-93-1-0 23b 14 82 38 31 66a
CL1131-13-0-6(ck) 37a 12 76 37 34 30h
CV(%) 13 12 3 24 25 10

‘Days 1o first tlowenng from transplanting YDays to maturity from transplanting.
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The observational trial of new SSD lines led to the selection of several entries with
comparable fruit set rates and marketable yields as the check line, CL1131-38-4 (Table 15).
However, most of the new lines had improved fruit size over the check and had generally
similar, if not better, vigor in practically the same growth duration. These newer lines have
not yet been checked for bacterial wilt resistance and it remains to be seen whether the large
fruited forms would carry adequate resistance.

The results of bacterial wilt sereening by natural infection in the wilt nursery turned
out to be undependable (Table 16). In almost all cases (with the possible exception of the
sp/Bateh 11 test), the level of mortality in the standard susceptible check was quite low and
less than S0%. In the sp/Bateh 11 test, this infection level reached only as high as 62% for
the susceptible check. The heterogeneity of infection was apparent from the high coefficient
of variation (CV) in almost all tests, except in the first planting. From these results, it was
not possible, therefore, to confirm the resistance levels of the different lines entered in the
preliminary yield tests.

Table 15. Best performing new SSD lines compared to the highest yielding check
in the observational trial (AVRDC 1984).

Pedigree Fruit . Yield (tha)  vVine Weight Maturity _ Fruit Size (g)
Set (%) totai marketable (kg/plt) (DAT) mean range
CLN95-77(D5)-1 44 44 37 0.7 bc 84 cd 33e 25-51
CLN91-139(D5)-1 34 43 36 1.0 abc 84 cd 41b-d 24-61
CLN91-392(D5)-3 46 44 oh 09 bc 86 bc 44b 24-52
CLN91-392(D5)-1 43 44 35 1.1 abc 87 ab 50a 29-80
CLN91-392(D5)-2 46 41 33 1.6 a 87 ab 36de 22-50
CL1131-38-4(ck) 36 34 29 0.7 bc 84 cd 25f 19-39
CV(%) 8 17 20 33 1 7 -

Table 16. General information on the series of bacterial wilt screening experiments
in summer 1984 with the natural infection method in the BW nursery.

Duration Group Numbgr of CV(%) e Infection(%)*
Entries range (L390} (L285)
5/17-7/11/84 sp*(l) 36 15 0-63 26 0
5/17-7/11/84 sp () 30 32 0-66 37 10
713 -8/22/84 sp* () 30 95 0-56 14 6
7/3 -8/22/84 sp {l1) 36 79 0-62 62 7

LU andand moot suscephible check. 1285 = standard most resistant check,
Conclusion

IFour sets of hot season trials identified new lines with better yields than the check varieties
(as in the case of the indeterminate tropical lines) or comparable to the best heat-tolerant
check line (as in the case of the determinate tropical lines). In several cases, fruit sizes of
the new lines were twice that of the check especially those in the determinate groups and
had better, it not equal, vigor than the check! In the indeterminate group, the largest fruit
size among the tropical lines was only comparable to one of the fresh market check cultivars;
but it yielded at least seven times more. The main advantage of the tropical indeterminate
lines over the fresh market checks was in the level of heat tolerance.

Al new lines tested in 1984 carried ToMV resistance and represented one of the major
improvements over the old tropical lines. An improvement in size also scems apparent,
especially in the newer set of SSD lines, but the wilt rsistance of the relatively large-fruited
forms needs to be confirmed.

No clear-cut results could be obtained from the sereening of lines by the natural infection
method in the wilt nursery. Unless the procedure is improved, the breeding program should
resort to the old seedling-inoculation scheme.
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Bacterial leafspot has become serious in the humid summer, and resistant sources need
to be identified and incorporated into outstanding tropical lines.

Yield Potential of Tropical Lines with Improved Drainage

Introduction

The Soil Science Department has developed the 60-cm bed height system where the yields
of older tropicai lines during the hot and humid summer season have been demonstrated to
be higher than those on the standard 30-cm bed height. A small experiment was conducted
to compare the two bed-height systems,

Materials and Methods

Two groups of materials were tested in this experiment: five determinate lines and five
indeterminate lines, Eacn group constituted separate experiments.

All materials were sown on June 20 and transplanted on July 16, 1964, The design wis
split plot consisting of two replications with bed height as main plot and line as subplot,
Individual plots consisted of two rows in a double-row bed, cach 4.8 m long and spaced |
m apart. Spacing between plants within the row was 40 eny. The indeterminate lines were
staked and pruned, and only seven fruiting clusters were maintained per plant. The determinate
lines were also supported by short stakes to keep the (ruits from sagging to the wet ground.
Horticultural and fruit quality data were measured in the experiments.

Results

Table 17 shows a summary of the analyses of variance for the determinate lines including
omy those traits which showed significant variance source. As may be noted, bed height
significantly influenced only fruit size and the extent of bacterial leafspot infection, but did
not affect vield at all. In contrast variation due to genotypic dilferences between lines was
significant in all cases,

CL3915-133-3-3 had the highest marketable yvield and highest fruit setting rate (Table
I8). Quality-wise, the lines varied in terms of pH, total soluble solids, and color.

