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Preface 

This publication provides detailed reports oil the research conducted at the Asian 
Vegetable Research and Development Center (AVRDC) during the 1984 calendar year. Because 

of the expense involved in its production, it will be distributed free of charge only to litbraries. 

Personal copies can be purchased for US $10.00 (please see "Publications Available" for 

instructions.) Readers who need only general in format ion about .,AV RI)C rese:urch are invited 
to requnest a coinplimentary copy 01' the (Center's 1984 Progress Repoi't Sn in ma ries. 

Al requnests should b. sent to tihe AVRI) Office of Iiformation Services, P.O. Box 

42, Shanhia, Tainan 74199, Taiwan. 
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Chinese Cabbage Breeding 

Screening New Germplasm for Heat Tolerance 

Introduction 

All newly acquired germpnlasi routinely passes through the evaluation process for heat 
tolerance and other iniportant traits. Iithe 1983 sum mer season, a number of such accessions 
were evaluated and sonic 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 tht 1984 summer season for confirnation 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. [he design was randomized complete block with two replications. Individual 
plots consisted of two rows, each 4 in long and spaced 50 cm apart within the double-row 
bed. Spacing between plants within the row was 40 cm apart. [Heat tolerance was judged frotn 
the percentage of the plants forming dense heads within an entry. Data on yield and other 
hc -icult ural characters were gathered I; 'er to compare them with tile standard check, ASVEG I. 

Results 

Of' 15 entries tested, three were rated heat tolerant. These accessions and their horticul
tural characters arc listed in [able 1. The results were not statistically treated because many 
accessions did not form heads and cannot be treated as inissing plots. The new heat-tolerant 
accessions were comparable to ASVEG I in terms of heading rate (100Xo), but harvest rates 
varied because some accessions, especially 13812, proved to be susceptible to soft rot. ASVEG 
I was still the earliest nmaturing and had tile 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 1934).
 

Marketable Days to Head Heading Harvest SoftAcc No./Cultivar Yield (t/ha) Maturity Weight (g) Rate (%) Rate (%) Rot (%) 
8808 16 50 525 100 91 8 
8812 10 44 414 100 69 
 30
 
Summer Sun 17 44 502 1C0 100 11
 
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% heading and harvest rates. The new accessions tended to 
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be later maturing and seemed more pione 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 studies. 

Combining Ability Trials 

Introduction 

The search for better tropical hybrid ,ombinations 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 I in overall performance has been found. Selection
of new combinations has been limited mainly to other aspects of cultivar acceptability, such 
as smooth leaf surface lexture, absence of hair, relative resistance to tipburn where this was 
possible, and reduced midrib cracking. 

Materials and Methods 

A total ot'47 new hybrid combinations was made in the 1983-84 winter season for testing 
on "nicking ability" in the 1984 sunimer. These new hybrids were sown on August 9 and
seedlings were transplanted on August 29. The design was randomized complete block with
t'.vo replications. Each plot consisted of two 4-m-long rows in a double-row bed, with rows';paced 50 cm apart and pla'its wvithin the row, 40 cm apart. The test included ASVEG I 
is the standard chcck. We also included in this trial an older form of ASVEG I for further 

comparisons. Yield and ot her hort icultural characters were ineasured.
 
A large set of crosses beiween a few lines derived from the TuMV 
 backcross program

(resistance to strain CI) and tropical inbred lines were also tested. Batch I consisted of 65 
crosses compared against ASVEG 1. This batch was sown on May 23 and transplanted on
June 13. Batch II was made up of 53 crosses tested also against ASVEG 1. This set was sown
ol .ine 18 and transplanted on July 9. Design ii both experiments was randomized complete
block with !wo replications. Inclividua! plots consisted of two 4-rn-long rows in a 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 measured.
 

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 Il1)

consisted of 22 ct ries (or combinations) tested against ASVEG I. The second set 
 (Batch IV)
consisted ot 24 entries 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 charmcters 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 I in yield and other horticultural characters were selected, however, for their better overall general appearance. These entries are listed
in Table 2 with their yield and other traits compared with ASVEG I. The older form of ASVEG 
I did not prove to be superior to 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 exception of # 52, most matured later than ASVEG

I 

1. Compactness (solidity) of the heads of all new combinations was comparable to ASVEG 
1. All listed entries had no soft rot infection. 



5 Chinese Cabbage Breeding 

In the Batch 11 test, none significantly outyiclded ASVEG 1 (Table 4). Most entries,except # 42, matured as eariy as ASVEG 1. Generally, maturity of most entries was ear:ler 
than in Bat,h I. The best entries had minimal soft rot infection (range-0 to 307o).

In the Batch III trial, five entries were clearly superior to ASVEG I in yielding ability
arid average head weight (Table 5). One combination, # 13, was also superior to ASVEG
I in the earlier trial. It is significantly later maturing than the latter, however. Yields among
tile best entries ranged f'rome 24 to 26 t/ha. Again, there were no appreciable differences 
betwcen entri :s in hcaI .omrpactness, as well as heading and harvest rates. All listed entries,
including, ASVEG 1, showved no soft rot infection in this test. 

Two combinations gave significantly higher yield and heavier head than ASVEG I in
the Batch !V trial (Table 6). One of' these, # 21, had tile highest yield of 30 t/ha in this
trial and was also superior to ASVEG I in an earlier trial. Another entry, # 19, was also 
bett e thai, ASVEG I in an earlier trial zilthough its yield of 24 t/ha in this test did not
substantially dilcr from that of ASVEG I (18 t/,ha). The maturity of the best Batch IV entries 
was not markedly different from that of ASVEG I as were their heading rates, harvest rates, 
and head solidity. All liste'd 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 

11 
12 

ASVEG 1 
CV, (%) 
CV -Coefficiernt 

(t/ha) 

19 
19 
15 
15 

of wa 

Maturity 

37 
40 
39 
5 

tlilorl 

Weight (g) 

580 
556 
451 

13 

Rate (J/o) 
97 

100 
100 

12 

Rate (0) 

100 
100 
100 

7 

(/) 
10 
3 
5 

49 

Table 3. Yield and other horticultural characters of the best combinations in the combining
ability trial (Batch I) 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 ,/b) 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-j 36 b 589 i .55 100 100 0
CV(%) 10 5 10 13 8 2 +Z 

ZCV ot more then 100;. 

Table 4. Yield and other horticultural characters of the best combinations in the combining
ability trial (Batch II) of crosses between lines from the TuMV backcross program
 

and thq tropical inbreds
 
Entry No. Yield Days to Head Solidity Harvest Heading Soft Rot
 

(t/ha) Maturity Weichl (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 3, 750 .52 a 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 lines from the TuMV backcross program
 

and the tropical inbreds.
 
Yield Days to Head Solidity Harw st Heading Soft Rot 

E (t/ha) Maturity Weight (g) (g/cc) Rate (%) Rate (01) (0/0) 
17 27 42 b-d 795 a .63 100 100 0 
13 25 45 ab 781 ab 50 97 100 0 
16 24 40 cd 730 a-c .64 100 100 0 
8 24 39 cd 720 a-c .56 100 100 0 

10 24 37 d 719 a-c .57 100 100 0 
ASVEG 1 16 39 cd 491 de .64 100 100 0 
CV(%) 14 6 13 12 5 9 + 

Table 6. Yield and other horticultural characters of the best combinations in the combining 
ability trial (Batch IV)of crosses between lines irom the TuMV backcross program and 

the tropical inbreds. 

Yield Days to Head Solidity Harvest Heading Soft Rot(/ha) Maturity Weight (q) (g/cc) Plate (Qo) Rate (%) (0/0) 

21 30 a 45 a-c P03 b .50 100 100 0 
14 26 ab 47 ab 791 bc .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-f .62 100 100 0 

ASVEG 1 18 c-I 43 a-c 537 f-i .62 100 100 0 
CV(%) 14 6 11 13 3 2 + 

Conclusinn 

A to: al of 165 new combiaations were tested against tile standard check, ASVEG 1, 
in five different sets ofIcombining abilho trials in 1984. None of the new hybrids in tile first 
set was clearly superior to ASVELG 1.However, some wvere selected ior further tests based 
on their better overall appearance. A nuniber of supcrior hybrids of lines derived from the 
TuNIV backcros,, prog'r'tm and crosscd with the older tropical inbreds proved markedly better 
than /ASVF.G I ill a series o1 :-elated tests. The be;i new combinations will be retested in tile 
1985 summer s.,ason. 

Stability of Entries in the Advanced Yield Trials 

Introduction 

Over the years, the tropical Chinese ca.bage program has performed a selection process 
to search for genotypes with stabIle perlormance over a reasonable iange of environmental 
vicissitudes even before tle new genotypes are entered in tile regional testing network within 
Taiwan. Through a series of plan ings Irom the beginting to the end of sunmner, it is possible 
to establish varying environmental indices; the perlormance of entries in these trials may be 
analyzed for stability of yield and other important characters. Only the relatively stable entries 
are then recommended to'r iclasion ilt the reCional trials. 

In the tropical (litcse cabbagc program, the ideal stable g.ettotype is normally defined 
as "one th. avcraur throughout Ie has 1((0which yields belter thtal t sumner, heading rate 
implying comiplete heat tolcrance, and h,,s 1011% harvest rate which indicates that soft rot 

,
intfctioa and other datlnag, llgfa.tct or+ associaicd with the adverse etivironmient do not have 
any significant inlitiCnee on that genolvpc" 

http:Prog-.ss
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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

II 5/25 6/15 
6/8 6/28

IV 6/22 7/1.2 

V 7/10 7/31 
Vi 7/25 8/18 
VII 8/9 8/29 
Vill 8/24 9/14 

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

After the slandard analysis of variance of eacl tril, a further analysis of stability using
tle me(lhod proposed by Fbcrhart 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 file 1983 report. For other traits, stability analyses were not carried out, but
conipalrisotis across plantinrgs were Inmade among selected entries to see cert.ainii trends. 

Results 

Table "7shows tie means and stability parameters (regression coefficient and standarddeviation from regression) fer marketable yield, head weight, and mnaturity. Three entries;ndicated unstable perfi orinance across tlre range of sunminer environienti. : WWCC (one offile checks), 82-50, and 82-50R. In several cases, these entrics had reeressiom coefficientssignificanlll different from unitv (b= I) and/or signi'icant dcviations from their respective
regression lines. In contrLast, six entries were stable as hndicatecd ,' their regression coefficients(hat were statist;cally equal to I and deviations of their tneans fr om corresponding regression
liles that were insignificant. 

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

Entry .... Yield. Head Weight .
 Malurity . 
mean b S 'd mean b S'd nean b S2d 

82-46 18.1 1.3 6248.3 1,2 3095 40 1.1 1.6
82-46R 19.0 1.4 2.9 655 0.9 2230 40 1.0 2.0
82-50 193 1.8* 2.6 678 1.5" 1946 41 1.3* 0.682-50R 199 1.6* 0.7 691 1.31 643 40 1.1

82-82 19.3 0.8 2.1 640 

2.4
 
1.0 3338 39 0.7 2.882-156 17.8 0.8 4.7 550 0.9 !622 40 0.8 1.2


82-157 17.4 0.8 
 4.5 532 0.8 1716 40 0.8 2.5ASVEG 1(ck) 18.0 0.9 3.7 567 0.8 1094 38 0.8 1.4

WWCC (ck) 159 0.1 * 15A,1" * 718 07 8448' 47 
 1.2 4.8
Grand 17.6 - - 616 -  40 - 
mean
 

% -- reqr-! ;inn o, ftciirit '." cl.eovi' 
 on Irorn r-qrnslor YYTei for signriicarnce of regression

cOatffricif! (b:) .iq Iii 1. * at : 05
11f).t1: ;tqiihIcint a I * sgnihcant at P -- 01 

A hrl-b,-hai, -. :A. and W.A. RuI ll. 1960. Stailitv paramler5 for comparing variclie,,. 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, three other 
entries such as 82-82, 82-157, and ASVEG I 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 (Table 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 ahout 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 better 
environments performed less than the average. In contrast, 82-50R gave a steep r.,gression 
line, indicating that in poor environnent it performed very poorly but improved over the 
average when the environment was most suitable. The spread of its points front the theoretical 
regression line was also evident. 

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

Entry Heading Rate y Harvest Rate y 

mean b S;d mean b S'd 
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 11.2 71 1.2* * 17 
82-50R 85 2.0 * 11.0 72 1.4* * 28 
82-82 88 0.7 8.8 76 0.8* 35 
82-156 90 0.6 1.5 84 0.2 13 
82-157 89 -0.5* 0.6 85 0.1 7 
ASVEG l(ck) 90 0.2 0.5 81 0.6* 27 
WWCC (ck) 63 5.4* * 33.0* 58 1.6" * 49 
Grand 86 73 
mean 

zb = regre F-o' coeficient. S-d deviation from regression YPercentages are 

transformed io aircin ,,' -- nd test for tgnificance of regression coefficient (b) is 
against 0 !) (. * iniqilifcanl at P- 05. * * -significan at P - 01 

Table 9. Comparative soft rot infection levels (0/6) among stable hybrids 
and check cultivars.' 

Trial Set 82-156 82-157 ASVFG 1(ck) WWCC (ck) CV(%) 

4 d 2 e 3 d 20 a 23 
1e 2 e 8 d 28 a 30 
1 e 3 e 4 e 15 a 25 

IV 4 d 3 d 9 b 11 b 29 
V 3 2 2 9 49 
Vt 2 0 2 2 21 
VII 5e 4 e 12c 14c 21 
Vill 0c 1 c 1c 6a 116 

Grand mean 3 2 5 13
 
zMultipte range test comparison of means is across colurmns (within trial).
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Fig. 1. (upper left)
 
Comparative stability of yield across environments

of three advanced yield trial entries, AVRDC 1984.
 

Fig. 2. (upper right)
stability of heading rate acrossenvironmerts of three advanced yield trial 

entries, AVRDC 1984. 

Fig. 3. (left)
 
Comparative stability of 
 harvest rate acrossenvironments of three advanced yield trialentries, AVRDC 1984. 

VWCC g.ave a relatively flat regression line, implying that regardless of the environmentit performed similarly. However, the deviation of its points from the line was highly significantmaking it rather unstable. Moreover, the line was not well above the average regression, whichmneans that under the more lavorable environments, this variety would be greatlv'outyielded
by other entries. 

For heading rate, the ideal entry is one with a relatively flat regression line at or closeto 100% (or value of arcsin ,.%-=90). This trend Ias evident on 82-156 and ASVEG
(Fig. 2). In contrast, moderately heat tolerant 
WWCC had a regression coefficient well overthe ideal zero with most of the points spread away from that line. In the case of harvestrate (Fig. 3), 82-156 also gave the Ilattest !ine close to the ideal level (arcsin -o-=90),indicating that throughout the summer its harvest proportions were consistently high. ASVEGI also appears fairly stable in this regard. On he other hand, WWCC had a regressioncoefficient that was highly signifIicam f'rom the ideal zero value.
Tables 9, 10, I1, and 12 further compared he stable entries against the most unstableWWCC for solt rot ilfection, soidity of head, heading efficie.cy, and vigor (expressed asweight of nonwrappcr leaves), respectively. Clearly, the stable entries 82-156 and 82-157 alongwith ASVEG I hid consistently lower soft rot infection levels than WWCC. The latter hadvariable infection rales, lending to be high especially during the early and lower insummer

later plantings, except in Trial VII when all entries had higher damage. Solidity of heads was 

http:efficie.cy
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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 Ill and IV. 

In terms of heading efficiency, ASViiG I had the best values while \VWCC had the 
lowest, implying that the latter LenCled heavier non-wrapper leaves relative to itsto produce 
heads. In almost all cases, the differences anong the entries w,'ere significant except in Trial 
I1.The foregoing resnItltsfurther supported by the data on vegetative vigor. WWCC hadare 
the heaviest non wrapper leaves throughou t the trial. In contrast, the heat-tolerant stable 
entries ant ASV[W; I generally produced only a little more than half as much vegetitive growth. 
This is true for nearly all trials except Trial IV. 

Conclusion 

A series of advanced yield tests in summer 1984 enabled the identification of three new 
hybrids with stable performances throughout the range of sumner environlenls. ASVEG 1, 

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

TrialSet 82-156 82-157 ASVEG 1 ck) WWCC (ck) CV(%) 

1 .50 .54 .61 .42 15 
11 .45 .54 .50 .40 16 
Ill .45 a .48 a .47 a .36 d 10 
IV .55 a .52 a .58 a .41 b 11 
V .56 66 .56 .47 13 
VI 48 b .56 b .68 a 47 b 2 
VII .49 .51 .51 .41 11 
VIII .50 .46 .53 .58 14 

Grand mean .50 .53 .55 .44 

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

Trial Set 82-156 82-157 ASVEG 1 (ck) WWCC (ck) CV(%) 

II 
.94 ef 
.75 

82 fg 
.78 

1.04 e 
72 

.78 g 
.65 

10 
13 

III .58 c .70 b .70 b .64 bc 8 
IV 1.12 b 1.21 b 1.53 a .97 b 11 
V .95 ab .81 bc .85 Pb .67 c 13 
V .84 de .84 de 103 bc .75 e 10 
VII .80 d .87 d .99c 62 e 9 
VIII .85 c .85 c .92 c .66 e 5 

Grand mean .85 .86 .97 .64 

Table 12. Comparative vigor (nonwrapper leaf w. jht) of stable hybrids 
and the check cultivars. 

Trial Set 82-156 82-157 ASVEG 1 (ck) WWCC (ck) CV(%)
 
I 700c 759c 741c 1274a 9 
1I 661 b 601 b 695 b 1050 a 11 
III 791 b 680c 727bc 1174 a 10 
IV 637 ab 563 bc 442 de 724 a 
 12 
V 734 b 724 b 662 b 1054 a 11 
Vi 578 c 595 c 530 c 931 a 9 
VII 643 b S?2 c 536 c 1048 a 9 
VIII 504 f 482 1 511 1 909 a 6 

Grand mean 656 625 606 1021
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the standard hcat-tolerant check, was also fairly stable; WWCC, the other check, proved tobe the most unstable. The average yields of ihdese new hyrids, 82-156 and 82-157, ovre onlyslighily better than thc acrage, however. Their main advantage over ASVEG I is ill overall 
appearance, as tlhey have siootlhcr leaf ih.\turc, arc hairless, and more erect.

Under severe hcat and moisltire stress of sUmliler, lhev maintained more turgidity tIan 
most other entrics, includin,, A.SVl-G I. Since the ,c new h'brids tended to have thrifty growth
like ASVG I1, it could be worthwhile to explore population densitv as a means to m1axiniize 
per unit area yield. Tie stable cnltrics %kill be entered in thc 1985 recional trial l'or l'urther 
colparisons wilh local commnercial lybrids. 

Further Improvement of ASVEG 1 

Introduction 

In the course of further testing of ASVEG I during tile past two years, it has been recogn ized that smoolh leaf charactcr is a desirable trait for tihe hybrid to possess. The original
ASVE( I po sscd this trait to soei Cxlnl, but a sligiht chmlnie took place curiing its prcviotls
.sced prodictiol c vcles. ASV'I(i I 1nmi al-pears. to, be 1i1ore, dark green wit i finely puckered
leaves, bill scens more toleranl to slress aid diseases, :spccially sol't rot. 

In addition, \e ha'c been able to isolate Stroigly sclf-incoii palible types froml its nlale 
parent inlsead of oily troum the female side. Ihis will iiake seed production more economnic-l,as seed blending Illay n1o\\ be feasible (se iemmesection oi this aspcct). Nonethcless, colsiller 
pref'crence i alpparcntly for sioolther ICl,' s dluring tile su1nier; aMid thus, wc decided torecaplure the sinooth-lcal orniI of the hybvrid. Icniale sibs 'rom old sed lots of ASVEG Iwere rccmo'ered and croscd %kill dilfern, male parn,:it plants. 

Materials and Methods 

A total of 50 crosses or entries wcrc coinpared to tlie ,rigimnl and newer version oftle hybrid for a mninber of, horiicultural chriacters. Entries were sowi oil .lune 26 andtransplanted on .Julv 17. A,,nolher batch wvas soin ii hc middle of' the summcr on July 25
<nm~l tra:.,Fland on ,.\uit 20. At aiou lhciding time, whlen the morphological dissimilariliesbetween thc to\%o foriiis usually becoei, appaicunt, each cros was observed foI tl Ir resentlblance 
to cilhcr of theih o hybrid Iforis. Yield and ollcl I'orticultural characters were miasured later. 

Results 

All the i'\%crosses decit._1ed (o sealch.lfor lcss crinkled formi of, ASVI-( I did io dil'fcrmorphologically fron liet fatter. In cris of yield and othcr icasirablc characteristics, Ihere
 were no sigjnifcant diffecrencc bcle,,cii thli in\ cioscs aid ASVF(i I in the f'irst rial, except
in overall vegetati\c o'k tlh ald Iccl of soft rot 
 infcclion ( Fable 13). No firt her measurement
of yield ald other charactCrs \\iis done in the SCcond trial wlien it bccanc apparent that the
clries wemc not difTerent morpliolo, ically fill ,\SVF( I. Since grotlh did not seem to affectyield itself', n1o firtlher sclcciioll for a rllic'cillcnl to ,.\S\At,; I was made. So ft rot inf'eclion
level, anolhi characcr lha sl"11'(ed considcrablc 'arialion aniloi entries dcspite tile hihel
coefficicnlt of 'a. ialion (5 n.'N,), iiot coinsidei ed cit icr, siice lte rae oft lie least infccted 
cross did not siLilicalltlyldiflci front ihi of A.S\'lG I. 

Conclusion 

[Ft-her iLtr'rosss of is '.\ilhiu ASV,G I did not alter the gcneral morphology of'[he hybrid. lhc sliglit chlntcs obs rvcd a1io1g he inlCrrosscs did not' \',arrallt replaciig thepresenlt f'orm of ,ASVi( I .,Allhollh the present f'orm hias tIe disadvanitage of hIvin;g rclatively 
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puckered leaves, 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). 

Yield Days to Head Growth HER' Heading Harvest Soft 
Ciei (t/ha) Maturity Wt (g) (g) Rate (/) Rate (/) Rot (%) 

ns ns ns ns ns ns *YSignificance 
CV(%) 21 4 15 11 14 6 13 50 

'Heading efficiency ratio Lnes with least soft ro infection did not differ significantly from that ot 
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. li tle past, we harvested ASVEG I seeds only 
from the female lite which possessed a strong self-inconipatible allele. In contrast, inc:)mpat
ibility on the male line has been practically absent until two years ago when we succeeded 
in isolating relativdly strong allele from its sibs. 

ResuIts from otir studies since then indicated that differences, if any, were negligible 
between FI progenie,, derived from male and female line (see previous reports). This year 
we extended this investigation to make ati unequivocal conclusion on whether seed blending 
is possible in the sced-mult-iplication of ASVEG I. 

Materials and Methods 

Three kinds of sceds were used in this expcrimcni, as follows: direct cross seeds, or 
seeds harve.ied froin the regular female parent, E7; reciprocal seeds, or seeds harvested from 
the regular male parent, 1318; arid blended seeds constituted froi a 1:1 mixture of direct and 
reciprocal seeds. 

All sced types were sowit ol .1ily 25 dd seedlings were transplanted on August 20. 
The experimental designi was r:tndolmiZed con plew block with four replications. Individual 
plots consisted of' two rows, ,aich 4 11long and spaced 50 cat apart within the double-row 
raised bed. Plants within the ro\, were spaced 40 cn iapar. 

Prior to tratsphinting, seedlings of each lype were observed for frequency of sibs or 
selfs. Sunspected sill., %wer also transplanted to tie ield Ifor further observation and final 
veri fication. 

Yield and other bortic diural characters of entries \eei measured for comparison. 

Results 

Comparison of meac., for various traits showed ito significant differences anmong the 
three seed types(Tablc 14). Altltoutgh lie reciprocal cross showed a Iu/a sibbing rate, this was 
negligible it! practical erns. IL stlrotg self-itc utipa tibilit v of tie female inbred, E7, was 
apparent again from the cro sibbi itg rate in tle direct cross seeds,thUs, confirming previous 
observations. The scli-i;nco-maibility of the male line, 1318, appeared to be adequate. 

Conciusion 

Results itndicate that seed blending is a real possibility oit ASVF7 I . The blended seeds 
did not difler from titlie !lie direct and reciprocal cross in all measured traits. The possibility 
of seed blending opens up ain avenue '.or 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 Crowlh HER' HRX HDR4v SoftSeed Rate (%) (t/ha) Weight (g) (g) (%) (0/) (0/) Rot (%)
Direct 0 14.9 35 468 938 1.0 98 100 3Reciprocal 1.2 14.7 35 455 919 1.0 99 100 1Blended 0 14.4 35 454 946 0.9 97 100 3

'DM = days to malA'ty from transplanting YtER - heading efficiency ratio XHR = harvest rate. 
'HDR .- heading rate 

Hakuran Backcross Program
Introduction 

The attempt to transfer the r,.sistance to downy mildew ()M) and soft rot of Hakuranto tropical Chinese cabbage conltinued in 1984. New backcross families derived from selfingor repeated backcrosses of 1983 selections to the recurrent tropical stock were developed inthe 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 (21.3 to 13C4FI were sown on September18 and transplanted to the I)Mnursery on October 12. Population sizes per family variedbut were generally 150 plants or more. Plots consisted of double-row beds, with rows spaced50 cm apart and plants withil rows, 40 cm apart. Every four rows of the segregating familieswere followed by a row of the spreader cuhtivar, PIing-luh, a highly susceptible DM check.The entire eperinental area was also enclosed with two external rows of this inoculum source.The recurj,.mt parent, B129, and lie resistant donor, Hakuran (11639), were included
for comparison. Selection for the most 
resistant segregants froth the best families was madeon November 27. Originally, lte screening for DIM resistance was to be combined with tests
and selection for soft rot re.,istatncc. However, the cool temperatures during 
 lie head-initiationstage were otl ideal for soft rot resistance screening. This phase was,therefore, eliminated
 
in this platnting.
 

Results 

Three different backcross generations yielded useful selections as far as )M resistanceis concerned (Table 15). Many families were either completely susceptible or not resistantenough to warrant further selection. Selection rate was about 3 to 4%. In general, the familymeans for I)Minfection rating or infection percentage were no longer comparable to thoseof the 1-lakuran paretm, except possibly to the family originating frotn the 13C2F3 generation. 

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

SelecticnFamily InfectionGene Total --- ~~---
- r:o. o rating 0(B6391B 129)//-I/-6/RP BC4F1 161 7 4 2.8 12.9//-1-2/RP BC3F1 152 4 3 3.1 14.5 

//- 10-3(X) BC2F3 176 6 3 1.6 3.6
B129(RP) - 43  - 2.1 7.9B639(SR/DMR donor) - 43  - 0.6 0.8B14(DMS check/source) 1.658 - 3.1 14.5
 

'Famly me r!n taken iorn ranoorn !;anple of 20 plants per family,
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The relatively low downy mildew rating tr he recturrent parent (13129). a highly 
susceptible cultivar, was more dl,; to ertvironental rather than geneoic factors, as tihe 
inocurn spread in tile rtlursery was not too tinifoni at the out set wheni tile ratings Were made 
by pathologists. At selection time, however, the entire plot was nearly wiped out by down 
mildew and .nly the trul\ resistant ones remained green. 

Fom tle 1984 data, it scetms that the levels of' dowiNy tildew resistance in the more 
advanced backcross fuiti Iles were lower thgn in the earlier generations, such as I3C2, although 
it was still possible to select plants swith usable resistance level,. Nevertheless, tile resistance 
in these selections s, as no lo;gCr cot uparable to tile strong resistatte of lak uran. 

A l'urther cotilparisoi of1 l'aitilie from di ffercitt backeross generations is given in Table 
16. It should Ie noted, howeer, that filial ,.-ncratlion in each backcross generation varies. 
The averae Lo\\s\nvmildew%infection rating atd inl'ection perccntage of' W125era Families in 
the 3C213 genera io were much lower than those ot" the 13'3 and BC4 families. The above 
evidence is VCr\ prelinitttary and iuCes It0 tttcquivocall, indicate tlhat the downy mildew 
resisiancc cenes in I lakitran reside itt the ,It'cea rather tltat de.irably in tile ('wfl)Lris 
geIotMe: if so, resi1,tittcC %NHllhe Cotib )ltall\ylost as tile plants eliminate the extra olelracea 
chronltosotti. witt rpelated hIackcrosses. This possibility exists, hoever, ;td would be 
paratiotti in further cottsidcratioit of' laklran aiso uel'tlgncetic risource fr downy mildew 
resistance breeditt. 

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

Generation Number of Infection 
Families Rating 

BC2F3 7 1,9 6 
BC3Ft 6 3.0 13 
BC3F2 5 2.7 11 
BC4F1 7 2.8 iq 

'Cieneraior ,:'-,n I [rfusertieu by 20 random plant samples per family. 

Conclusion 

W\e corntinued to backcross, test, and select derivatives from the Hlakuran backcross 
program to imtprove the dowtny tiIdew and soft rot resistance of tropical Chinese cabbage.
IPrelitinary evidence fronti a comparison of di ffcrent BC families indicated that more advanced 
generations tended to have low'et levels of DNI resistance. This subject needs to be futrther 
investigated before Ilaktitan catl be disrega,'d zd as a genetic resource in the improvement of' 
tropical Chinese cabba'ge. 

Heat Tolerance of 

Tropical Inbreds x Hakuran Backcross Derivatives 

Introduction 

In evaluatin teli I laktran backcross derivatives in 1983, some lines in tle advanced 
generations were observed to exhibit sufficienli uniform ity for heading and a close resemblance 
to the Chinese cabbage recurretit paret. Two of tile selected lines were, therefore, mated 
with some of tie tropical inbreds to initially observe their combining ability. 

Materials and Methods 

Thirtv-ihree contbititions were evaluated against ASVEG I in summer 1984. The 
rccurrett parent stock, 13129, and the donor parent, -lakttran, were included mainly for 
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comparison of overall morphology wit Ih the hybrids. Enl rie,, were sown on July 10 and seedlings 
were transplanted onl .July 31 in a randomi/ed complete block experiment with t ss o replications.
Individual plots consistcd of tsso rows, 4 i long, il a donble-row bed. Rows within the bed 
were spaced 50 cn apart and plants within the ilow, 40 cn apart. Yield and other horticultu:al 
characters wr.'re nastured from entries s,hich head,:d. 

Results 

The best pc., form inge,coiniationl yielded 21 t/ha in 45 days after transplanting, had 
100% headinei altnd harvest rates, avera.ed 635 g/head with solidity equal to, if not better 
than, ASVIL( 1, and diov cd i sor't rot infection (Fable 17). Its differences with ASVEG 
I -,\ere statistically insic iieam, e\ccpt ill maturity vwhere the latter proved to be earlier. In
Comparison v,itll tie rectllr,.il paicnt, 11129, the best combinationis yielded better, matured 
earlier, produced sicimificamily heaicr hcads, and had higher heading and harvest rates. Under
the nlatllral soft rot epiph ,tiics in the field, ho\veer, they showed no advanlage ovr 13129 
wvhich did not shok any illfctiln. 

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

Cross No f-toadlluld Sohdity HRY HDRI Soft Rot
 
f.(/fha) Wuog t to) fglee) . (~o _ _) (0) (0/0)

10 21 45 :-f 635 t,5 a .64 100 a 0 
7 20 ,16 c-e a4 686 58 94 ab 100 a 5 

31 19 ab -16 c-o 578 SC 60 100 a 100 a 0
ASVEG 1 18 a- 38 g 553 bc .61 100 a 100 a 0 
B129(RP) 8 k 51 at) 323 1 64 63 e 70 b 0 
tDM .dM y t it r,,' '[Nt, 1I r [ , [ )j .I h v ; rih, heil[) late 

Conclusion 

\ 111111ber i' conl hinatioti, bet weet lines derived from 1-lakuiran BC and tropical inbreds
perl'ormed ctmparalbly to AS\'IG I aOd w\ere siperior to tie rectirrent stock 13129 in almost 
every trait neasured, except head solidityv a.:d nat tral soft rot intfection level. Heat tolerance
 
amon, tle selected lite'. front lithe 
 I alakurai backcross program appears already sitfficient,
 
as shown hv its hilh Ict el il tlie coill biat ioits. Selection for lilies that show good disease

resistance and better hort icttltraf attribiutes should itmprove tie us,ability of these combinations. 

Cytosterility Backcross Program 
Introduction 

The ierogram to tratsler the cytoplasinic sterility ((,\IS) fron radish and mustard (B.
junceaj into tropical ('hinese ,.-abbae continted. As in,iiotioned in previous reports, this
mechanism could be a viable replacement for self-incolipatibility. Tile technilue involved is 
simpler and its sterility is more stable across enirOllilleliits than that of' self-inconipatibility.

A prograMit usting ,1ore advanced radisi-derived (NIS materials with improved nectar 
glands \ere restarted. In1additim, otier ('S ,ources were esplored and one from India which 
w%'a5 originally dtliscd Itiiit Intsitrd \s as obtained. Tiese matlerials have [een the subject of 
our attem iomi ill the la-t to seair,,. 