The cffect of bed buight was manifested clearly on fruit size and BLS infection level
(Table 19). Plots on the high bed gave significantly heavier mean fruit weight than those on
the standard bed height. However, high-bed plots showed significantly higher BLS infection
rale,

Among the lines, CL3Y15-223-2-2 and 3915-39-1-4 produced the heaviest fruits and had
the least BLS infection {Table 20). In contrast, the two entries with the highest yields had
the smallest fruits and the highest BLS infection rates. It is clear that in this experiment,
fruit size and BLS infection did not play a significant role in determining the final yield of
the lines.

Table 17. Summary of the analysis ol variance for various characlers in a line x bed
height experiment on the determinate group (AVRDC1984).”

Source of Frat , Yield(t/ha) Vine Weight  Fruit Soluble¥
variaton  Set 0 0 O™ o marketabte  (kaiply Size () P Soligs  CO1O" BLSY
LinefS(L) . « . . . * . . . * x - .
Bed iteight(H) NS NS NS NS NS NS o NS NS NS *
LxH NS NS NS NS NS NS NS NS NS NS *»
CV(%) 9 13 3 20 14 23 5 2 9 8 9
‘Data nclude only these which indicated signiicance for any variance souice YDays to fnst
flowering trom tiansplanting “Days o matunty from transplanting. “Measured as °Brix.

YBacterial lealspot
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Results from the indeterminate lines were nearly similar to the determinate lines (Table
21). Again, bed height clearly influenced fruit size. It did not affect the rate of BLS infection
in this experiment, however. Days to flowering varied between bed heights and among lines.

CL5915-206-2-6 gave the highest marketable yield even though its fruit setting rate did
not significantly differ from others (Table 22). In terms of quality, the indeterminate lines
tended to have higher total soluble solids than the determinate lines in the other experiment.
Again, variation in quality aspects between lines were apparent. Except in one line, the rest
tended to be susceptible to BLS.

The high bed again significantly improved the fruit weight of lines (Table 23). Days
to flowering were also carlier by two days.

Table 18. Comparative means for various traits of determinate breeding lines
in the line x bed height experiment (AVRDC 1984).°

v . Fruit « _. Yield(/ha)  vVine Weight - w
Breeding Line Set (%) DFY DM total marketabie (kg/plt) pH Brix¥  Color
CL5915-153-3-3 46a 2la 86a 37a 33a 0.5bc 4.1ab 3.9b 22b
CL1131-13-0-6 36b 14b  75b 33a 26b 0.4c 4.2a 4.8a 1.7¢
CL5915-223-2-2 17¢ 17b 8Ba 34a 26b 0.8ab 4.2a 48a 2.5a
CL5915-39-1-4 16¢ 16b 88a 23b 17¢ 0.7ab 4.2a 54a 2.6a
CL5915-204-1-2 10c 16b 89a 18b 13c 0.9a 4.0b 4.7a 1.9bc

Al means e averaged across factor B (bed height). includes only traits where bed height had no
significant effects. YDitys to first tlowering from transplanting. *Days to matunty from transplanting,
“Measured as °Bnix

Table 19. Comparalive fruit size and BLS rating between low and
nigh bed plots in the line x bed height experiment’.
Bed Height fcm) Fruit Size (g) BLS Rating’
Low (25) 32b 5.5b
High (60) 37a 6.3a

AL means are averaged across factor A (determinate lines) YBacterial lealspot.

Table 2. Comparative fruit size and BLS rating among determinate
lines in the line x bed height experiment?.

_t_BAreedmrg_Lfr)g_r B Fr_yjt__Size (9) BLS Rating”

CL5915-223.-2.2 41a 4.2¢
CL5915-39-1-4 41a 4.8¢
CL5915-204-1-2 37b 5.8b
CL5915-153-3-3 28c¢ 7.0a
CL1131-13-0-6 25d 7.8a

A means are averaged across factor B (bed height) YBactenal leatspot.

Table 21. Summary of the analysis of variauce for various characlers in a line x bed
height experiment of the indeterminate group (AVRDC 1984).2

Source of

B __»Yield(t/hg)

Fruit Titratable

N S S AR v w
Variation DF total marketable Size (g) Brix Acidity Color BLS
Lines (L) » . .o . . . +x -
Bed Height(H) .- NS NS . NS NS NS NS
LxH . NS NS - NS NS NS NS
CV(%) 2 21 23 10 7 12 9 18
‘Data includes only those which indicated signihcance for any varnance source * —significant
al P = 05; * ez signihcant at 2 (1 "Days 1o fust tlowering from transplanting *Measured
as °Brix. *Bactiial lealspot
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Among the lines, CL5915-206-2-6 gave the highest mean fruit weight (Table 24). Days
to flowering also varied significantly among lines even though the difference was only one day.

Table 22. Comparative means for various Iraits of indeterminate breeding lines
in the line x bed height experiment (AVRDC 1984)./

Breeding Line - Yl?ld('l-/h——a')- - Brix¥ Titratable Color Blfs
total marketable Acidity Rating*
CL5915-39-1-2 176 14ab 5.9a 0.39bc 2.3a 6.0a
CL5915-206-2-6 24a 18a 4.4d 0.32c 2.1a 5.0ab
CL5915-270-1-1 8c 5¢ 4.8cd 0 40bc 1.6b 3.5b
CL5915-402-3-2 6c 5¢c 5.2bc 0.45ab 21a 6.0a
CL5915-214-1.5 15b 11b 5.8ab 0 53a 2.2a 52a
A INRANS dre aven wGed oo tacton B ied heht mckades ooy ot Shene bod feaedd Sad 0o
significant effoct: Reasred an e *Bactenal heat pot b

Table 23. Comparative days to flowering (DF) and fruit size botween
low and high bed plots in the line «bed height experiment’.

Bed Height (cm) DF Frant Size (g)
“Low (25) ‘ 182 32b

High (60) 16b 37a
A MICH s Gl et ) ot factor A ettt te: D) ey, 1o finst

flowenng from o pantos

Table 24. Comparative days lo flowering and fruit size among
indeterminate hnes in the line x bad height experiment’,

E{ggQung Line 7 7 DFY Fruit Size (g)
CL5915-39-1-2 17b 36bc
CL5915-206-2-6 18a 44a
CL5915-270-1-1 18a 24d
CL5915-402-3-2 17b 31c
CL5915-214-1-5 18a 38b

A it e eceranged acrons factor B oed heanh) YDays 1o trat flowenng

from tansplanting

Conclusion

Bed height did not aftecet the vield of the tropical lines during the humid summer season.
It had no significant effect on almost every character measured, exeept fruit siz > which occurred
consistently in both determinate and indeterminate lines, BLS infection (determinate lines),
and davs 1o tlowering (indeterminate lines).

The main difference between this experiment and those of the Soil Science Departiment
is the absence of the overhead plastic shade over the high-bed scheme. Under conditions of
heavy rainfall, fruit setting among lines could be aftected; and under shade, this effect would
be absent. In the present experiment, fruit setting differed mainly among lines (in the
determinitte group): but bed height had no influence at all on the trait.

Repardless of the bed system, the highest marketable vield in the best determinate line
was 33 t/ha. On indeterminate lines, the highest recorded yield was 18 t/ha.

International Trials

The tomito program distributed a total of 4,729 packets 1o 304 cooperators in 77
countries in 1984, This represented o 194% inerease over the 1983 seed shipment. Most of
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the lines distributed were improved types carrving ToMV reristance, in addition to the wilt
and heat resistance that the older tropical lines carried.

A few cooperators tiled reports on their trials. In many cases. these trials dealt with
the oid lines that were distributed betore. There is not much feedback on the performance
of the qlew tropical materials.,

Malaysia

Mr, Tham Wai Fong of Pusat Pengeluaran Tanauman Pangan reported the performance
Ol AVRDC s rropical lines in comparison to FP 59, local check cultivar, in a trial conducted
at Serdang (Table 23). Although CLIT04-71-3-3 was comparible 1o the local check in terms
of vield, its Truir size and will resistunce were inferior. C1LY-1-3 was considered the most
aceeptable as far as wilt resistance, and fruit size, shape, and color are concerned. FP 59
performed well, but its severe crack susceptibility makes it unaceeptable in the local market.

Dro AN Mokbtar of the Department of Genetics, Universiti Kebangsaan Malavsia,
reported that two AVRDC cermplasm carrving Tml oand Tm2a genes for ToNV resistance
are being used in his project.

Indonesia

The Tarwan Agricultural Technical Mission 1o Central Java tested 10 lines belonging
to the CLTTIEand 3915 series ina preliminary trial at BPP Borobodur, Kabupaten Megelang,
Four lines stood out in terms of overall productivity and wilt resistance. The highest vield
OF 83t ha was obtained from CLHTII-43-8-1 ina growth duration of 108 days. Very good
vields were also recorded on three other lines (Table 26). The resistance 1o bacterial wilt of
the best vielders ranged from maoderate o high, Fruit sizes of 1wo lines, C1.3915-93-1 and
CLIII-7-2-10, were abso better than the others. Their wilt resistance were at best only
moderate, however. fmpressed with the performance of the lines, the Taiwan Mission sold
harvest samples i the supermarket for consumer preference test.

Another AVRDC accession (1 13) was released by the Central Researeh Institute for
Horticultural Crops at Bogor under the name “Berlian'™. This line is highly resistant to
bactertal wilt and ¢ be grown in lowland elevations like the previous AVRDC lines, Intan
and Ratna, released by the Tndonesian national program in 197y,

Table 25 Best performing AVRDC lines compared with the local check
at Serdang. Selangor. Malaysia.

Entry Yield (t/ha) Fruit Size (g) Wilt Infection (9%)

FP 59(Check)” 62 18 " N
CL1104-71-4-3 61 34 37
CL9-1-3¢ a 47 25

ARG ) L i e g et e T bt e e D e b il feeistances,

frot ezee baape anet ool

Table 26. Best performing tropical tomato lines in a preliminary trial
at BPP Borobodur, Kab. Magelang, Indonesia.’