Materials and Methods 

A total of 35 Hi!P,,3A families of radish-derived CMS materials were planted. Eleven
families of this batch originated from backcrosses to 7251-1, a elf-fertile heat-tolerant inbred 

http:rectllr,.il
http:avera.ed


16 AVRDC Progress Report 1984 

with a good combining ability, as recurrent parent. The other 24 families belonged tobackcrosses to CTI-27 and CTI-32, both self-fertile selections from an open-pollinated tropicalcultivar. Population sizes varied amnong farnilies depending
generally ran..,ged tip to 165 

upon availability of seeds but
plants per family. The recurrent parents were included forcomparison and as pollen source for further substitution crosse.,. Selection for dark greenleaf color was prct i;ed at scedling stage. All severely chlororic plants were discarded and

only the selected plants were vernalized. 
At flowering time, five open flowers per plant were sampled for observation, especiallyof tie nectar gland which has always been a serious liiit ation inradish-derived CMS materials.Final selection of plants for use in furtlher backcrosses included only those w,,ith none orminimal chlorosis (at seedling and mature stages); relative absence of diseases, such as downymildew and turnip mosaic virus; improved iectar gland, and better pod and seed fertility.Ol su listtitttio crosses with niustard as tie (.'NIS source, we planted a total of 17 familiesbelonging to BC I to BC3 generations. Six families had 13-18 as the recurrent parent. B-18is a self-oillpazible tropical iibred \sith l1 good combining ability. 'he rest were backcrossesto 13129, an open-pollinatcd tropical cultivar. Again, preliniinary selection was practised atthe seedling stae for relatively normal leaf color, discarding the scverely cllorotic plants in 

fhe process.
[le sel,.,_ted plants w.,ee tIhC vernali./ed along witi the recurrent parents and, atflowering tine, they s,crc examined for frinctional nectar gland in a ratidom sample of five opeen flowers per plaillt. Otiher floral attri -tlles were Also ioted. Generally, pod size and seeds 

ler pod of inlustard-derived ('N IS plants \',crc still very poor. Thus, s-fection was focusedmainly on functional inectary, good flo\s er size, gr ceeileaf color (at seedling and mature stages),and relative resistance to disease,. f1re besl selections were furelicr backcrossed to their 
respective re.cuirent par-ents. 

Results 

Tablei 18, 19, and 20 silntmarize tlhe characteristics of t lie best selections from the radishCMS backcross proieran avi compared with ticir respective recurrent parents. It is apparent
that dark green plants conld be selected, alttough a few light greei piants were still taken.Seed and pod fertilitv from l aid ard bee polliiritioiis of some of' tlie selections were alreadycoiitaIable, if niot beler. rhan those the recurrent 

was still, in large pal!, on lliente of their 


f1" parents. The lirnitat'on of these plants
hit nectar glands. The best possible nectar glandscore for the backkcros., iprogenies was "8" out of a perfect score of' "12" for the normal 

plant (such as, the recurrent parent). Nonetlieless, fle current score of CMS derivatives alreadyrepresents a grcat i iproventeit over tie previous r:tdish-drived CNIS materials.
The dat.a on tlfe best selections Iront tire B. juncea CMS backcross program witIh two
recurrent parents are given illTables 21 
 and 22. The norrial check wsas a rornal segregant(83"W53N-I) front a BCWfarunily ,hich was initially suspected to have had its fertility restoredby restorer genes but have nor proven to be so insubsequent tests of' selfed progenies. The
best selection ailniong backciosses to 1-I8 was 83\\76-2 
 with petals nearly tie normal size,g;een seedlings, dark green 

21). 
iiatire plant color, and nectar secretion inthe inner glands (Table

libakcrosses to 1129 the best selections hal petals approximately half that of' normal.Similarly, sonic dcrivalives with grell seedlings/dark green imattre plant color were present
and ecltllar s.'Clions were (iSiStirtlonff sorite t.' observed. 

Conclusion 

[he prograin t',rralltsfr cvtO)lasri1Ic sterility to tropical Chinese cabbage is making
progress in eiris of Il color, trillrtali ectailrl.,aind pod/seed fertility, Iliboth the radisharid mtlSard-derisved (AIS backcross 0Opulat ions, tlet size of nectar glar:d ws'as still belownormal. f loweser, nectar sccetion had bcen consismitly observed iii some selections. Petalsize of' iiustard ('NS was still generally small, except in 'ne segregant which had a nearly 
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normal proportion. Pod and seed fertility o1mustard CNIS need to be improved. With repeated
backcrosses, it is expected that a better opportunity ror selecting the desired 'ype ror this 
trait will arise. 

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

Selection 
Leaf 
Color 

Nectar ~-~---~ Gland Score 
Pod Length 

HF (cm) BP (cm) 
No. Seeds/Pod 

HP BP 
Pod Set 

HP (%) BP (%) 
83W39-2 DG 8- 1 3 21 14 69 89 
83W48(RP) N 12 -- 4 - 13 - 67 

'DG -- dak geen, N n rmil, HP :7hind polinatior, LP to pollration 

Table 19. Seedling characters, nectar q!and score, and seed production of selections 
from radish-derived CMS hackcross with OP CT1-32 as the recurrent parent' 

Selecron Leaf Nectar Pod Leng th No. Seeds/Pod Pod Set 
Corer Gland Score HP (C) BP cm) HP BP HP (%/) BP 

83W13 3 LG 8 - 3 2 20 7 75 60 
83W18-2 LG 8-- 14 3 21 12 63 71 
83W18-3 LG 8 3 3 13 10 88 98 
83W18-2 LG 8 3 2 11 7 73 71 
83W22-1 DG 8- 3 2 18 86 789 
83W23-i LG 8 2 2 12 6 80 76 
83W29-6 DG 8 4 3 17 12 69 74 
83W47(RP) N 12 :3 1'4 - 74 

light D(i N' lii' r.'or .'LG -- green, I.ti qi, n .rrW;il I uith Fl' teo pollirmlion 

Table 	20. Seedling characters, nectar gland score, and seed production of selections 
from radish-derived CMS backcross with OP CI 1-27 as recurrent parent' 

Ltea Nectar Pod Length No. Seeds/Pod Pod SetSelection.. . .. .

Color Gland Score HP (cm) BP (cm) HP BP HP (/ ) BP (%)

83W 12-1 DG 8- 2 2 9 5 95 78 
83W14 : DG 8+ 3 3 14 6 79 78 
83W 17-4 DG 4 17 8 918 3 	 74 
83W24-2 DG 8- 3 3 6 9 82 76 
83W26-3 LG 8- 3 3 14 6 81 77 
83W26-1 DG 8- 3 2 10 807 70 
83W26-5 DG 6 2 2 6 678 	 82 
83W26-6 DG 	 2 3 706 	 2 2 68 
83W46(RP) N 12 - 3 - 10 - 87 

'D[J(dark geen, 1G( lqhl oie er, N - nonril, M' hIi nd oarm'lltmn [31-1 t,;; Pollination 

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

Selecton Lent Colof 	 Pelal Necar/GlndNectarArithery Piunberisi/e) 
Size'sdlg . .at .nfle, 	 outer inner outer 

83W73.1 G DG V 2N 0-2/vs + -
83W74-3 G DG V .2N 2/s 2/s + -
83W74-2 G DG V .3N 2/vs 2/vs ± + -
83W76-2 G DG V .9N 0-a/!, 1-2/s + 
83W53(N)-1 G DG N N 21N 2/N + + -

Isdlg :seorllnrr: mat rihihJi,! lit. ( green lark ,unr .P0 noral, V -vesligial.
X!s mall, V; - very :ihfll ' inrt ;ir oc(:a.;i()rIaly ;,i;I!t on ernt oiblih glands (sorro flowers) 
-- -.nectar consisltently pre-rrit on both innerqlands - - rectar completely absant 
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Table 22. I.eaf color and floral characters of the best selections from the B. juncea
 
CMS backcross with B-129 as recurrent parent.
 

Leaf Colorz Petal Nectar Gland Nectar"Selection Antery (nurnber'size) 
sdlg mat inner outer inner outer 

83W55-6 G DG V .3N 2/vs 1-2/vs + -
83W58-3 G DG V 5N 2/s - + -
83W58-8 - LG V .5N 1-2/s 0-1/s + + 
83W60-5 LG V .5N 2/s 0-1/s + + + 
83Wb1-2 G DG V 1N 2/s 0-2/s + + 
83W53(N)-1 G DG N N 2/N 2/N + - 

'sdlg seediqn . rat -: riattie plant, G -- grerr, [.; - iht tqwon. 1(. - dark green IN : norrnal. 
V -- vestlqia 's small, vs --very s-mall " - s rctor occcmnfllv absh;enl ornone or both glarids 
(some Iloweis). + + ---nectar consistently prs: t on both inn- qlxndc; - nectar completely absent. 

International Trials 

A total .f 1,525 seed packets were diitrilutIed to 174 cooperators in 68 countries. Most 
of the reque-ts ,vere for ASV1. I and a u1nber of oltt-ipOtllinaled CUltivar-s, CSpecially thosealreadly released iIt some cointries or fotitid adaptable iii others based ott Olp.ratos reports 
last year. In143 special cases, \\c 'hipped atllolitts int lare ftaltllie; ralling f'rOl 10 g to 
as 1utich as 15 kt per ckut rv. 

A ltllnber of coieilitrs filed back rpot t, f their trials,. III sceral cases, reports were 
simply a gencr;tl stuitnIa.rv wittolit supprlting .ta. These reports were not included in this 
sCtion untls.s ,OttCtthtine significantt occurred in the trials. 

Indonesia 

Mr. Situon lield o' tlte \tllStraliatt Livestock l)CVCloputert Project at Kulptang, Indonesia 
rcporled tlie ecxelletnt performatnce of at utilhber ol, AVRI)C hybrids and opelt-pollitiated
Cultivars in Ztprelinitlar' trial. Llevation of tie trial site was 60 tit above sea level. Table 
23 sho,,,s the protiing clrics atnd their Chatracteristics in coll.parisott to B189 (check). lie 
best entries yielded 36 to 3N t. inn iti 61 to 65 days, avcracel more that I k-g per head, had 
no soft rot infection, and ,lc,vd hteadi ,ll, harvest if tiot equal, to 100%.and rates close lo, 
The differenes \\,itli lie Check clitlivar v rc not sigitil'icati t, hwever, partly because oi" the 
relati\clv high coefficient of vi at iti a,, ill vield. 

lie laiv,,t .A\erictttrulnl Iclnicatl lission at eittal Java tested \two of AVRDC's 
hivbrids aitilts tw,\o cotruercial Itbrids att v. Olcationms. ()Ite was at Pakei (elevation, 400 
Il) and tie oiter '.as at Nilpiks,tri (,leatItt, M"0 ut). No statistical basis for Cotparison 
could be tI adc, lt tie AVR)(i entrics yiclded tI least- 40 t/ha it 5"7 days and averaged at 
least I kgL per hc,id (Iale 2-4). l \ crc clarlv outyicded by P1in.-hthI, howevcr, ill about 
the same diratioin. \t le Iiit,.r _lcs,,tiin ofl Ntipikstri, ,\S\ '(; I oulyielded Ping-luh. Its1
reported ieM t, 56 t.'lhi in 6.1 i with\div a mean It.ad weight of 1.6 kg compared with 
t yield of' 49 1 ha it the t,anic dtntation atd 1.4 kit averaic he.ad weight fot Pitig-lth.

lie (',ntr~tl Research lilitite for l lorticulture at Io:tor ti.tiottced the ofTicial telease 
of Iwo of A\'R I)(". lheat tolerait optt-pollitnattd cult ivr-, ,elced froml several entries after 
several Cars of tct at di!ftlcti licalitolls. [lic v.-o vitricties, 77Nl(3)-4t)atd 77M(3)-26, given
tile local Wttc, ' I atldl'" ,tId "Sattiht .", rec.\cly were tIioted b thle research team,
led bv t)r. I lettdro Stttriono to have liyil siCl p) tttitl (ais.lle c of 3f tf/ha but 'ill 
ilaiflttti ttaiiable ycld (4t 7) t attnder tr fav,\orhlc condtitiotts), icsistancce to sol't rot 
and .l-Il/elritOlltodcra.t lcevel), bitltisCejtibilit t ) clubrool. Ill their report, tie team cited 
the adaptability of bo,th cultivm, for lowMand atnd hiihand cotmmercial production. 

http:stuitnIa.rv
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Table 23. Best performing AVRDC c'ntries in a trial conducted at N.T.T., Kupang, Indonesia. 
Entry Marketable Days toYield (t/ha) Heac Harvest Heading Soft RotMaturity Weight (g) Rate (/) Rate (%) (0/o) 
Hybrid 59 38 61 1149 99 100 0Hybrid 58 37 62 1121 99 100 077M(2/3).41 36 61 1085 100 100 077M(2/3).43 36 65 1072 96 99 0B189 (Check) 26 63 822 83 83 14CV(%) 27 6 20 16 10 -

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

Pakem (400 m)y Ngipiksari(850 m)Y
Entry Yield Days to Head Wl Yield Days to Head Wt 

(t/ha) Maturity (kg) (t/ha) Maturity (kg)
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 analys; rmovided on nurnn'ari'Zed rsloIIS. YElevation Irom sea level 

Philippines 
The Institute 01' Small Farms and Industries of the Ateneo de 1)avao University carried
 

out a trial at Upper Rapnaga area (elevalion, 16 ni) from June to November 1983. The Director

of the Institute, NIr. Ronald Vidal, highly recommended the use of Hy-rid 58 and 13189 in
the area. fl-ybrid 58 clearly outyiclded 13189 
 in about the same growth durtion of 55 days
from transplanting (Table 25). Both averaged about 1.5 kg head weight and 10011/o heading
rate. larvest rate in 13189 was lower than in lybrid 58 but the differencc was insignificant.
These two entries did not suffer atV soft rot damagc although most other entries had
substantial incidence. At present , the Institute requires more seeds for ftrther tests and 
dissemination. 

In another trial at ICyvtc provincC, reear.]CheS front tIe Visayots State College ofAgriculture2 a aylbay 'ound that 77N1(3)-40 was the most vigorous, the i";ast susceptible tosoft rot, and iroduced tle higgest head and highest yield of 27 tha in the same growlth duration 
as the other varieties in a trial of' 10 AVRI)C entries (Table 26). 

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

Entry Marketable Days to Head Harvest leading Soft Rot 
Yield (i/ha) Maturi/ Weight (g) Rate (%) Rate (%) Rot (%)

Hybrid 58 47a 55 1525 94 100 0B189 37b 
 56 1432 78 100 0

CV(ij) 36 
 3 24 25 10 49 

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

EntryYield
 
Entry (i/ha) Maturity" Soft Roty 
77M(3)-40 27 a 65 1c 
B189 (check) 18 b 62 4 b
 

'Days ftorn sowinq to hwvt t YRaled trom 1 - least infection 
to 5 -- rllOr;t sW; ept h>h, 

http:77M(2/3).43
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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 entrie,, 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). HI389, the check entry, however, yicided very low in the same dura!ion during the dry
season. Generally, soft rot was the biggest problem. The two entries, 77M(3)-35 and77M(2/3)-41, had relatively high incidence but were considered to 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, tile headins ability of the tropical types depended upon the planting season. In 
a trial conducted by Hlarris 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 early and possessed good quality for the fresh market. However,
they had a limited holding capacity in the field, with heads splitting quickly if not harvested 
soon after they became compact.

Professor S. Ilonma of' Michigan State University at East Lansing reported that as a 
summer crop, most of the AVRI)C-bred tropical Chinese cabbage prematurely bolted with
long days and relatively cool nights in that area. Only ASVEG I did well and is highly preferred 
over other Asian cullivars 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 conducted from June to August 1984 by the Department
of Primary Production at l)arwin. According to Mr. Kevin Blackburn, the horticulturist at
the l)l's Berri mah Research Farm, this variety is ":avery good, quick-maturing type with
light green, attraclive, uniform appearance and produces very firm while heads". Both ASVEG
I and Hybrid 59 averaged more than 100 t /ha in 56 to 58 days, with 100% (or practically
so) heading and harvest rates, and mean head weights of about 1 kg (Table 28).

ASVEG I is preferred over ltybrid 59 for its market quality. Not included in Table
28 but cited here for comparative purposes are 13189 (the heat-tolerant check, which averaged
600 g head weighl hbut w: ti 20% premature bolters) and Yamato-Noen (tie heat-sensitive check,
which prodticed some heads that were slightly heavier than that of ASVEG I-about 30 g
more). However, Yanato-Noen had about 3t)% noilheaders and "bud rot"-infected plants
which severely reduced its final per unit area yield. 

Table 27. Best performing AVRDC entries in the dry and wet seasons at Sinaut, Bruneiz 
Yield(t/ha) Maturity(days) Head Weight(g) Soft Rot(O/o)Entry dry wet dry ___ wet dry wet dry wet 

77M(3)-35 16 22 57 42 633 479 36 23
77M(2/3)-41 - 24 - 4? - 652 - 39
B189 (check) 5  57 - 491 - 69 -.


ZNo statistical analyses edI itilhn stllllu n,'(j inia
c,.Jdu z 

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

Entry Yield Days to Hea J 
 Harvest Heading 
. . .. .(_t/ha) . Maturity Weight (g)- Rate (%) Rate (%)

ASVEG 1 118 56 1060 100 100

Hybrid 59 
 125 58 1150 99 99CV(%) 16 4 8 15 10 



Chinese Cabbage Entomology 

During 1984 studies were continued on control of cabbage webworni Hellula undalis 
(Lepidoptera: Pyralidae) and diamondback moth, Phatell 'lotelli (Lepidoptera: Yponomeu
tidae) which are tile most serious pests of Chir'ese 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 ,'abbage germplasm was screened for resistance 
to cabbage webworm. Htowever, we did not find any resistant Chinese cabbage accession. 
During the last three years additional germplasm was received. This germplasin, along with 
accessions not included in past tests because of inadeouatc seed supply, was screened for 
resistance to cabbage wehworin in summer 1984. 