Entry Yield' (tha) DM Fruit Size (g) BW" Resistance
CL1131-4. 3-1 83 108 42 R
CL5915-93-1 66 110 78 MR
CL1131-65-13-1 64 1" 42 R
CL1131-7-2-11 62 108 68 MR

‘No statishicai v, prowdod on summireed dat "Range: of yield (10 entnes)
= 3349 tha Day o matunty dfier tanaplanting *Range of bactenal will reaction

(10 entnesy . 51
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Reunion

Using artificial inoculation, Institut de la Recherche Agronomique Tropical (IRAT)
screened AVRDC lines or those derived therefrom for wilt resistance and compared their
reactions to Roma, the check cultivar (Table 27). MST 25-7 showed the least wilt infection
(37%) and is one of the two highest yielders among the lines screened. This line was derived
originally from CL143 by rescarchers of the Sugar Industry Research Institute in Mauritius
and has spread in use throughout the Indian Occan islands. The other AVRDC lines swere
susceptible as expected. CL1S61 lines are processing types not bred specifically for the tropical
areas and, therefore, dc not carry any resistance o bacterial wilt,

Table 27. Screening for bacterial wilt resistance of introduced tomato cullivars
at Mon Caprice Station, Reunion 1983.

Cultivar Wilt Infection® (%) Production(g/plt
total marketable
Roma (check) 100 93 56
Rossol 93 470 310
MST 25.7¢ 37 1104 890
MST 32-1Y 67 1085 890
CL1561-6-0-4-3-3 100 369 166
CL1561-6-0-19-1-4 100 317 159
1.4094 100 591 KED)
‘Data obtained from artificial inoculation. YMaurttius selections from CL143.

Liberia

Cooperators from the Central Agricultural Research Institute at Suakoko tested 10
AVRDC lines. The best yielding line was CL1131-7-2-0 which gave a substantially high yield
over the local cultivar during the hot scason (Table 28).

Table 28. Performance of the best AVRDC line #nd the local check
in Suakoko, Liberia’.

Entry Marketable Yield” (t/ha) Fruit Size (g)
CL1131-7-2-0 19 17
Local (check) 0 ~
‘No statistical analysis provided YMaamum yield attained

Zimbabwe

Dr. M.D. Nzima of the Chidrezi Rescarch Station tested 16 AVRDC lines against
commercial cultivars from September to November 1983, Mean minimum temperatures during
the duration of the trial ranged from 13.7° to 18.6°C. The best yielding AVRDC line was
CL1131-38-4 (30 t/ha) as compared with Heinz 1370 (62 t/ha) (Table 29). There was no
significant difference in fruit-serting rates between the two cultivars, implyving that the main
advantage of the tropical lines was not expressed during the trial,

Table 29. Performance of the best AVRDC line and the most outstanding
entry at Chidrezi Station, Zimbabwe.

_Fruit Sot %

Entry Marketable Yleldrgt{hq)r o

Heinz 1370 ' 62 a 50
CL1131-38-4 30 ¢ 56
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Brazil

Dr. Simon Cheng of EMBRAPA-CPATU has been actively testing AVRDC tomato lines
for adaptation to the Amazon, and found CL1131-38-4 the best line for the wet, low-light
intensity season. In the 1983 wet scason, CL1131-38- gave the highest vield (although not
statistically different from others) over the local or introduced cultivars, and had no bacterial
wilt infection (Table 30). The main problenis its small fruit size. It has, however, been actively
used in their breeding program to develop improved cultivars for the Amazon. Its adaptakility
to dry season planting is acceprable; but other varietics. like Caraibe, are preferred for its

larger fruit size (Table 31).

Table 30. Production, fruit weight, and wilt percentage amony introduced cultivars
evaluated during the 1983 wet season (January-May) in Belem-Para, Brazil.

Days to FurstrHaryeslr Tp}ql leg!gi(t/ha) Fruit Weight® (g) Wilt (%)

Caraibe(1) 85 14 74 a 2
Caraibe(2) 85 13 68 a 14
Iguacu 89 7 38 b 71
Kada 97 9 40 b 32
CL1131-38-4 85 19 26 b 0

‘Means followed by diffarent letters are statisstically sigmibcant al p =005 on the
Tukey's test

Table 31. Production, mean fruit weight, and wilt percentage among
introduced tomato cultivars evaluated in the 1982 dry seasor,
(August-December) in Belem-Para, Brazil.

Cultivar Total Yield” (t/ha) Fruit Weight” (g) Wilt (%)

Caraibe 48 a 91 b 0

King Kong 50 a 108 a 12

Kada 36 b 70 c 16

CL1131-38-4 36 b 25d 0
‘Means followed by different letters are statistically signihcant at P=005 on the Tukey's
test

Nepal

Mr. Reshi of the Institute of Agriculture and Animal Science (IAAS) at Rampur tested
16 AVRDC lines against the commercial cultivar Roma and local cultivar Rampur Sano during
the sumner season in the plains when the tomato price was at its peak (Table 32).

Roma

Table 32. Performance of best performing AVRDC lines, local check, and a commercial

cultivar in a summer trial at Rampur, Nepal’.

Fruit Leafcurl

Entry (T/fg‘; DFHY Size ;reutllt VirlleW ;:;::v
CL1131-7-2 35 62 20 et H 24 2.8
CL1131-43-101 32 62 21 of H 38 1.6
CL1131-13-0-6 30 62 24 ef H 78 2.2
CL1351-1-9-10 25 70 22 ef M 0 2.4
Rampur Sanoflocat) 22 66 6 g H 0 1.2
Roma 35 71 35 ¢ M 21 3.0

ZAN figures are averaaes of thiee rephcatione YDays to hrst harvest H = high set, M = moderate
setl. AN indicatons of virus infection are lumped together as leafcur! virus. *Rated from

0 =nferor taste 10 4= good taste
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yielded the highest and scored best with the taste panel. CL1131-7-2, however, had the same
high vicld and a comparable taste aceeptability, in addition 1o a shorter growth duration.
According to Nr. Reshi, carliness is an important attribute for a variety to hit h Npal mark
arly, CL1131-7-2 also had the added advantage of higher fruit set during the hot season because
of its heat tolerance which Roma did not possess, 10 is apparent from the trial, however,
that the his advantage was not tully expressed as Roma still vielded relativly well compared
to the tropical lines.

Like the local variety, CLIIST-1-9-10 had no virus infection. Fruit sizes ot all tines tested
were much larger thare that of the local variety. Overall, NMio Reshi assessed the potential
of the tropical lines to be very pood for production in the Nepal plains during the hot summer
season, They are continuing the trials to come up with a recommendation to the local farmers.



Tomato Entomology

As in the past, entomological research activities in 1984 involved host plant resistance
1o insect pests, mainly tomato fruitworm, HHeliothis armigera Hubner (Lepidoptera: Noctuidae),
and cotton aphids, AAphis gossvppi Glover (Homoptera: Aphididac). In addition to these
activities, entomologists also participated in « multidisciplinary research on sex pheromones
in romato fruitworn,

Fruitworm Resistance in Segregating Populations
Introduction

Two polyphagous inscets, 1. armigera and Spodoprera exigua Hubuoer (Lepidoptera:
Noctuidace), are important pests of tomato in Southeast Asia, Both insects attack foliage in
the carly Tarval instars and fruits in their later instars, The major damage oceurs inside the
fruit. In 1980 ¢ntomologists contirmed fruitworm resistance for (wo Lycopersicon hirsutum
. glabratiom accessions. AVRDC s plant breeder has crossed them with cultivated tomato
to-breed a high-vielding tomao cultivar with fruitworm resistance. In 1984 the backeross
progeny, alone with the parents, were tested 1o study the inheritance of resistance and select
resistant entries which have wood horticultural characters,

Materials and Methods

I fate December 1983, three plants were selected trom the BC2E) popdation. These
plants had relatively high fraitworm resistance and feuits higeer than those ol the fruitworm-
resistant L. fursutn parent. The vesulting BO2E2 population was screened Tor resistance to
tomato fruitworm along with resistant and susceptible parents.,

The pedigree of the materialy serecned was as follows:

I CLI3S2BOTET-1392 (bulh)-BO2F1-366 0 20 CLS3S2BCIEL-1392 (940)-BC2F1-458
IO CTSIS2BOTR 1392 (940)-BC2F1-469 4. CLISYE-5-0-1-2-0 (susceptible parent)
SOT6WPHRT-A (resistant parent)

The seeds vere sown in flats and the seedlines grown in the greenhouse for four weeks.
I mid-March 1984 000035 ha ficld was rototilled and worked into beds 1.5 m o wide. Tomato
seedlings were transplanted inasinele row on cach bed at a distance of Im berween seedlings.
One row of suseeptible plants was planted atrer every nine rows of BC2F2 material,
and resistant parents were planted along the edee of cach row,

Fhe crop was raised dccording 1o customary cultural practices, except that no insecticide
wits applicd. A intervals, laboratory-raised fruitworm pupac were released to augment the
ambient insect pest population. Fach plant was evaluated twice by counting the fruitworm
damaged and total number of fruits, Once during the season, the leaves were sampled and
five first-instar larvae of tomato fruitworm were exposed over the leaves of each plant. Larval
mortality was recorded at itervals during five-day exposure period.
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Results

Damage ranged from 0 to 100% infested fruits per plant. The bioassay of leaves showed
0 to 100% insect mortality. Based on these evaluations five plants with the least fruitworm
damage were selected. To improve fruit size and plant type, more backerosses will be made
in the autumn of 1984 and the resultant progeny will be tested in 1985.

Conclusion

During the past two years of backerossing and resistance sereening, a fruitworm-resistant
progeny with bigger fruits than the resistant parent was selected. However, fruits were still
smaller than those of the conventional cultivars; therefore, further backcrossing and selection
are necessury.