Materials and Methods 

A piece of land away from areas of frequent insecticide use was rototilled, applied with
 
basal fertilizer, and vorked into 1.5 in 
 wide raised beds. These beds were further divided 
into 10 i long plots. On each plot, seeds of each accession were sown in two rows, with 
a distance of 40 cm between rows and 25 cm between hills in each row. Each accession was 
planted in lirce randomly selected plots. Two weeks after germination each p'ot was thinned 
to two planis per hill. At this time, several cabbage webworrn pupae were placed at regular
distances all over tile field to augment ambiet cabbage webwormI pop ulation and to increase 
tile chances of infestation. 

si NweCeks atler sowing, each plant iii each plot was observed and the nunber of healthy
and webworin-datnaged cabbage plants were recorded. The mean and standard deviation of 
the percentagc of plant damage of each accession were calculated. This procedure allowed 
us to classify the accessions according to tle f01lowinrg caltegories: highly resistant (I-IR),
moderatcly resistant (NIR ), low resistance (I.R), susceptible (S), and :iighly susceptible (HS). 

Results 
All accessions were damaged by cabbage webworn (Table I). The damage percentage

varied from 12.26 to 66.60. The 19 least damaged MR accessions will be screened again next 
year I'orcsistance to cabbage wvebwornr. 

Conclusion 
In a preliminary test, 19 out of 133 accessions screened for resistance to cabbage

webwormn were relatively less damaged than tile others. 
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Table 1. Performance of Chinese cabbage accessions for resistance to 
cabbage webworm. 

Resistance Percentage of Plant 
Category Damage Range No. of Acce.,sions 

HR less than 9.07 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 

'Sowing date: July 31. 1984; observation dale Sept 12, 1984. Mean damage percentage: 33.73; 
standard devatioi- ± 12 33. 

Insecticide Screening for the Control of Cabbage Webworm 

Introduction 

Cabbage webworm infests Chinese cabbage and other cruciferous crops in the seedling
stage mainly during the hot and humid summer. The adult female lays eggs on the leaves,
and the newly hatched larva moves from its initial 'ceding 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 nat vet hecn developed for this pest, farmers rely on 
insecticide application. There is an ongoing insecticide screening program to combat this and 
other pests of AVRI)C crops. In 1984 three new pest control agents were obtained: Bag-a-bug
(Bacillus thurigiensis). lavthroid, and dilflubenzuron 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 to the ones described in our publication "Vegetable Pest 
Control: Insecticide EI valuation 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 x 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 adapled to provide high yield.

For efficacy evaluation, the larvae of cabbage webworm were observed on randomly
selecte2d I0 plants per plot. Also recorded was the number of webworni-danmaged plants as,
at times, the larvae after feeding, left the plant for pu patiol ill the soil. Insect count and 
plant damage percentage were statistically analyzed by I)uncan 's Multiple Range Test. 

Results 

The results of insecticide evaluation are summarized in Table 2. Profenofos, EPN, and 
parathion gave significant cabbage webworrn control over untreated check plots in both 
observations. These insecticides also gave greater markelable yields than the control and certain 
other chemicals. Baythroid, difiubeuzoran, and both foriulation ol Bacillus thuringiensis
(Bactoscine and Iag-a-lBug) were relatively les,; effective. According to the sunner market 
price for (hinese cabbage (Nl$6.00/kg), the return on increased production was worth 
NTS18,030, Nl$15,288, and NTS17,000 for profenolos, EPN, and parathion, respectively.
The costs of these chemicals for four applications per hectare were NT$2,850, NT$612, and 
NT$400. 
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Table 2. Evaluation of insecticides for the control of cabbage webworm on 
Chinese cabbage-

Rate (kg No.of Larvae Percentage of Damaged YieldInsecticides /10 Plants Plants/Plot 
ai./ha) 84/7/9 84/7/16 84/7/9 84/7/16 (t/ha) 

Profenofos 50EC 0.5 1.00c 0.50d 17.72 19.28 20.28a 
Bactospeine 100% 0.5y 6.00a 7.00a 29.68 29.72 13.51 b 
Baythroid 50EC 0.05 7.50a 4.75ab 33.33 z3.44 14.72b 
Bag-A-Bug 100% 0.5Y 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 90WP 0.5 4.50ab 4.50ab 19.79 20.89 18.02ab 
Difluenzuron 25WP 0.075 1.00c 1.25cd 22.84 19.81 16.85ab 
Parathion 47EC 0.5 0.25c 0.75d 11.99 2b.65 19.70a 
Control 6.00a 4.75ab 22.92 30.20 16.80ab 

zCullivar: ASVEG #t1 Tran plartin- uate. June 29, 1984. Insecticides applied: Ju'y 5, July 11, July 18, 
July 25, 1984 Samplrig dates July 9, July 16 1984. Harvest dale: Aug 6, 1984. Data shown are 
means of four replicates Means in each vertical column followed by tWe same letter are not significantly
different at the 5:>, level accordrng to Duncan's Multiple Range Test. Plo! size: 15 sq. m. YActual 
product 

Conclusion 

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

Influence of Intercropping on Diamondback Moth
 
Infestation of Common Cabbage
 

Introduction 

Diamondback ioth is the most destructive pest of most cruciferous crops in tropical
and subtropical -sia. As a result of frequent insecticide use, this pest has become resistant 
to most chemicals that are available in the market. New insecticides are not developed fast 
enough to replace fhe old ones. Insect resistance, insecticide cost, and health hazards make 
it necessary to develop alternatives which can be integrated with other methods, including
insecticide use t0 minimize inect damage. In 1984 we conducted two experiments, one on 
intercropping and fhe other on irrigation to control this pest. The results of the intcercropping 
experiment are surnniarized here. 

Materials and Methods 

A 0.6 ha piece of land was rototilled, applied with basal fertilizers, and worked into 
1.5 m wide heds which were ftirt her divided into 10 in long plots. There were 309 plots 
representing 103 trearments and three repli':ates. 

Seeds of 99 diff'rent crops were obtained fron Taiwan, India, LISA, and Thailand. 
The seeds of each crop were planted in two lines, 40 cm aparl on each plot. Six plots were 
left as nonintercropped checks. The planting of tile inlercrop was arranged in a randomized 
complete block design. 

One month after lie sowing of intercrops, four-week-old common ,.abhagc seedlings 
were transplaited in a single row at tle center along tie lengiti of each plot. -Fhe crop was 
raised according to custonmary 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 each plot, 10 plants were selected at random, and the population
of larvae (2nd instar or older) and pupae 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 evaluation 40 days after 
transplanting, the number of aphids on each plant were recorded and the plants were grouped 
as having 0 to 10, 11 to 100, 101 to 1000, anid 1000+ aphids/plant. At 60 days after 
transplanting, aphid population was higher, so the plants were grouped as having less than 
1000, 1001 to 5000, 5001 to 10,000, and more than 10,000 aphids/plant. 

'Fileaphid count was converted to weighted averages by multiplying the number of plants
in each category by a tactor of 1 (0 to 10 aphids in 1st and less than 1,000 aphids ill 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 tlie Is!and 5,001 to 10,000 aphids in the 2nd observation), 4 (more
than 1,000 aphids in the first and more than 10,000 aphids in the 2nd observation).

The combined damage of diamondback moth atnd aphids was evaluated at 80 days after 
cabbage transplanting. Twenty-two ranmdomily selected plants were evaluated for insect damage
according to five categories: I (little damage with a large head), 3 (little damage with a tuedium 
head), 5 (moderate damage with a mediutim head), 7 (serious damage wi- h 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 DIuncan's Multiple Range Test. 

Results 

Among 99 intercrops, only 54 grew successfully, others lid 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: amarantlus (Amaranthus blitt/n), A.ztec 
marigold (Tagews erecLa), harley (llordeum vut.eare), barnyard millet (Echinochloa crusgalli), 
bereeni (Trifoliul ah'vandrinuim), broccoli (Bra.vs'ica oleracea var. italica), brussels sprout
(Bras~sca oleracea var. gcmmifi/cra), btckwheat (li'igolprtwmsagiltattmm), carrot (Dacwus carota), 
cassava (,haihol tcmculen'a), caui!'lower (Brassica oleracea var. hotrvtis), celery (Apium
graveo/lens), common cabbage (Ira.ssica oh'racca var. calfitala), chilli pepper (Capsicuin
frulescens), Chinese cabbage (8ra.s.i(a Iailwstri.s subsp. pekinensis), coriander (Coriandrum 
sati'ttn), corni (Zea ma,1s'), cosmos (Cosmo.s .s/lhurets),cucumber (Cicumi."sativus), daisy
(Bellis perens), dill (.Al '(ttum graveolen.s), eggplant (Solanum melongena, four-o'clock 
(Mirahili jalapla), gailic (Alliumnl saivln), IiAlloyhtck (A/cea rosiea), kale (Brassica oleracea 
var. acelala), kodo millet (IYaspahui scrohicu/lamn)t, leek (Allium ainpelopraumn) mesta 
(Hibiscus canlahilint1s), methi (Tr'onella t*-enamn-graecum), mustard (Brassica nigra), oat 
(A vena sativa). pai t sai (lh'as.ica camps'ri.k subsp. chinensis), parsley (Peiroselinum crispuin), 
pea (Pism .'aivtin), portulaca (Portulaca grandi/lora), pumpkin (C cumis Iwpo), radish 
(Ral)hanu.s s(uivus), rape (Bra.s'sica nalts), ridge gourd (Ruffa aculangula), rutabaga (Brassica 
napus var. flolmbr.s.%ica), safflower (Carthamnus tillncto/ius), shallot (A//ut,,m ascalonicuin),
smooth gourd (L/l...cu/vindrica), sorghum (SorgIhnt hicolor), soybean (GIcine i "ix), spinach
(Spinaciaoleraca), sugarcane (Saccharun officinaruim), swecl pepper (Capsicuin fruttescCes), 
sweet potato (/poinoca Ialalas), tobacco (Nicohiana lahacuin), tomato (1 v:'opersicon
'sculenttuin), white potato (So/lntm uherosun), and wild tomato (Lucoper.,icon hirsultuin 

f. glabratmn). 
Common cahba-e planted bclwcn barley, dill, .arlic, oat, safflower, and tolalo had 

relatively less diamondback moth larvac and pupae, especially during the third observation 
when insect populatioll was \ver\ high (Table 3). It must be el phasized here that due to widevariations amnong replicates, tle rsults 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. Population of diamondback moth on common 
cabbage intercropped with selected crops.! 

No. Larvae+ Pupae/10 Cabbage Plants 
Intercrop (days after transplanting) 

40 ---- 604 80 
Barley 39 12 64 
Dill 44 25 62 
Garlic 42 20 69 
Oat 	 36 12 83 
Safflower 19 11 0
Tomato 15 10 166 
Control 37 33 330 

'Cabbage tr:n-gpianircg date Dec 12, 1983. 

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

on to the common 
cabbage planted later. 

During the first observation at 40 days after t;ansplanting, certain intercrops influenced
the aphid polplation on Corn1i11on1 cabbage; however, at 60 days after transplanting, whenaphid population was very high, none of the crops had any significant influence on aphid
infestation of coninuon cabbage. 

Conclusion 

Common cabbage planted between barley, dill, garlic, oat, safflower, and tomato hadrelatively 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 cabbageintercropped between tomato reduced diamondback moth infestation of cabbage. So, wedecided to pR)ursue this atspect further and sttdy the irechanisin involved in this finding. In
this first of a series of experiments, , e studied the effect of tomato leaf extract on the
oviposition of dianiondback moth in treated comm1on cabbage and Chinese cabbage plants. 

Materials and Methods 

With common cabbage- free-choice test. Leaves of both cultivateci tomato (Lycoper
scon escuh'nltt1) and wild tomato (L. hirsuttn f. glahratuin) were collected front the fieldwhere no insecticide was used. Two-hundred-gram leaves were transferred to a Waring blender
containing 2 liters of' weal f w extracted at high blending speed for 3 min.were 	 Tihe extract was filtered through a single layer of muslin cloth 	ard the filtrate :tored at 50 to 81)C.

Comrmon cabba.,e (cv. K.Y. ( ross) plants were raised for four weeks in small clay pots
(one ,eedling per pot) in tiic greenhouse. Nine seedlings of uniform size were chosen. Threeplants were sprayed %%iihcultivated toiato extract, three with wild tomato extract, and threewith v.ater. Wit h a larborat ory atomizer, the plants were sprayed until the extract began to 
run ofT. The liquid was allowed to evaporate for 5 to 10 riii. 
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A set of three seedlings, each one sprayed with one of the three treatments was transferred 
to a nylon net cage (45 x 45 x 41 ctn). There were three cages each representing one replicate. 
Thirty newly etverged diamondback ioth adults were released inside each cage. Once every 
)t her day, the nuiimber of eggs ol the lea es wkerc recorded and the plants sprayed with their 
respective treallents aid returiied to the -aine acie containing diamondback adults. The 
recorJiiii( ,,I miposition continued uit! there ,,'as an insigeiian!tnttmber of' eggs laid on 
the wallr .,'layed plallts. 

i il Coil0rri ell .- test. In this study two potid cabbagecab1l)bge no-choicc common 
seedlin-,.; .lcrc placeLL in each otf he nitine t vlon net cages. The plants in three cages were 
Slpraycd 1iIculniated toiato lea 'extract; in thIcte tlher cagesw with wild tomato leaf extract;
and in lle retiailniig three, \%illi water. The spravin procedure was identical with that of 
the free-choic let. Teln pairs of newIv clered dianiondback noth adults were released in 
each cage. The iinber f cgs laid was iecorded once every et her day, and fresh plants sprayed 
with extracts were Flac.d bor lurther oviposition untIi in insignilicant number of eggs were 
laid oil water-spraYed plants. 

With (C'liinese cabbage. Siice ill aill tinrelalCd CXperilil we fouMnd that With Chinese 
cabbage the diamonudback iioth preer, to lay ec,s otl Ciirese cabbage that oil coitnioll 
cabbage, in this experimnent , we used l'our-week.-old Chinese cabbage (cv. New King) to 
deterrin tet11t cffect of loriato leaf extract ott diarnondback moth oviposition. The experi
mental procedure was identical to that of the free-choice test with common cabbage, except
that wild t-ilaio leaf extract was riot used; and the treatments were replicated four times, 
instead of ltec. 

Results 

The results of bot t free-choice arid no-choice tests with common cabbage are summarized 
i Fable 4. The number of diamondback moth eggs ott hol tomiato extract treatments was 

lower than that of lie cont rol plants (water spray) when tlie tomato-ext ract-treated and control 
plants were placed together (free-choice test). When the insects were given no choice i.e., they 
were coinfitted to otnlv o:ie-treatrcrit plants, the eggs laid oti extract-treated plants were still 
nurierically less, althoghtili [iot signilficattly so, than those on water-sprayed plants. li general
both wild aid cultivated toillato leaf extracts had similar effects on diamondback moth 
oviposilioni. 

]lie results of the (Ihittese ca-bag,.: experiment are suinmarized in Table 5. 'Fle 
diarimondback 1rtoth laid sigiificarintly less egsg. ol plants treated with tomato leaf extract than 
on control planl sprayed with only 5%ater. 

Conclusion 

Spraying conmon cabbage or Chi tese cabbage plants with lottoato leaf extrac, reduced 
the number of eggs laid by tlhe dianioidback moth Iot treated plants. 

Table 4. Influence of tomato leaf extract spray on oviposition of 
diamondback rnoti,_ 

Spray Treatment--------------- No.......Eggs/Plants..an.... 

free-choice test no-choice test 
Wild tomato leaf extract 35b 163 
Cultivated tomato le;if extract 60b 239 
Water 299a 369 

'Pif- (J;t,i v- h :t i, of ihr e tiplnitit TwDierreai; in) each vertical colUrrn 

tlIovlioft 3/ It , i, I. , ,inr nol ,nif ciinly '.f.[lroent al tlhe 5.0 level according 
to t)urncan' , Multiple ai~nq e 1 t 
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Table 5. Influence of tomato leaf extract spray on oviposition 
of diamondback moth on Chinese cabbage.' 

.___Spray rrea tment No. Eggs/Plant 
Tomato leaf extract 57.5a 
Water 160.Ob 

'The data are the nmo;trv; of fCtjIretDJ'at" The moa"r- lollowMid by the !;ame letter are not 
signlficantrly d , Jffri, the 5 hiwel accordIng to DrIrC;W'r; Mult'pI( Range Test. 

Sprinkler Irrigation for Diamondback Moth Control 
Introduction 

Nine years 0f Conlt inuons insect-pest niotiloring showed ihat diamondback moth is a
serious pest of :rucif'ers only in the dry season which lasts approximately from October to
April. Infcst ation is absent or mininum during the rest of the year. Iii 1980, when Taiwan 
experienced a severe drought during summer, considerable diamondback moth infestation was
observed. This led tis to believe that frectuent rains are detrimental to diamondback moth 
inlfestation. 