Mass-Rearing and Sex Pheromone Studies on Tomato Fruitworm

Introduction

The tomato fruitworm lays eggs on the foliage, and the larvae bore into the fruit and
feed on it Once inside the fruit, this insect cannot be controlled casily by conventional means.
Frequent use ol insecticides increases production cost, poses health hazards, and induces
secticide resistance. To develop a broadly based integrated management of this pest, AVRDC
joined an interdisciplinary team sponsored by the National Science Council (NSC) of Taiwan
in November 1983, to develop female sex pheromones to combat this pest. AVRDC volunteered
to mass-rear this insect lor isolation and sex pheromone characterization and to carry out
field tests with virgin females and synthetic sex pheromone. In 1984, a mass-rearing technique
was developed and field tests were initiate in December 1984,

Materials and Methods

A large number of fruitworm larvae were collected. from tomato and corn in Tainan
county and first reared on host materials, such as tomato fruits, corn cars, mungbean leaves,
and water-soaked mungbean seeds. Since none of the natural foods were suitable for mass-
rearing this insect, we switched to an artificial diet. The diet (Bio-Serv. Ct. #9219) is based
on agar, casein, sucrose, wheat germ, salt mixture, celtulose, methyl parabenzoic acid, choline
chloride, formaldehyde, and vitamin mixture,

In order to decide on the most suitable temperature requirements, tomato fruitworm
larvae were reared on this diet at 20, 25°, and 30°C. The right temperature was one with
the shortest Tarval period and minimum mortality and abnormality.

For the mating and oviposition study, various containers were used ranging from 14 ¢cm
diam x 30 cm tall plastic jar to 60x 104 14 cm nyloa net cage. The ones that gave the
maximum number of fertile eggs were selected for routine rearing work.

Results

All host plants prolonged Tarval period and produced high insect mortality and
abnormalities. In many cases the larvae underwent six instars. On the other hand, the Bio-Serv
diet gave better results: minimum  abnormalities and mortalit . greater pupal weight,
and relatively shorter larval period. In all rearings the insect had only five larval instars. This
diet, theretore, has become the standard food source for rearing tomato fruitworm.

Among the three temperatures tested, 25°C was most suitable. At this temperature the
farval period, on average, lasted 16.5 days and the pupal period, 10 days. Larval mortality,
which initially was 40%, was now reduced 10 an insignificant level, Mortality increased at
higher temperatures.
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Mating and oviposition behavior presented the greatest difficulty. Insccts confined in
small containers laid mostly infertile eggs. Larger containers, such as the 0.7 m? nylon nct
cage, solved the problem. Placing the host plant in the container, scemed te stimulate mating
and oviposition. Adults were allowed to mate for 48 hours, after which they were confined
in a small plastic container lined with paper. The females laid eggs on the paper, thus, making
it convenient to transfer the egps for hatching,

Conclusion

The introduction of an artificial diet has made it possible to mass-rear the fruitworm
routinely. During 1984 over 14,000 inseet pupace have been supplied to three organizations
involved in NSC-supported projects for isolation and identification of sex pheromone.

Screening Hairy Tomato for Resistance to Aphids
Introduction

In 1982, AVRDC received a few segregating lines of tomato which had many trichomes
on leaves and stems. In summer 1984 cight relatively pure lines were obtained from these
plants for resistance screening (o tomato fruitworm. Since the cotton aphid population during
autumn was very high, these entries were sereened for resistance to this insect.

Mzierials and Methods

Seeds of cach entry were sown in plastic cups containing soil and compost mixture. The
seedlings were raised for one month in the greenhouse. A 0.05 ha picce of land was rototilled
and worked into 1.5 m wide beds along its length. These beds were further divided into three
10 m long plots. The seedlings were rransplanted to the bed in a single row, with a distance
of 0.4 m between plants in three randomly arranged replicates,

The crop was grown according to routine cultivation practices, except that no insecticide
was used. Three weeks after transplanting, when the aphid population was very high, the
number of aphids leeding on cach of the 10 plant samples taken from each plot was recorded.
The mean number ot inseets per 10 plant samples was analyzed according to Duncan’s Multiple
Range Test,

Results

A Lycopersicon hirsutum 1. glabratum entry, 76\W-P1134417-A, had the lowest number
ol aphids amongst all entries (Table 1). All hairy L. esculentum entries had significantly lower
aphids than the standard susceptible cultivar TK /0 which does not have hairy leaves or stems.
Some of the hairy entries were much less affected than the others,

Conclusion

Certain hairy entries of 1. esculentim and wild tomato, L. hirsutum f. glabratum,
showed moderate levels of resistance to cotton aphids. Since some entries were still segregating,
these will be puritied and screened further betore being used for a resistance breeding program.
Since 76W-P1134417 was least damaged and is already being used in the breeding program,
the presently available and all future tomato fruitworm resistance breeding materials will also
be screened for resistance to aphids.
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Table 1. Aphid infestation of selected tomato lines.?
No. of Aphids/

Entry Designation

10 Plants
76W-PI134417-A 15.3d
PT1394(2-2-2)-1-2-1-1 36.0cd
PT1€29(30-8)-1-8-1-2 40.0cd
PT1626(30-8)-1-1-2-0 40.0cd
PT1627(30-8)-1-1-2-1 41.3cd
PT1630(30-8)-3-4-1-1 52.3cd
PT1631(2-2-2 x CL1131)-15-1-0 53.0¢c
PT1632(2-2-2 x CL1131}-15-1-1 91.7b
PT1633(2-2-2x CL1131)-15-1-2 110.0b
TK70 239.7

Transplanting date Oct 26, 1984; observation date: Nov. 6. 1984 The means
of three rephcates were used. Means of each entry followed by the same letter
are not wignificantly different at the 5% level.



Tomato Pathology

Screening for Resistance to Cucumber Mosaic Virus

Introduction

Cucumber mosaic virus (CMV) is frequently found in the tomato production areas in
Taiwan and other Southeast Asian countries. The fact that no commercial cultivars are
available which carry resistance to CMV, prompted us to initiate a search for possible sources
of resistance in the AVRDC germplasm.

Materials and Methods

The following accessions were tested with the PEET strain of CMV: Accs. No. 431,
457, 474, 482, 518, 320, 338, 539, 540, 632, 633, 636, 637, 641, 643, 644, 733, 734, 883,
916, 917, 919, 1033, 1042, 1065, 1474, 1534, 1540, 1541, 1601, 1696, 1723, 1746, 1747, 1959,
2107, 2692, 3063, 3231, 3234, 3276, 3682, 3683, 3837, 3967, 4253, 4269, 4270, 4363, 4777,
5339. The inoculum was prepared by homogenizing one part fresh CMV-infected tobacco (V.
tabacim Xanthi) leaves inotwo parts (w/v) 0.01 M Na-phosphate buffer pH 7.0 with 1%
thioglycollic acid added. The plants were kept in the greenhouse for svmptom observation
(shoestring, deformation, mosaic, and mottle). Symptomless plants and those showing very
mild symptoms were tested by ELISAL The seeds were heat-treated at 78°C/48 hr to eliminate
any sced-borne tomiato mosaic virus (TMV),

Results

All accessions were found 1o be suiseeptible. However, two of the accessions (Aces. 1042
and 3339) contined more than 530% ol uninfected plants whose seed- were collected for a
second screening test.

Hairy Tomato as a Source of Resistance to
Cucumber Mosaic Virus

Introduction

Resistance or even tolerance (0 cucumber mosaic virus (CMV) is not ea<" found in
tomato or its wild relatives. While the search tor resistance is ongoing, some a. ry tomato
lines are being evaluated as a possible source of resistance to the CMV vector.

Thae behavior of aphids on the hairy tomato was wvestigated last year, and it was found
that although the average probe time was the same on the hairy and on the nonhairy tomato,
the total probe time and the total probe numbers were significantly reduced on the hairy
tomato. In the spring of 1984 the same hairy tomato lines were planted in the field and exposed
to conditions of narural infection.
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Materials and Methe s

Four hairy tomato lin.s {(2-2-2)-1-2-1, (30-8)-1-1-1, (30-8)-3-4-1, (30-8)-2-5-1} and one
cross between a hairy and nonhairy line {{2-2-2x CL 1131)-16-1 I3} were evaluated in the
spring of 1984 (date of transplanting to the field: March 15). Twenty plants of each line were
planted in single rows at 40 cm distance. Plot size was 1 6 m. A randomized complete block
design with four replications was used. The field was surrounded with two guard rows of
tomato plants planied six weeks prior to the rest oy the plants and artificially inoculated with
the PEET isolaic of CAV,

AU TS, 32, 47, 61, 75, and 90 davs atter transplanting CMV infection was assessed in
individual plants. Two leaves, one from the top and one from the bottom of cach plant were
collected and pooled for the LTISA test. The aphid population was counted at weekly intervals
in the same field and in six other fields, (three fields planted to tomato, and one ecach to
sovbean, mungbean, and sweet potato), with the use of yellow Moericke trap pans filled with
water (containing 0. 1% TWIEEN-20).

Results

By the end of the growing season (90 days after transplanting-DAT) the disease incidence
reached almost 100 in the nonharry cheek, but ranged only from 33.8% (Lin¢ 2-2-2)-1-2-1)
to 76.3% (Line 30-8)-3-4-1) in the hairy tines (Table 1).

The infection rates (r), the rite of disease inerease per unit time (sensu van der Plank),
were always significantly fower (P =0.05) for the hairy tomaio lines (Table 2). For the I3
of a cross between the hairy tomato line (2-2-2) and a nonhairy line (CL.1131), the r value
was intermediate (r=0.093519) between the parents, wiich had 1 values of 0.14643 and
0.030715, respectively. We assume that the intermediate ¢ value is correlated with an
intermediate number of hairs in the cross between the hairy and the norhairy tomato.

The aphid population in the field where the experiment was planted, was not much
different from that of the 50 other ficlds (Table 3). The highest rate of discase increase, which
was measured betweer 47 1o 73 DAT, was not associated with a high aphid poputation in
the field. Aphid population was highest at 17 davs after transplanting (Table 3) when CMV

Table 1. Reaction to CMV of hairy tomato lines and one cross between
a hairy and ponbhairy line under field conditions.

Disease i,.cidence (%)
days after transplanting

15 32 47 61 75 90
Nonhairy check 0 0 €.4 20.5 88.5 97.4
Hairy x nonhairy 0 1.3 15.0¢ 40.0 72.5 78.8
Hairy 1 (22-2)-1.2-1 0 3.8 17.5 21.3 25.0 33.8
Hairy 2 (30-8)-1-1-1 0 3.8 13.8 35.0 56.0 67.5
Hairy 3 (30-8)-3-4-1 0 3.0 13.8 40.0 71.3 76.3
Hairy 4 (30-8)-2-5-1 0 2.7 21.8 29.9 571 67.9

‘Each vaiue tepresents the mean of our rephcitor,
f

Table 2. Progress of disease by days and infection rate (r) of CMV.