Itn 1983, literetfore, ,ae conducted a preliminary expcriment ini which we used sprinkler
and furrow irriations to sitidy diamondback moth itlestation on comtnnon cabbage. In tile 
1983 experiirent we obtained a fairly Lood control of the insect by sprinkler irrigalion;
however, insect populationi was relatively low and the yield obtained in control plots was 
in fltenced not only by thlis nroli but also by water stress. This year, therefore, we Lsed drip
irrigationI for the cleck plots so that all plots receive equnal atounts of water. Diamondback 
moth adults were released in tir field to alglent ambient insect population. 

Materials and Methods 

A 0.2 ha piece of land was rototilled, applied with basal fertilizer, and worked into
beds 1.5 lit wide. These beds were furtfher divided into twelve 9 m x 10 in plots. One-month-old 
seedlings of common cabbage (cv. K.Y. Cross) were transplanted in two rows oin each plot.
Each bed, excluding tile seedlings, wa then covered with rice straw mttlch. 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 I tn above 
the planted area on a central pivotal Itnbe which delivered pressurized water into tle horizontal 
tibe. 1 lie hori/ottal pipe was rolaled by ulreaIts of a tluotor so that water was applied uniformily 
over each plot. Ill the drip irrigat ion, a perforated polyvinyl pipe through which the water 
flow was placed oil the soil surface betweeni two cabbage rows in each bed. The water pressure 
ill hotlI irrigations was tle sallie. 

Every other day each plot was irrigated for 5 min at dusk usually starting at 4.30 P.M. 
Equal water pressure and duratioli ill both irrigations resulted ill approximately equal amounts 
of water delivered to the plots. At 25, 37, and 45 days alter Iransplalnting, 20 randomly selected 
plants itt each plot were observed Ior diationdbacktmoth in festation; aind lie number of larvae
and pit pac was recorded. At 25 and 37 days after transplanting, tile sane 20 plants were
observed Ir aphid (0y'ztuts wr.sice and I.ilpphis ert'simi)iinfestation; and tie number of plants
witlt 100 ofr iore aphids were recorded. At harvest, we recorded tile number of marketable 
cabbage heads and yield per plot. All data were analyzed by l)uncan's Multiple Range Te.t 

Results 

'Flre restills of diaimiondback niotli and aphid inflestation and yields obtained are 
sumnniarized in Table 6. The number of'diamondback moth larvae and pupae were consistently 
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Table t. Influence of method of irrigation on diamondback moth and aphid inrestation and 
yield of common cabbace. 

Irrigation No.Diamondback Moth No.Plants/20 with Market- YieldMeto Larvae+ Pupae/20 Plants 100+Aphids/Plant able Yield
Method Feb. 24 Mar. 6 Mar. 15 Feb. 24 Mar. 6 Heads (o/6) (t/ha) 

Sprinkler 305b 506b 609b 5.Oa 1.2b 68b 20.Ob 
Drip 381 a 820a 1061 a 8.0a 3.8a 59a 8.3a 

ZTransplaninq dale Jun. 30, 1984, Dala afe means ot six replicates. Means in each vertical column 
followed by the same letter are not s;gnificantly difterent at the 51, level by Duncan's Multiple 
fange 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 diip irrigation plots. The average head 
of spriinkler-irrigated cabbage weighed 738 g as against only 421 g of the drip-irrigated crop. 

Sprinkler irrigation presumabl,, drov.'ns 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 presunably 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 infestation, 
and increased marketable 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 
are adversely affected. Since the larvae do not migrate from plant to plant but feed and pupate 
on the same plant, the selection 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, initiated and two initial experiments on its preference between common 
cabbage and Chinese cabbage were conducted. 

Materials and Methods 

In the first experinent, common cabbage (K.Y. Cross) and heat-tolerant ASVEG I were 
used; in the second, the same comnon 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 -naintained in the 
greenhouse for four weeks. In the first test, two potted plants each of common cabbage and 
Chinese cabbage (ASVIG 1)were placed in a nylon cage (45 x45 x 41 cm). Three cages, 
each representing one replicate, were used. 

In the second experiment conducted two weeks later, two potted plants each of common 
cabbage and Chinese cabbage (cv. 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 everydav 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 commoncabbage and both cultivars of Chinese cabbage are summarized in Table 7. The diamondbackmoth laid significantly greater number of eggs in both Chinese cabbage cultivars than in common cabbage. Both Chinese cabbage cultivars have trichomes on the leaf surface, whereas common cabbage is essentially glabrous. A study is currently underway to investigate therelationship 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.' 

Test No.Trichomes/25 sq mm
 
A Host Plant 
 upper lower No. of Eggssurface surface 

Common cabbage (K.Y. Cross) 0 0 88b
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 three replicates Means for nurnber of eggs in each vertical column for each testfollowed by the same lust are riot significantly different at the 5% level by Duncan's Multiple Range Test. 
Chinese cabbane ind common cabbage plants had approximately same leaf area. 

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

and Chinese Cabbage 
Introduction 

Insecticides 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 givesbetter control at mininmum cost. Also, insect pests develop resistance to insecticides, especially
if one uses a particular compound frcleuently. It is, therefore, necessary to screen

compounds or combinations of already existing ones to 

new
 
come tip with a suitable chemical
belore the target insect develops resistance to them. In 1984 we conducted one screening with
 common 
 cabbage for the control of diamondback ioth and one with Chinese cabbage for 

aphid and diamondlback molh. 

Materials and Methods 

The procedures wyere identical to the on,..; described in our publication "Vegetable PestControl: Insecticide Evaluation Tests". in brief, each test included nine insecticides and oneuntreated check. The chetmicals were selected ,.n the basis of their efficacy on target pestsor related species in our previous tests or tests conducted elsewhere. Efforts were made toinclude chemical.s that have niodes of action different from t lie traditional ones. Each chemical was sprayed on atn air-pressurized sprayer once a week to designated connon cabbage orChinese cabbage plots 4.5 in x 3 in in size. Each treatment had four replicates. Insecticide
spraying was initiated lfroll about 10 days after trausplanting and discontinued at 10 days
before harvest. 
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Insecticide efficacy was evaluated at intervals, usually a day before the next insecticide 
application. At each interval, the number of diamondback moth larvae and pupae found in 
a randomly selected 10-plant sample in each plot were recorded. For aphids, the number of 
plants in the same 10-plant sample with I 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 analyzcd by Duncan's Multiple Range Test. 

Results 

For common cabbage, the results of insecticide screening for diamondb,,,k moth control 
are presented in Table 8. All insecticides reduced diamondback moth infestation and gave 
increased yield over the control. However, M1K936 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 season (Table 9). Because of' aphid damage, 
the diamondback moth infestation was erratic. In 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 cheinical-splrayed plots v.'ere low. As a results of their failure 
in aphid control, their efficacy against diamondback moth was poor although some of them 
(e.g., INIK936f wor!\ed well against diamondback moth in common cabbage in another test. 

Conclusion 

NK936, 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 iisecticides for the control of diamondback moth on 
common cabbage.' 

No. of Diamondback MothRote Yietd 
(larvae+ pupae/10 plants) - iehaInsecticide ka(kg a.i./ha) - (t/ha) 

Feb. 22 March 5 March 14 March 21 
1 MK936 1.8EC 0.0045 19.7cd 59.5cde 48.Ode 96.7de 81.7ab 
2 MK936 1.8EC 0.009 9.2cd 34.2def 24.2de 49.Ode 88.Oa 
3 MK936 1.8EC 0.018 1.0d 7.Of 4.5e 11.50 85.7a 
4 PAY-OFF 31.6EC 0.05 30.2bcd 66.Ocd 92.Oc 237.2bc 75.3ab 
5 PAY-OFF 5WP 0.05 42.2bc 85.5c 179.2b 316.7b 72.4ab 
6 Bendiocarb 40WP 05 1O.Ocd 22.5ef 22.5de 78.Ode 86.Oa 
7 Bendiocarh 40WP 0.25 22.5cd 49.2cde 63.0cd 14 1.0cd 77.9ab 
8 Bactospeine 0.5 62.5b 129.0b 157.Ob 299.7b 66.5b 
9 Selecron 50EC 0.5 14.5cd 30.0def 30.5de 99.5de 85.6a 

10 Control 139.Oa 208.3a 374.5a 529.Oa 44.5c 
'Cultivar. K-Y Cross, Tran irlngdale: Jan. 9. 1984. Plot size: 15 sq rn. hnsecticides applied: Jan 23, 

Jan. 30, Feb 6. 7et 1j FIb 27, March 5, March 12, March 19, March 26, 1.984 Harvest dale: 
April 2 i984 Data !,;ho,'n are means of forir repli(,ales Means In each verlical column followed by 
the sarre lller ie not siqniicarilly ditterrrnl at the 5W, 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 
Insecticide Rate (larvae + pupae Approximate Number Yield(kg a.i./ha) -- /10_plants,)-.... of Aphids/Plant (t/ha)

March 12 April 12 10-100 101-1000 1000+ 
MK936 1.8EC 0.0045 3.25b 57.8ab 0.25a 1.25b 8.50a 25.9c
MK936 1.8EC 0.009 8.25ab 34.8ab 0.00a 0.50b 9.50a 33.6b
MK936 1.8EC 0.018 3.00b 40.8ab 0.00a 0.50b 9.50a 24.6cDimiir 25WP + 0 2-. 7.50ab 57.3ab 0.00a 0.00b 10.00a 23.7c 

Phenthoate 50EC 0.50 
Dimilin 25WP 0.25 13.75a 57.8ab 0,00a 0.25b 9.75a 24.9cPhenthoate 50EC 0.50 8.25ab 83.8a 0,00a 0.50b 9.50a 20.Oc
Dimilin 25WP± 0.25 1- 14.00a 41.5ab 0.00a 0.00b 10.00a 22.6c 

Totalwett 1.00 
Pirimicarb 0.25 13.00a 27.Ob 0.75a 6.50a 2.75b 38.5b
Selecron 0.50 5.50b 15.Ob 0.75a 5.50a 3.75b 45.7aControl 13.50a 29.8b 0.00a 0.00b 10.00a 20.1c 

'Cultivaf New Kinq Trairwp;ariinq date Feb. 21, 1984. Plot size: 15 sq m. Insecticide applied: March 1,
Mtarch 7 March 14, March 21. March 28, and April 3, 1984. Observation date for aphids: April 12, 1984.
Itarves; date Aoril 1:,1V81 Dala shown are means of lour replicaeas. Mean in each vertical column
followed by the. sarme lettr are not significantly diflerent at the 51/. level according to Duncan's Multiple 
Raniq Test 
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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 foi 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 to 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 

Peronosporaprasitica was isolated from !he field and maintained in an illuminated
14 C incubator by weekly transfer of sporangial suspensions to detached cotyledons of Chinese 
cabbage accession 13 4. Ten- to twelve-day-old cotyledons weie used as a substrate for growing
the fungus, which sporulated about one week after inoculation. For routine maintenance, 
sporangial conceiat ions were in the range of 10 to 105 sporangia/n!.

Lines were tested by sowing the seeds and removing the cotyledons when the plants were
12 days old. These cotyledons were placed on moist filter paper in 5 cm petri dishes with
tile 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 (3.0x 104 
for the ASV'LG I experiment and 2.4 ) 10 for the Hybrid 58 and 59 test). Starting four or 
five days after inoculation, all five cotyledons were removed from one dish of each cultivar,
placed in 5 ml of water, and then shaken with a Vortex-Genie mixer. "he concentration of
the resulting spore suspension was determined with a hncracytoneter. Data was anal 'zed with
the use of multiple regression and a model sequence to see if slopes of different lines were
different. Dependent variables were either spore number or spore number transformed by
taking its square root. T': independent variable was days after ;icculation. 

Results 

The regression coefficients that resulted from fitting separate lines for each line or variety
tested are prcsented in Table 1.These data are also presented graphically in Figs. I and 2.
In general, the transformed data fit inLuch 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. 

Equation for Sqrt(spore#) Spore# 
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 
818 -3.72018 .964236 -20.1 4.475 
B14 -3.23336 1.09836 -26.3 6.725 
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Fig. 1 	Increase in spore production over Fig. 2 Increase in spore production over 
time of Hybrids 58, 59, and time of ASVEG 1 and parents. 
parents. 

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

Source DF SS MS F 
Intercept 1 23744.5 23744.5 203.44 

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 

Fl'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 
zDependent variable is spore number. 



35 Chinese Cabbage Pathology 

In the model sequence with Hybrids 58 and 59, all lines (as a group) 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 arc! 
E9), as a group, were mote 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 I yielded different results. The rate of spore production
for all lines of interest was less than that of 1314. In the remaining comparisons, none of 
the rates were different, except for ASVEG I compared to its reciprocal cross. In this case,
there was a difference if raw data were used; however, this wrs not reflected in the transformed 
data. 

Table 3. ANOVA comparing Hybrids 58 and 59, parents, and B14.z 
Source DF SS MS F 

Intercept 
Day 

1 
1 

1311.61 
143.34 

1311.61 
143.34 

664.12 
72.58 

Residual 118 233.046 1.974966 
Additional SS for 

susceptible B14 2 50.972 25.486 16.24 
Ro-sidual 116 182.074 1.569603 

Additional SS for 
Fl's and pirents 2 6.072 3.036 1.96 
Residual 114 176.602 1.549140 

Additional SS for 
separating E7/E9 
from N4 

Residual 
2 

112 
93.0742 
83.5278 

46.5371 
.7457839 

62.40 

Additional SS for 
separating 58 from 59, 
and E7 from E9 4 3.6696 .9174 1.24 

Residual 108 79.8582 .7394278 
'Dependent variable is sprl sport number 

Table 4. ANOVA comparing ASVEG 1, parents, ind B14.1 

DF SS 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 
susceptible B14 2 945.25 472.625 26.48 

Residual 96 1713.19 17.84573 
Additional SS for 

Fl'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 ASVEGI from 
the reciprocal cross 2 88.05 44.025 2.55 
Residual 90 1553.68 17.26311 

zDependent variable if; 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 

Fl'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 SS for 
separating ASVEG1 from 
the reciproral cross 2 1.2759 .63795 1.22 

Residual 90 46.9111 .5212344 
zDependent variable is sqrt spore number 

Conclusion 

This method allows the quantification of downy mildew resistance without elaborate 
field tests and the corresponding problems. This type of resistance still needs to be correlated 
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 Rot 

Introduction 

This experiment 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 1'r 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 tile resulting plants transplanted to the field on August 1. Plants were inoculated on August 
31 and diseased 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 effects and interactions (Table 9). 
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Table 6. Treatments and means (raw and adjusted) 
of factorial experiment investigating the mode of inoculation. 

Treatment Mean Rot Incidence 
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 
Block 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 

'Data transformed with the use of the arc-sine sqoare root to stabilize variance. 

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

Raw Data 	 Transformed DataContrast Name value 1t value It, 

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 5.17 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 -4.25 -0.46 -2.65 

Results 

Both transformed and untransformed data gave similar results. This year there was an 
interaction between breaking th- leaves and inoculation, breaking the leaves and the mode 
of 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 leaf breaking within the different inoculation techniques. In uninoculated 
treatments, tale effect of leaf-brcaking was ,ery 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 tile overhead 
spray treatment, and less increase in tile drop-nozzle spray treatment. 

Conclusion 

Since injection inoculation ako damaged the plant at the same time, and bypassed the 
need to wound the plants for intfection to take place, it was not unreasonable for leaf'-breaking 
to have little effect with this thede of inocu atiton. ()"rhead spray inoculation was more 
elfective than the drop nozzle spray. The exact reason for this was not known, althhough tie 
inceulum would rim clown the leaves and collect by the petiole scars-the exact place where 
infection woUld take place, aid pres' mably, the same area where wounIds caused by leaf
breaking would be. 

Effect of Plant Density
 
on Soft Rot of Chinese Cabbage
 

Introduction 

Sot' rot, causedC by I:rWm'i(i cuIoIvoIu, is an important disease of Chinese cabbage, 
and cal cause stbstantial losses in the warm stumler months. The bacteria normally enters 
through wouinds il,the leaves or steis of' he plants. Since closer plant spacing plrevents the 
natural healngof lifthese this expelincnt \was condtuced to see if there was a relationshipwsond,, 
between plant dcnsily and the aIount I'soft rot that devcloped. 

Materials and Methods 

Seeds of oh in.se cabbage (varietv Fun-In, 11141) werc sown on July 10 and the resulting 
llans tramsplanted to the 'ield onl August I.Plants were set out in either cue, two, or three 
rows per bed, \with spacings of' 0.3, 0.4, 0.5, and 0.6 in between plants in each row. This 
produced plant densitie., from 1.67 to 2.83 plants.,iu for tile one-row beds, 3.25 to 6.5 
plants.i - tihe beds, and 4.92 to 9.83 plantsni2 for the three-row beds. Theses/1for t\o-row 
12 lelisilics wclc arraigedi in a rillidoini/ed coiplete block design with three replicates. Plants 
were inlOcu ILatI Ol ..\ugust 31 by sprayving them to run off with a stuspension of . curow,vora 
subsp. curol vorl,. Rotted plants w\ere counted on September 17, September 24, and October 
1.Sprinkler iricati-n \v's alpliCd on Septemnber 19. 

The rcsnlhing data were con\erted to incidence (rolted plants divided by total number 
of plants iltile plot)and analiyzed \\ith the use of" regression analysis, with incidence as !he 
dependeitt and plant density as tile 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 
to the separate bhlocks, did not yield satis factory resuls cither. Data froti selected ANOVAs 
are presented in Tables 10, I1,and 12. Trans formation of the incidence data to arc-sili-square 
root did not improve the fit. 

Conclusion 

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

Source of Variation DF SS MS F 
Intercept 1 4 74514 4.74514 197,2542
Blocks 2 1367723 .0683862 2.842793
Density 1 0682012 .0682012 2.835105 
Error 32 769791 .02,10560
 

Table 11. ANOVA from soft rct de-nsity experiment, 55 days after transplanting. 

Source of Variation DF -_ MS F 
Intercept 1 11 1962 11.1062 314.8295 
Blocks 2 1020958 0510479 1.447064 
Density 1 .0256711 .0256711 .7277033 
Error 32 1 12886 0352769
 

Table 12. ANOVA from soft rot density experiment, 62 days after transplanting. 
Source of Variation DF SS MS F 
Intercept 1 14 6867 14.6867 385.21318
 
Blocks 2 0515974 .0257987 67f 7869 
Density 1 0601105 0601105 1.57t 902 
Error 32 121982 .0381194 

Screening of Germplasm for Resistance 
to TuMV Strains C4 and C5 

Introduction 

Preliniinarv screenings have indicated that resistancc to InNI V strains C), C2, and C3 
are commonly found it (himese calha'e. Resitance to strains C4 and ('5, on the other hand,
is not oftell toutd. the of Chin'ese calhaLr,I-or Ihis reason, rcneilti Uerltplasn ik dlone initially 
with Ihesc I.,o "l lls. 

Materials and Methods 

Tlirt v-ti'c ffi-hu(xica qp. accesion, (577, 578, 581, 594-599, 601, 604-606, 609-61 I, 619,
620, 622-625, 627, 629, (141-643, 6-h8, 651, 653, 656, 659, 693, 728, 729) w\ere screened for 
resistance to luNI\-('5 Mid 13 nev. accessi.ils (784-787, 789, 79), 792, 793, 796, 798, 806, 
819, 820) tot resist altec Io ItIV-(14. 

Inlotla %%Crc plrpar. d -,grintdittu one pal fresh I1..u'ea lca'.,Cs, inf'ected with either 
TuNI V-G, or lt.\lV-(5. or. i.e parts pito phate htifer, cotiaining 0.1( i)IICA. Symptoms 
wcre recorded 1-1da"'s aiwi: itl.cilation. Synlptomlc.s plants ad those with very mild 
sylilplolls 'Ci..ch ecked hs I ISA. 

Results 

None of the ICsCd acessiolls were resistanit to strain -. Two accessions ho, !ver, 13648 
and 653, iteluded 751"o and 66% of noninfectd plants. )1'the new accessions only 13819 and 
13820 showed resistatce to (4. 

Conclusion 

Resistance to IuNIV strain C5 is difficut to find in Chinese cabbage. 



Chinese Cabbage Physiology 

Water Use of Heat-Tolerant and Heat-Sensitive
 
Chinese Cabbage Plants
 

Introduction 

High tenIperat tire is detrimental to tile head fornalion of Chinese cabbage. Circumstan
tial evidence, however, suggests that the heat tolerance of Chinese cabbage depends on a 
pleltiful supply of' water throughout plant growth and the ability of the plant to uptake and 
preserve water. flow-ver, 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 

Seedling-, of B-33 (heat-sensitive, Chang-puh Late) and AVRDC Hybrid No. 62 (heat
tolerant) were first prepared insmall plastic pots with sand and soil mixture (1:1). Seedlings 
at three Ncecks \werc later transpfanted to wooden boxes (25 x 25 x 30 cm) filled with sand and 
soil but tmderlaid with a 23-cm width PV F sheet. I1VF sheets served as water carriers and 
a.san extension t hrough the bottom-side slit of w.ooden boxes to outside water containers. 
The PVI slCts het\cll boxes and water containers were covered with L dark plastic film 
to prevent lircct esaporation and algal growth. 

I Ile Cottiplc l v dried cultutire medium was first fertilized with 3.2 g of N, 1.8 g of P205,
and 2.6 g of K,() per box before being poured into wooden boxes at 21 kg/box. The culture 
inledili if each box was firsl equilibrattcd with water from the water container through1PVF 
sheets fr 1\. \eceks bef'ole total water uptake was lCaSured. Seedlings were later transplanted. 
No top irrigation was given throughout tile experiment; tile PVF sheets served as sole water 
supplier hfom the water containetr. Tie sheets between box and water container were kept 
at 20 or 30 cm. 

The experimentt was conducted itt the greenhouse witlh mean maxiinum and minim utn 
telinpcralures of 3525 "("thioughout the 4-'-day growth period. Thtere were three replicates,
eaclt with thiree wooden boxes, for cach variely and PVF sheet length. Water taken up by
each ,'oocdert box tirough ltePVF sheet was neasured from the water loss itt the water 
contaitter. To se regate tite airotitl of moistutre foss fron the soil surface as opposed to that 
being lost fron file plant, threc wooden boxes for each PV F sheet length were filled with 
the soil mixture at the beginning of' theexperiment, but without the Chinese cabbage plants,
and handled simiialy as the treatment cltainers. These were used as controls and placed
betweei the planred boxes to provide comparable shading. Water used by tlie plants was 
calculated b tle water lo di fference between the plantcd boxes and the average of the controls. 

At harvei, bead weights, plant fresh and dry weigftts, leaf area of nonheaded leaves,
and water left in Ie wo(dlen boxes were measured. Water usel, retained, and trarn.;pired were 
calculated and subjected to analysis of variance. 
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Results 

Essentially, there nowas head 'ormt ion and lead yield for 1333 in this expcrimentIh averae head %,cigIht of A\VRDI I lvbrid No. 62 was 500 v. )ur results cotnfirm that 
I lybrMd No. 62 is licat-tolerant and 133 is heat-senisitive under our experimental temperattreconditions. tlerr1,Iore, in terns of total fresh and (Irv \ vihts, Il hrid No. 62 had better17 svtl. thati B33 (lable I).Ilossevr, in tertits of total , ter isaee b tlie platit thltouightIllnspiratioil aln, tctition, I lybrid No. 62 used nituch less \water ilhan 1333 under both PVFsheet-leiirthi coildioi, ([athle 2). OnIthie aCrare, at Ieat 55(01 tl of water per day e\re requiredfor both ent ries diirin,e 45 las of vromiu period. I lowever, tlie actual amotnt required would 
depend upon tie slta. of gro',t.


.ost o)fthe ''iler iiiili/ed bv tile plant v'ias losl 
 throtili traispiratiot; only less than0.111, ieiiiaiied i) [lieplntl (labhle 2). fle calculated water relelitiol it the plant tended toIe.asc il Ilylrid No. 02 both ()io the \',ejuit and(ethe percentage has's durin tile wholegrotin pcrtiod or holth Ii,'l . sheet lciiuthis [tie water retained in lybrid No. 62 may bealtribitled to Ial thickness is \.cll as head foriiaion. \Vater cotnsumptioti for unit dy-ialter 
piodiction %aiihi.!,her ill 1133 than i Ilvhrid No. 62. 

Conclusion 

I leat-tor;iint I Isl+id No. 62 plants, \\hich produced heads and greater dry weight thanlieat-sctisitit+ B33 undcl hih tetipecratire conditions, utilized water more el'ficientl,. Heattolcraint plInts uscd less tolal water during tle growtlh period. The w'aliter consutmed to producea1unit of Iry Ialttr -.%as mrire cflicient iii Ilvhrid No. 62 than iii 1333. Our results support!ie fiidiieL heat .Ciiee 
of \. atIe bi1, illirc ipoutaut, on tie plat 'itsahility to uptake 

that linc t(l 01f (hitiese c',blha2e depends not only ol a plentiful supply 
water atid preserve it within 

HIe plait.
 

Table 1. Head yield and plant growth of Chinese cabbage 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/plani) 0 595 0 530Nonheadod leaf area (du:'/plant) 83.8 68.2 93.6 53.6 *Total fresh wt (g/plant) 874 1353 927 1233Total dry wt (g/plarit) 85 108 88 103 ns
','' +Jrh,h ,(,J!llih~r ,r~ ,t + t* ,rldj 1 f* ;1(./ o ld irfL+1to it]( f 1t,!;i 

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

PVF (20 cm) PVF (30 cm)
B-33 No 62 difference 8-33 No. 62 diffe,,. eEstimated total water usage 2731 23.62 30.40 26.89
 

by plant (I/plant)
 
Water retained within 
 789 1245

plant (mI/planl) 840 1130 
Calculated percentage 2.89 5.27 2.76 4.20 

retained in plant
 
Dry matter production


efficiency (rmlwatur/g dry wt) 325 218 * 348 266 +
 
', pic~frC,., 4 - ,:1j l, 
 I.(,), a1nd I% ( * according to tIle F-test 



-- 

Tomato Breeding 

Crosses, Segregating Populations, and New Introductions 
The tropical tomhalto program coiliied to bring ihl additional improvements to fhetropical lines. In11984, nearly I(01' otI the nv. lies tested carried resistance to tonato mtosaic

virus (1loNIV). Sometime ill 1983, the progiria stated incorporating ncinamtode resistance to
the otstaidinle ro pical thtrotth lncithod.eilles the hackcross Itt1984, this activity contiluUed
with more crosses nade to dc\.clop nmiialtode-resistatlt tropicl. lilies and, in tmost cases,
cotnbinaliolls were also deuiecd to intorpotate [he resistatce through the backcross technique
(Tab Il 1). 

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

Tropical Parent StocksC.aracters und.er Transfer".. . No. CrossesHi1,BW,Tm2a,F HT,BW,Tn2a
 
Mi, Trn2a, large fruil 
 6 7 15
Mi, fi'mness, large triuit(FM) 6 7 24
Mi, large frui!(iPT) 6 7 12 
Mi, large fruit, reltinrmness 5 5 16 

,orsoe F3WR, triediuM fruit 3 7 10
BLSH, soni'- F3WR, medium fruit 6 7 13
Dark gr: en shoulcder 1  4
Alcobaca, dgdg 3 3 
Others 

65
Total 

162
Jl'+.(llilSi 1.1 [l+'f ;,i ',;lIl;lrlCo, [112a ToMV resistance, rLSR bacterial leafiFpol i e,.qfrrif. c 

dqdq drri- gl. i I t t)(Inrtril. 13W -bacterial wilt ffrl . W i-c- fro sMf l k.! type.PT] pJrci%~' ','l ty ' !,rrl} 

Apart Iroti ncmalocle rsistlance, special interest was also focused additionaloil
characters that t lie ietnatode-resistlalt donor10S conuld contribute, stici as large fIrlt size, fruit
firtiliess, and, ill a lfcw cas s, addcd resistance to bactcrial wilt. Theretfore, keen attention 
was givel to the choice of intatode-resistit parents to insutre that additional desirablecharacters were p-resent, Since tli recutrren tropical parents invariably lacked them.

As part of' the iouit iie reedin, activities, varions segregating fatilics were plalicd,
scretled tot appropriate trails, anid selctecl or discarded. The fatiilies handled ratiiged frotn
-2/It)'2 to I'S (ntiainly froi SSI)) and IW'1 to lW3 popiulatioiis. '[he latter was tnade Lipmostlk of' crosses that eCresc,regatinii lttr tctatodc rcsistance. All ill all, ai total of 1142 se iegating families were plalled lor ]Selection throughtout 1984 fromn which 1427 individual 

plant and/or line selecliotls wrte dcrived for fil ther tests.
''lie breeding propralli r.ceived a total of 53 le\' introdCLtions. 'IThese are currently being

cvallated for horticultural Characteristics for proper cataloguilg bet1one t i' MT Used. III some 
cascs, a iutnber of' these iew lilies are already heii ti.cd 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. One 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 sometimies included for further con firiation. 

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-toleranit accessions and/or brecdi.,g lines in the program. In 1984, 
these checks were (1,113 1-13-0-0 ald B1L6807. 

Seedlings were ,ow on little 2(1 and transplanted on July 16. Each plot consisted of 
a single 4.8-int-long row, witi plants within the row spaced 40 cm apart. Rows were spaced 
1.5 i Sine this \%as mainlv an Iapart. observational trial to sift out the promising accessions,
the experiment was not replicated. A more extcnsive test usually follows once the total entries 
are reduced to mianageable nlhers.numb 

()i Sept ember 10, the fruit set among differeint entries was rated subjec:tivcly on a 0-to-5 
scale, where 0 --- no fruit set and 5 = hil fruit set. 

Results 

Table 2 shows the (list ribt ion of fruit set scores among the diff,-rent accessions and 
checks. None of the iic\ collections equalled the fruit-sctting ability of the check -ultivars. 
Ilowever, three lines were rated meditti to high set. Although it needs to be confirmed, the 
Sri Lankan and Panamanian lines may possibly trace their pedigrees froii AVRI)C's heat-and 
wilt-resistant breeding lines, since tiheir rcspective national breeding programs have been 
actively developinig locally adapted litics witi parental stocks from AVRDC. The cultivar 
Saladette has been) reportCd 1t he heatl-lolcralnt inpircvious studies done in the United States 
and Israel. Our rcsults simply con firmed past findings. On the other hand, its level of heat 
tolerance did not seei comparable to thal of' iropically bred lines. 

Conclusion 

Iliree accessions, had moderate to iigh frUit-setting ability during tile 1984 summer 
season. A more thorough analysis of their heat tolerance will be done next summer. 
The parentage of tile two lines frmi Planaina and Sri L.anka needs to be confirmed from 
donors to insure that ile breeding program is not simply "recycling" the original genetic 
resources for heat tolerance whent lhese t\wo lines are ready f'or use in furlher 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 light 67 

.1 - 2 very light - light 10 
2 - 3 light -medium 2 

.3 4 medium - high 32 

.4 - 5 very high 2Y 
Total 84 

ZCo isl of T91 (frow Lacrkai). 1- 12 tfom Panama), andtcultvir, Sri 

Saladenle ifmm th USA) YCorisi of check entries BL6807 and 
CL1 131-13. 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 tile tropics. Information on the genetic
nature and gene action of heat resistance, however, were limited.
 

(icrotypes vary in 
 their ability to iransmit desirable characteristics to their offsprings.This informat ion is essential in the proper choice of parents to use in the breeding program.
The tV'pe of gene action tUderlying the inherit ance of the desired trait also gives an importantclue in deciding the breeding methods that would likely be most effective to improve thattrait. ii order to generate information on these points, a seven-parent diallel experiment was 
carried out. 

Materials and Methods 

(rilfing's Method 2 diallel mating scheme, which involves the use of all possible crosseswithout reciprocals aid (lie sellfs of' all parents, was adopted in this study*. Tile seven parental
stocks used, each with Ii varving level of heal resistance, were as follows: L3690, L229, 1232,.11076, 12991, L.125, aid 1.387. Gienetically, the group carries a broad range of diversity since some of the stocks, such as 1,3690 and 1.1076, are wild or primitive species; but both cross
rather easily siti tire other I.. exuh'aulu parents. One of the parents, L387, is completely 
ilcat snsilis c. 

Seeds of all the possible F I's. cxcl udiri1! reciprocals, and sells of the parents were obtainedil l)eceriber 19,2. The materials were son ol April 19 and transplaitcd on May 12, 1983.
llhe experimertlal desi gln was rrtdoried corm plete block with two replications. Individual 

plots consisted oI+It,,o rows, -1.8 in lonie crcch, inl a raised bed, 2 il wide, with rows I inapat and plartI., within the row, 4( c1i apart.
l)ata oi fruit set per chter, amlihieridia cone splitting, stigma exertion, pollen production,

pollen viabilily, ald a I'C,othelrs 'crel, collectd frorn various entries with tile assistance ofilie planphliysilogits. Standard arral\ses of variance were carried out for the different traits,alld only characters which \lc llc;astred with sufficient accuracy ill tile experinieiit were
Itlrther arnaly/ed tsiu the diallel method. 

Results 

)ilv fruit set percentage and antheridial cone splitting gave fairly reliable results With

coefficients of variatiol (('A,) of 
 15 and 12/o, respectively. The otiler traits ranged in CV
from 410 to 44"1( Pollen viability ard pollen production were extremely difficult to assess

accurately. l)iatllel anlvsis carried out,
was therefore, only on fruit set and antheridial cone
 
Splitting.