Diseasc Progress (Logit) Infection Rate (r)
Nonhairy check -©.18318+0.14643  dayc 0.1463
Hairy 1 x nonhairy -5.77563 + 0.093519 days 0.093519
Hairy 1 (22-2)-1-2-1 -3 115540030715 days 0.030715
Hairy 2 (30-8)-1-1-1 - 4.45224 +0.0664766 days 0.0664766
Hairy 3 (30-8)-3-4-1 -5.17444 +0.0816049 days 0.0816049

Hairy 4 (30-8)-2-5-1 - 3.45798 + 0.0548405 days 0.0548405
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Table 3. Aphid population in AVRDC fields during the time of the experiment.

Aphid Population

Field e days after transplanting
L 17 24 31 50 57 54 71 86 93
A? 47 12 I T 9 9 1 3 3
BY 42 24 24 11 10 8 8 3 2
“The field in which the experment was conducted Average of aphid numbers collected in six Moericke
pans. Yaverage of aphid numbors collected s Moencke pans placed 1in six different fields

throughout AVRDC,

was not yet detectable in the plants. This may indicate that, although the virus was transmitted
by the aphids when the population was high, there was a latent period of approximately 15
days before the virus had multiplied within the plant tissues to a level sufficiently high enough
for detection by ELISA. Also, a high aphid population in the field may not necessarily have
to lead to a high incidence of CMV in the plants.

Corclusion

The hairy tomato lines show promise of lowering the rate of CMV development under
field conditions. A sccond field test is needed to confirm the results and evaluate if hairiness
should be considered @ trait for use in the CMV resistance breeding program.

Screening for Resistance to Potato Virus Y (PVY)
Introduction

It recent surveys of the tomato production areas in Taiwan, the Fhilippines, Indonesia,
and Malaysia, potato virus (PVY) was frequently detected. Generally, symptoms were mild
mottle, ycllowing, and veinclearing. Severe necrosis, vellowing, and reduction of the leaf
lamina were, however, often observed when simultancous infection with cucumber mosaic
virus (CMV) and tomato mosaic virus (Te MV) was present. Because of the frequent finding
of PVY and ity synereistic reaction with other viruses, a screening was initiated to explore
possible sources of resistance in the germplasm collection.

Materials and Methods

Because symptoms are mild in appearance, a screening method had to be developed
to make them more pronounced and casily rated. The following method proved satisfactory:
one purt virus-infected N. tabacum Xanthi (PVY isolate 1103) was homogenized in five parts
Na-Fhosphate bufter (0.1M, pH 7.4). The plants were inoculated when the first true leaf was
expanded. After two to three weeks, the top of the plant was cut between the 2nd and 3rd
leal, with alcohol-flamed scissors (1o prevent contaminaion with TNV);, and a second
inoculation was performed on one of the newly emerging side shoots. The plants were kept
in the greenhouse for two to three weeks after the 2nd inoculation when symptoms were clear
and could be recorded visually. Symptomless plants or those showing inconspicuous symptons
were tested by ELISA.

Twenty to 30 plants were usually inoculated, or fewer when not enough sceds were
available or when germination was poor. Seeds were heat-treated at 78°C/43 hr to eliminate
seed-borne TMV,

The screening included 14 tines of Lycopersicon sp., reported to carry PVY resistance
(Ace. Nos. VI.70, VL68, V1.80, VI 100, VI.101, VI.102, VL.103, VL104, VL1105, VLI06,
VL110, VLI, VL1112, and VL114), 61 randomly sefected accessions comprising some wild
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type tomato lines, L. pimpinellifolim, L. hirsutum, L. glandulosum, L. glabratum, L.
cheesemanii, L. peruvianum and crosses between these (Ace. Nos. 101, 160, 431, 457, 474,
482, 486, 509, 538, 539, 540, 632, 633, 634, 656, 637, 643, 733, 883, 905, 913, 915, 916,
917, 919, 920, 1033, 1042, 1064, 1065, 1474, 1475, 1531, 1534, 1536, 1537, 1540, 1541, 1601,
1696, 1723, 2107, 2692, 2711, 2712, 3028, 3063, 3188, 3231, 3234, 3276, 3682, 3683, 3837,
3967, 4253, 4269, 4270, 4363, 4777, and 5339). A few breeding lines and commercial tomato
lines were also screened (Ace. Nos. VLY, VL10, VL4, VLIi5, VL17, VL30, VLIS, VI.20,
VL2I, VL22, VL26, VL39, VLS8, VL60, 1.124, 1.203, L4128, CL 1561-6-0-1-5-3, and
CL 1131-00-43-8-1).

Results

Of all the tomato lines reported to be resistant to PVY, only one line, L. hirsutim
(VL111) proved to be resistant to the PVY strain used in this screening (Table 4). In the
screening of a randoin selection of AVRDC germplasm, only one accession, L. hirsutim
(L3683) was found to be resistant, having a discase incidence of less than 10%. Seeds of
resistant plants were collected and will be subjected to a second screening. None of the other
tomato lines screened were resistant to PVY.

Conclusion

Itappears that PVY resistance is not easily found in tomato and its wild relatives. That
only onc of the reportedly PVY resistant lines was resistant 1o our PVY isolate, may be
explained by the 