Table 3 shows that both general combining ability (GCA) and specific combining ability(S(A) weie Iaporrarnt for frrrit set and antieridial cone splitting in this experiment, inplyirig
11,1 additr, e and iolliaddiiye type, of gene action are operating Oil these traits.

Aniong parens, 13690 had the highest (i('A effect for fruit set arid thus, was able totransnit tile highes lcsl of this trait to its progenies iin contrast to others (Table 4). Ilowever,its variance for specific eftecrs (15.9) w%-as high, indicating that this ability was not uiiiformly
expressed in all croses, i.e., some of its FH's had high fruit set, while tire others 'crc low.L1076 transmitted its fririt-seting ability more consistcullv to its progenies than tile otherparents, although Ire lcsel of (GCA effect is not high. As epected, heat-sensilive 1_387 
a riegatisc 

cave 
estirir. i)f (i( '.\ effct, arid thierefore, its Fl progenies wilh the other parents

genlerally had poor Iruit set inncontrast to the others. 
G6-i gi,, i. 1956. ( otIkcpl (;I icrl uandlpOili.: coihimir g alility in r(d lil to diallet crossing systems..\mustraliar 
J. Biol. Sci. 9: .163-.191. 
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The differences among parents in their ability to unifornly 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 hour out of its six possible Fl's curn other parents with relatively
high SCA effects (enclosed in parentheses); but two had markedly lower values. In contrast, 
all crosses of 1.1076 had lower SCA eflects; hut the magni tudes were more consistent 
thioltghoui its array. 1.387, which had tie hi!ihes;t variance for specific effects, had two crosses 

others were 
Table 6 shows tie with SCA e Mffcts with the mid

with high) (A effects; hut rile low and the variation inSCA values was apparent.
crosses high aid how tihey compare 

palenl (Nil') and betler parent (1lF') nicans. In all cases, these Fl's held arn advantage inIfruit 
set over the tlicorctical NIP means and, with tle exception o" one cross (1.229/1.387), also 
over the Iillhtle diallel there were crosses of1,)mcaI, entire set, six within the range 
overdoninant gee ac ion, while t lie rest call he classified under doninance/no dominance 
gene actioni type (labc 7). lhe :ls in tile diallel array were all statistically eqCIal to their 
betitr parents. 

The (CA effects for anttheridial cotie splitting (AC'S) aniong the dile:ent parents are 
shown in Table 8. 1.369(0 imparted the lowest tendency for anthers to split under high 
temperatures, foIIo,,\cd 1\ 1.2991 and 1.1076. The rest of tlie parents had positive (iCA efTects 
for AC'S, indicatill that Itley tratISnit itMainily tue uindesirable AC'S teridency to their progenies.
Aniong the desirabhl parents, 1-1076 had the lowest variance for specific effects, implying 
once again, that it can transmit tie desired trait more uniforinly to its progenies than either 
1.3690 or 1.2991 which had relatively higher variances for specilic 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 Vaoation Fruit Set (6i) Antheridial Cone Splitting 
General combining ability (GCA)
Specific combining ability (SCA) .. 
* - Highly significant al P- : 0 01 

Table 4. GCA effects and v;ance of specific effects (S2si) for fruit setting 
in seven-parent diallel experiment (AVRDC 1984), 

Cultivar Fruit Set Q) .. GCA" Effect' Variance (S2si) 
L3690 38.9 5.58 15.9 
L229 35.5 2.47 16.6 
L232 35.A1 -O.19 9.8 
L1076 35.0 144 0.8 
L2991 24.6 - 0.04 11.6 
L125 16.5 -2.78 16.6 
L387 0 -6.48 21.6 

'General comhinm abiliiy. positive effecl; imply transmission to )rogenies of high 
frUif-seltq rate. 

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

Parents L229 L232 L1076 L2991 L125 L387 
L3690 
L229 
L232 

27 (4,2) 
-3.8 

O4 
2.8 
1.0 

(3.9) 
1.8 
2.4 

(4.1) 
1.9 

-5.6 

(6.7) 
(8.3) 
1.2 

L1076 3.8 1.3 1.2 
L2991 
L125 

(6.3) -1.2 
3.5 
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The diallel array for specific effects of ACS is given in Table 9. It can be noted that,withI the cxception of its cross with i.387, 1.1076 had mainly negative values. On the otherhand, L3690 showed a wider range of variation if] speciftic elects, although the better values(those enclosed in parentheses) werc rather high compared to the others.All crosscs witih high specil'ic elects had lower A CS tendencies than either 131P or NIPmeans (Table 10). Even the cros -1.2991/1.3690 with the lowest SC A effect had slight 

Table 6. Specific crosses with best SCA effects and the relationship of their Ft meanfruit-setting rates to mid-parent (MP) and better-parent (BP) means. 
Rank Combination Specific F1ruit Set ) .. Advantage(o/%) over 

Effect' Fl MP BPI MP 
1 L229 x L387 83 26.3 17.8 -26 482 L3690 xL387 67 47.8 19.5 23 1453 L2991 xL125 63 44.3 206 80 1154 L3690 x L232 1 2 53.6 37.2 38 445 L3690 x L125 4 1 49.5 27.7 27 796 L3690 xL2991 3 9 535 31.8 37 6821 (L232x L125" -5.6 ,3.4 26.0 - 11 21'Positive efhect; mriply f,,., ri I , (, d;h frut olhrng rate Md-parent 'Betterl lr l 
p rot wCorntbirhli(,ri i ',,tl ,Vvih t 1,- !)"A tifo(,l Irififdod only lor cowp ison. 

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

Type Numlber of Crosses Advantage (1) over BP 
(>vordorninarcr 6 38 to 80
Dorninanc 15 -25 to 37Y 
Total 21 

'Mo n Ifill(tI Of I i . ;litrfw; I y h;I1(ct ;I.,cros J- COinp ridi U 
 to beler
purent;! M P) Me;i r fril (etof 1:l ; ir, ww;ri;fic;lilly d(rfeifrllt urnfl hat of BP 

Table 8. GCA effects and variance of specific effects (S2si) for antheridial 
cone splitting (ACS) in a seven-parent diallel experiment (AVRDC 1984). 
Cultivar ACS Rating GCA Effect' Variance (S2si) 
L125 4.4 0.35 0.24L232 4.2 0.40 0.34L387 4.0 0.38 0.10
L229 3.6 0.16 0.18L1076 3.5 -0.06 0.09
L2991 2.8 -0.33 0.15
L3690 2.1 -0.90 0.47 

1'(hGr, rr)rrntnIrbmrln Mi l lly, r qii[ it e ffect,' irmply trtii'; l to progentis, ot tIhe 
detriho IOv., A( ') hal 

Table 9. D,allel array of SCA effects for antheridial cone splitting in a seven-parent 
diallel experiment. 

Parents 

L125 
L232 
L387 
L229 
L1076 

L232 

0 29 
L387 

0.01 
0. 16 

L229 

(-0.67) 
0.38 
0.40 

L1076 

(- .74) 
-0.10 

0 12 
-0.16 

L299I 

0.22 
-0.33 
-0.41 

(- C.59) 

L3690 

(-0.60) 
(-1.26) 
(-0.63) 

0.19 

L2991 -0.37 -0.09 
0.48 
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advantages over either means. hiese advantages were insignilicant, hiwever, when compared 
statistically to the flP mean. 

"iree out of possible 21 crosses in the diallel set had signiticantly lower AC'S tendencies 
than the better parent and may, tIterefore, be calceorized as oerdonintilt gene action type
(Table II). The rest ofI I-1 insignil'icantly different froln the 131P means andtilt.,fiean- wec 

could belong to t d, tiCle
dotinnii no-donfiifaice action type. 

Fable 10. Specific crosses with best SCA effects and the relationship ot their F1 mean)
 
ACS ratings to mid-parent (MIP) and better-parent (BP)means.
 

Rank Corubmir~ti, i Specific Man ACS Hating' Advantaqe(0.o)over_
 
Fffoct" Ft MP BP MP 

1 l232 x L3690 - 1.26 1.2 3.2 -43 -62 
2 L125×Lt076 --0 74 2.5 3.9 -28 -37 
3 L125 xL229 -0.67 2.8 4.0 --22 -30 
4 L387x L3690 -063 1.8 3.1 -14 -41 
5 L125 xL3690 -030 1.8 3.2 -14 -45 
6 L229 x L2991 - 059 22 :3.2 -21 -31 

21 (L2991 x L3690)" 0.48 2 2 2.4 -5 -- 10 
riivti.'t ,'1N t I.iuf F F', if if it, p. m in ," .:floWv ACS /GS anlht:n.rl cone splitting: 

MP nd purr+.i 'I'f .nt will!tlh lu'v:21 ftIfcl luCldeJ onlyri ltu ,F F; l vnt h SCA iS, 

for M~fr-,F,
(Fr 

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

Typo Nuorber of Glosses Advantage(%)over 13P 
Overdomnance 3 -22 to - 43? 
Dominance 18 -21 to + 14y 
Total 21 

A(' Fr '.; pht',,!IFrF r2 . . , Ir Ii., I.w,,'r th,, fhrwhr l(RP) YMean ACS of Ft's are 
l !', 'F . rrlltF'Ft rWIf. F 

Conclusion 

A s'eCn-paretlt diallel analysis of parental stocks with various levels of heat tolerance 
indicated Ihat the trait (here expressed as percenlage of fruit set) is conditioned by both additive 
and oitadditi,.e actig enlos. Sinilar results were obtained for antheridial cone splitting, an 
important cottllponlltt of heai tolerance. this coneruence in i'esults is interesting and is partly
supported b',, ll. coirelation (r 0.67, dl 26) fruit set andliet.,hius sit,niticant - - between 
'CS tettdency' if the c\p,.riutet. 

Itle resul, iitply that both colIetnlional breeding methods Which lake advantage of 
additively actiil, ucuens, a" \,cl as .1Ihyhrid breeding, would be effective illdee!o)ping varieties 
with ituproved tecels of' heat tolerance. \Withl tie latter, it is equally important to find 
comibintations flit also nick well for aicterial wih resistance, since this is another important
Constraint to tropical adaptatiot. Iased oti previous results ,ilf diallel analysis of* wilt 
,'esistance, it appears thtat thisI, olild be p)Ossible aid could be secured, especially ifboth parents 
carry somute leels, of ti . . 

Yield Trial of New Tropical Breeding Lines 

Introduction 

T'he tropical tolato breeding progratil continues to generate new lines for testing under 
hot and hunid tropical conditions. In 1984, nearly 100% of' lie new lines that w'ere tested 

http:anlht:n.rl
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carried ToMV resistance as all additional improvent over the older tropical lines. In almost 
all cases, the new lines under test were derived through the SSD (single-seed 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 lilies that were initially tested for heat tolerance and wilt resistance in 1983. 
Of these, two were preliminary trials of deterninate lines and one of' indeterminate lines. Tie 
fourth set was an observational trial of relatively newer SSI) liles that were selected for heat 
tolerance from the 1984 late spring planting in the bacterial wilt ntrsery. 

The preliminary trial of inleterinate lines consisted of' 30 entries, and two of Taix\ n's
 
fresh-market cultivars as checks. This trial was sown on ltune 5 and transplanted on J.'" 
6, 1984 on a randomized complete block design with two replications. Individunal plots consisted 
of two rows in a double-row raised bed, cach 4.8 inlong. Spacing between rows was 60 cm 
and between plants wiliii rows, 40 cut apart. All entries were staked and lateral shoots were 
prtuned . The number of' developing fruit clusters was kept at seven per plant.

The preliminary trials of' dcterininate liles were divided into two batches. Batch Iwhich 
consistcd of 29 cntrics was sown oil .1ilne 5 alld transplanlted ol .luly 6. The design was 
randomized ,.oitnplee block wilh two replicati ois. Individual plots colnsisied of two rows, 4.8 
ill long each. Spacing between rows \was I.5 illaid helween plants within rows was 40 cm. 
Although all entries \%ere determinate, plants were supported with short stakes to minimize 
frtit spoilage due to wet soil conditions. Batch II consisted of'25 entries and was sown on 
April 27 and lransplaitled ol May 24. Plot size, clesign, and plant Ianagenent were similar 
to ltcli I. 

The observational trial of ne1wer .51) lilies consisted of -11entries. This trial was sown 
ol .tuite 19 and Iraisplatited oi .July17. The experitiienial design used was also the randomized 
complete block vith two rcplicationls. Individual plots consisted of single rows, each 8 illlong,
with rows spaced 1.5 inapart aid planii within lhe row, 40 cm apart. Again, ilbeplants were
 
support ld with short stakes to keep theil fronl louchiig tle wet gronrid.
 

All entries inthe preliiinary yield trial were also planted in the bacterial wilt nurery

to con firmnt thcir lesistalice lcvelS,. tonr plaltilnit s were made consisling 0I' (etermiinate and
 
indeteriniiate lines, each split into two batches. The plant pathologists prepared the wilt
 
nursery by first planting a population of' 1390, susceptible host cullivar, and then artificially

inoculating ihenii \\ill]ithe wilt pathogen. After imost of lie plants died, they were tLurned under
 
and the nursciy was innediately planted to the test materials.
 

No further artificial inioculations were made and infection completely depended oil tie
 
altlural inioculil. In all cases, the randonii/ed complete block design was used. Individual
 

plots for deleritlinate lilies consisted of two rows, each 4.8 inlong, anid spaced 1.5 inapart.

Spacing between plants within in)the row was 40 ci. ['or indeteriinate lines, individual plots
consisled of, tw rows, each 4.8 in long, spaced 60 cln apart in a double-row bed. Spacing
belween plaits withi n the row was 4(0 cn. 

Results 

Table 12 summarizes the performance of the best indeterminate tropical liles as 
compared with the fresh market check cultivars. In all cases, lhese liles outyielded tie check 
varieties mainly because of their heat tolerance isevidenced 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 culiIvar, lrS'#1. 

Vine weight and iatuily did liotdiffer aimong entries, but fruit sizes of' the tropical
lines wvere still smaller than those of the check cultivars, except Cl_.5915-206-2-2-0 which 
produced fruits of' comparable size tliat #1,thiough still significantly smaller thanto of TSS 
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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 liles showed relative 
susceptibility to bacterial leafspot (BI1S) 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 CLI 1131 series outyielded their sister line, CL 1131-13
0-6, tile best heat-tolerant line from last year's trials, in the Batch I 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 CL 1131-65-13-0-1). In general, these new lines were not better than CLI 1131-13-0-6 
in fruit size. Fruit set of all lines (except CLI 131-65-13-0-1) were good wili 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 lilnes had comparable yields to that of CL 1I31-13-0-6 even though their 
fruit set levels were significantly lower. (1,5915-93-1-0 produced fruits 't least twice the size 
of those of the other lines. Bacterial leafspot infection, which came rather late in tile season, 
was not too severe to affect fle ourcole in this trial. 

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

Fruit Yield (t/ha) Vine Weight Maturity BLS' Fruit Size (g)Pedigree. . . . . . . .
Set (0 

ii) total marketable (kg/plt) (DAT) Rating mean range 
CL5915-553-6-4-0 50ab 31a 26a 0.5 79 5bc 23bc 14-37 
CL5915-553-6-6-0 51a 29a 23a 0.5 79 5bc 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 4ef 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 2g 33bc 20-65 
KY 301 (Check) 2n 0.6k 0.5n 0.9 80 7ab 80a 34-100 
CV(O/o) 14 26 25 25 4 16 19 -

111117h;'BLS 11: 1f11o 

Table 13 Performance of determinate lines and the best-yielding heat-tolerant check line 
in the preliminary yield trial of Batch I (AVRDC 1984). 

Pedigree Fruit Yield ft/ha) Vine Weight Maturity BLS Fruit Size (g) 
Set (%) total marketable (kg/plt) (DAT) Rating mean range 

CL 1131-26-1-0-1-0 53ab 40a 28a 0.6c-g 74f-h 1.5 17e-g 11-26 
CL1 131-65-13-0-0 37a-c 32ab 26ab 0.7c-f 74f-h 2.0 20b-g 15-34 
CL1 131-26-1-0 55ab 33ab 25a-c 0.6c-g 74f-h 2.0 16tg 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 18e-g 19-32
CL1 131-13-0-6(ck) 46a-c 17c-g 16f-i 0,2hi 64i 4.0 18e-g 1:.26 
CL5915-153-3-3 53ab 23c-e 20c-f 0.4e-i 74f-h 5.5 24a-f 19-40 
CV(IO) 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 II (AVRDC 1984). 

Fruit OF Yield (t/ha)Set (QO) Fruittotal marketable Size (g) 

CL5915-136-1-0 21b 13 82 38 35 34h 
CL5915-93-1-0 23b 14 82 
 38 31 66a
 
CL1 131-13-0-6(ck) 37a 12 76 37 34 30h 
CV(q,b) 13 12 3 24 25 10 

zDays to first trariplanlri YDaysflocvrn ho trn g tomaturity from Iransplanting. 
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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, CL 1131-38-4 (Table 15).
However, most of the new lines had improved fruit size over the check and had generally
similar, it not better, vigor in practically the same growth duration. These newer lines have 
not yet been checked for bacterial wilt resistan~ce and it remains to be seen whether the large
fruited forms would carry adequate resistance. 

The results of bacterial wilt sreening by natural in feCtion in the wilt nursery turaed 
out to be undependable (Table 16). In almost all cases (with the possible exception of the 
sp/Batch 11 test), the level of mortality in tile standard susceptible check was quite low andless than 500/o. In the sp/Batch 11 test, this in fection level reached only as high as 62% for 
ile susceptible check. The heterogeneity of infection was apparent f'roll the high coefficient 

of variation (CV) in almost all tests, except in the first planting. From these results, it was 
not possible, therelfore, to confirm tie resistance levels of' the di fferent lilnes 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 -- Y_ield (t/ha) Vine Weight Maturity Fruit Size (g) 
Set (%) total marketable (kg/pit) (DAT) mean range 

CLN95-77(D5)-l 44 .44 37 0.7 b 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 '16 44 36 0 9 bc 86 bc 44b 24-52 
CLN91-392(D5)-I 43 4A 35 1.1 abc 87 ab 50a 29-80 
CLN91-392(D5).2 46 41 33 1.6 a 87 ab 36de 22-50
CL1 131-38-4(ck) 36 34 29 0.7 bc 84 cd 25f 19-39
CV(O/b) 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. 

Number ofDuration Group Entries Infection()/oYCV(q') ________ 

range (L390) (L285)
5/17-7/11/84 sp' (I) 36 15 0-63 26 0 
5/17-7/11/84 sp (I) 30 32 0-66 37 10 
7/3 -8/22/84 sp, (11) 30 95 0-56 14 6
7/3 -8122/84 sp (11) 36 79 0-62 62 7 

"I t) nrr lri ' 'sCeptilIr? check, 1285 l,indard most reslianl check. 

Conclusion 

:our sets of hot season trials identiied new liles with better yields than tile check varieties
(as in tile case of the indeterminate tropical lines) or comparable to the best heat-tolerant 
check line (as in tile case of tile determinate tropical lines). In several cases, fruit sizes of
the new lities were twice that of the check especially those in the determinate groups and 
had better, if not equal, vigor than the check: In the indeterminate group, the largest fruit 
size among the tropical liiies was only comparable to one of' tile fresh market check cultivars;
but it yielded at least seven times niore. [he main advantage of tle tropical indeterminate 
lines over tie fresh liarket che,:ks was in tlie level of heat tolerance. 

All new lines tested in 1984 carried ToM V resistance and represented one' of the major
improvelments over tile old tropical lines. All improvement in size also stens apparent,
especially ill the newer set of SSI) lines, but the wilt rsist~tlce of the relatively large-fruited 
forms needs to be confirmed. 

No clear-cut results could be obtained froi tile screening of lines by the natural infection 
method in lie \wilt Iursery. Unless tle procedure is improved, the breeding progratn should 
resort to tile old seedli ng-i noculhat ion 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 tropical 
 lines during tile hot and h liid suninler season have been demonstrated to
 
be higher than those on the standard 30-cm bed height. A small expc.rimcnct was conducted
 
to Comparetihe t \tohed-hcilh; syst em';.
 

Materials and Methods 

Iwo groups of llatelials V.l: tsted in this experinment: five deterniinate lilies and five
 
indeternijiatte lines,. tacil group con',tilutr SCpa.ratC CxpCrilneClts.
 

All niaterials werC sow\n ol [le 20 and transplantcd otl July 16, 19d4. Thelcdesign wils
 
Split plot consisting ol t\\o replications \\ilh bed height aismain plot and lite as stubplot.

Individual I7otS conIsistCd of t. o rows in a doulc-row bed, each 4.8 in long and spaced I 
it apart. Spacin2 bCt\\Cl plants \within the row '\;as 40 cutl. The iitdctcrninale lines \\'ere 
staked and pruned, and only seven lruilill clusters \were naintained per plant. The detcrminale 
ilnes \\ere also supported by slhort sitakes to kecp tti fruits froin sagging to the w.l ground.
 

1-torticulIural and 'rui 
 tltiality data \%ereC neasurCd iii the CxpCrilClltS. 

Results 

Table 17 shows a sulllliary of tlhanalyses of 'ariance for the determinate !:ies including 
tllV!vhotrails slowed significant variance soutrce. As may be noted, bed heightse s\'hich 

significallly iniflICntcd oly fruil size and tlie extent of bactlrial ICalspol inftlioni, but did 
itot aIfct yield at all. In Contrast variation due to genoiypic diflerences between lines was 
signiticant illall ca s. 

C1,5915-153-3-1I had the highest muarketablei yield andL higLIest fruit setlting rate (Table
I). Oualit v-\\isC, the lines v:rried it trIlls of pAI, total soluble solids, and color. 

The cflet wIgh tnanifcstcd attdof bed is clearly oil fruit size B1.S infection level 
([able 19). Plotl otlth Itigh bed g -'sigtilficantlI hteavier inail fruit \\eiLht than those oil 
the standard bed hteight IIow\CVcr, higIh-bCd plots shoe d siglnificantly hielter 131.S infection 
rate. 

Anong tihe lines, ('15915-223-2-2 atnd 5915-39-1-4 produced tile hcaviest I'ruils aind had 
the least BL3.S int'cctiti (Table 2(). In contrast, the two entries with the highest yields had 
the sniallest fruits and the highest BI..S infection rates. It ik c!ear thit in this experin-eiit, 
fruit size and 131.S itlection did not play a sigiificanti role inLictteriniing the final yield of 
the lines. 

Table 17. Summary of the analysis of variance for various characters in a littexbed 
height experiment on the determinate group (AVRDC1984).' 

SourceVaitoof eFruitojDF' DM' -- Yield(t/ha) ..Vine Weight Fruit SolublewpH..ot.r...

Variation Set (0u6 total marketable (kg/plt) Size (g) Solids 

Line .L. -. .
 
Bd iieight(H) NS NS NS NS NS NS 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 onv ttIc, w iichtindic;ted sigiificance for any variance source YDays to first
 
flowering Iron Iiinziplnhltig Days to natuty forn transplanting. "Measfed as 'Brix.

VBacterial eafspot
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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 Ohe highest marketable yield even though its fruit setting rate didnot 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 1LS. 

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

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

Fruit Yield(t/ha)Breeding Line Set (9,o) DFa Vine WeightDM' moarmarketable (kg/plt) pH Brix" Color 

CL5915-153-3-3 46a 21a 86a 37a 33a 0.5bc 4. lab 3.9b 2.2b
CL1131-13-0-6 36b 14b 75b 33a 26b 0.4c 4.2a 4.8a 1.7c
CL5915-223-2-2 17c 17b 88a 34a 26b 0.8ab 4.2a 4.8a 2.5a
CL5915-39-t-4 16c 88a16b 23b 17c 0.7ab 4.2a 5.4a 2.6a
CL5915-204-1-2 10c 16b 89a 18b 13c 0.9a 4.Ob 4.7a 1.9bc'All means ar averaged across factor 3 (bed height), includes only traits where bed height had no 

srigniicaril effec;. YDay!, to first flowering from transplanting. 'Days to Malurity from transplanting.
WMea,;ur(d as '[3rix 

Table 19. Comparative fruit size and BLS rating between low and 

ihigh bed plots in the line x bed height experiment'. 

Bed Height (cm) .. Fruit Size (g) BLS Ratingy 
Low (25) 32b 5.5b 
High (60) 37a 6.3a 

'All nean,; afe iwviqed acro!;s factor A (determinate lines) YBaclerial lealspot. 

Table 20. Comparative fruit size and BLS rating among determinate 
lines in the line x bed height experiment'. 

Breeding Line Fruit Size (g) BLS RatingY 
CL5915-223-2-2 41a 4.2c 
CL5915-39-1-4 41a 4.8c 
CL5915-204-1-2 37b 5.8b 
CL5915-153-3-3 28c 7.Oa 
CL1131-13-0-6 25d 7.8a 

ans ivrar;god fta 13tbed'All etn ar acros!; lor hi ght) YBactr;al ealspol 

Table 21. Summary of the analysis of varianice for various characters in a linexbed 
height experiment of the indeterminate group (AVRDC 1984).' 

Source of Yield(t/ha) Fruit Titratable
Variation total marketable Size (g) Brix Acidity 
 Color BLSw 
Lines(L) ... 
Bed Height(H) NS NS * NS NS NS NS

LxH NS NS NS NS NS NS

CV(Ob) 2 21 23 10 7 12 9 18
 

'Data includes only lhos, w¢,,rii, trridcaled srqrrifrcarrce fur aily variance ;ource - significant
at P .05: * * signiifcrnt at 11. fl Days 
 to first flowerrig from Irarisplarilng xMeasured
 
as 'Brix. WBachoital lealspo
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Among the lines, (1.5915-206-2-6 gave the highest mean fruil weight (Table 24). Days
to flowering also varied significantly anionig lines eCn thou l hile difference was onil y one day. 

Table 22. Comparative means for various traits of indeterminate breeding lines 
in the linex bed height experiment (AVRDC 1984).' 

Breeding Line Brid/ Titratable Golor BLS
total marketable Acidity Rating' 

CL5915-39-1-2 17b 14ab 5.9a 0.39bc 2.3a 6Oa 
CL.5915-206-2-6 24a 18a 44d 0.32c 2.1 a 5.Oab
CL5915-270-1-1 8c 5c 4.8cd 0 40bc 1.6b 3.5b 
CL5915-402-3-2 6c Sc 5.2bc 0.,5ab 2 a 6.Oa 
CL5915-214-1-5 15b 1Ib 5.8ab 0 53a 2 2a 5 2a 

sig nicarit ,, , i . , S l.r,
l; ,, u , ! , ' I!i ' , f r d .
 

Table 23. Comparative days to flowering (DF) and truit size between 
low and high bed plots in the line x bed height experiment.. 

Bed Height (cm) DF' Fruit Size (g) 
Low (25) 18a 32) 
High (60) 

l 16b 37a
ZA ll rin,. 1 to I

r ! , . l'*rb ," : fI ,- ~ m! r.t:'I , r,.. ' v IhI 

fIvIow f ri r , ,er -i 

Table 24. Comparative days to flowering and fruit size among 
indeterminate lines in the line x bod height experiment'. 

Breeding Line DF' 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 

7;,17-,-,.d.i,7, K u, '.,, d oiiil)ro. 0t((,r I Y[)iy to lrflfloweilg 

Conclusion 

Bed height did not aflect the yield of tle tropical lines dnriing the hnmid sulmmer scasoll. 
Ithad tosignificall effect on alllost everv charact(r llcasuled, except fruit si,.' which occurred 
consistently in both determinatc and itldelerminatc lines, HI.S infection (detcrminate lilies),
and days to floverilg (indeternlinate lines). 

The main dilTerence b e ecilthis CxprCl-illnicll and those of' lile Soil Science l)epartllnlet
is the absence oftthe o,,crhcad plastic shade o,,cr ilte hih-bcd scheme. Under conditions of 
heavy rainfall, fruit setling amiong lines could he affected: alnd tIunder s',hadC, this Ce'Ctct woul 
be abseti. In Ill )rCesClt CX)CiIICnt, frtlit sCtliin differed miainZl among liles (in tIme 
delerriniate groi p): but bed lilt had no itilcntcc at all on the trait. 

Rea dles,, t(lihe hed sstctt the hithest ntarkctable yield illthe best deterninate line 
was 33 i/ha. ()t indcetcrninaC lilies, fle tiicst ICcordcd yield was 18 t/hia. 

International Trials 

[he tollialto plog all distribttcd a total of 4,729 packets to 304 coopcralors in 77 
cotutrics inl1984. This repriscntcd a I94 incr,,ease over tle 1983 seed shirnem. Most of 



tie lines distribtred s\%ree imprIoved types carrvingi o,I\'v rerIstance, in addilion to the wilt 
and heat resistance that t1le older tropical lines carried. 

A f'e\v filed reports oi 1heir trials. lII mnisv,cas s, these trials d.ealt withcoopertors 

we+re
the oid lines 111at distrint,.ed bCfore. I here..inot ninch 'eedlback on the perl'ornmance 

of' the aew tropical nat errals. 

Malaysia 

Nir. iWha\l'ai liu of IPtsat l rclr-eltnarall l.anatiar l'aitLau reported the performance
of iAVRI"s tropical lines in coomp)arison bo l 59, a local Check Clti+ar, in a trial condncted 
at Serdarre (lable Althouyh ('I. 11)4-71-4-3 55+as comparable to the local check in terms25). ull 
off yield, it, frmit size , resistincc s'crc iteriom. (1.9-1-3 was considered the mostamiL \it 
acceptable as I'r as s.illresistance, and trtrit sie, shape, and color arc concerned. 1:l59 
pcrformcd \ell, but it', cickse\cec ,usccptillilitN iakes ittitacceplable in the local market.

Dr.. A.M. Nokll;tr of fte l)cparttmnt of (enctics, !itiversiti Kebatigsaan Nalavsia,
rcported thtl two . VIR I :-rrmt,r'r a 11111 and rm2a genes for "'oVNIV resistance 
are beCin used in hi,, plo t. 

Indonesia 

Fluelhi vu AL'rinlhturral lclitrical Mlissionr to (Cetiral Java testecd 10 lines belonging
to tltC1.1131 and 5915 a,erics it ,l hrlinirly trial at BPlP 3oobodur, IKablpaten Nlegelang.
[our liies qtood ot ill tcrt,, of ucraFll pIodmticity antd \kilt "The highest yieldresistance. 
of 83 1 ha ias Irot ( I 1131-43-8-1 ilia vrowil duration of 108 davs. Very good, tte.d 
yields \%Crc alo recordedinIt rhee ohtr line,, ( lahi 26). '[Ie resistance to bacterial will of 
thle best .viehlirlc-,Cd frot'l moderate to htilt. Iritim 'i/cs of tcco lines, C1.5915-93-I and
('II131-7-2-I1, sCere alo betlul that tile others. heirciti rlesistance were at best only
modcrlue, hrocs,+cc. I crulr.sCd c ithtie pCilfrittartce of the litres, tie laiwar Mission Sold 
lr,,cst sarrlpfc, in f1tc' itllklit rke t f'llrp tol P t ctILItccfr test. 

.\rontlhcr .\\V (I)( ;ccc-,iot (15) sci realeased hy tie (Central Research Institute for
lhoticilltial (Crops at But ttihckt Ile ic H'rlittiliueIbis is highly resistant to
b cril ,ul itt mid cart lhe Lrottkl i fuslIMdl clC atiusa like tile preciotis AVRDC lines, Intan 
arld la1ra, relcas d \ the It doliciltn national ptoe'raittl itn 19-/,. 

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

Entry Yield It/ha) Fruit Size (q) Wilt Infection (0,6) 
FP 59(Check)' 62 -t 29 
CL1104-71-4-3 61 3,1 37 
CL9-1-3, 41 47 25 

'l (ll+( ( ;I ' 'lti' ' ' ".''" .. . ..; . '~+ + Ie.'. rTf irnciJ '' '' A.g 

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

Entry 
 Yield, (It/ha) DM' Fruit Size (g) BW" Resistance 
CLl131-4- 3-1 83 108 42 R 
CL5915-93-1 66 110 78 MR 
CL1131-65-13-1 6, 111 42 R 
CL1131-7-2-11 62 108 68 MR
 

1r,0 51l ',h,l h ,, fwi, d (a orillw:irtI'dt t,iti " RFin(qn
of ynId (10 entries) 
- -lTi hi ').i,; , to tr;iltly ;il,tr tr;i't<;)IrtiPrrq w[FalgI., of LaCtefa;tl willreaction 

(10 enlriw,' i 

http:distrint,.ed
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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 resca:chers of the Sugar Industry Research Institute in NMauritius 
aijd has spread in use throughout the Indian Ocean islands. The other AVR DC lineswere 
susceptible as expected. CL-1561 lines are processing types not bred specifically for tile tropical 
areas and, therefore, dc not carry any resistance to bacterial wilt. 

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

Production(g/pt)ma ketaWilt Infec tio n' (Po)tC u lt iva r total marketable 

Roma (check) 100 93 56 
Rossol 93 470 310
 
MST 25-7 y 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 
L4094 100 591 341
 

'Data obtained from artificial inoculation. YMaurilius selections from CL143. 

Liberia 

Cooperator' frm tile (cntral Agricultural Research Institute at Suakoko tested 10 
AVRI)C lines. The best yielding line was CI. 1131-7-2-0 which gave a substantially high yield 
over tihe local cultivar during tlie hot season (Table 28). 

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

Enty Marketable Yield y (f/ha) Fruit Size (g) 

CLl131-7-2-0 19 17 
Local (check) 0 

'No s;ttn;tcail analysis provided yMaximuni yield atlained 

Zimbabwe 

Dr. NI.). Nzinia of the Chidrezi Research Station tested 16 AVRI)C lines against 
commercial cultivars from September to November 1983. Mean minimum temperatures during 
the duration of tile trial ranged from 13.70 to 18.61C. The best yielding AVRI)C line was 
CL 1131-38-4 (30 t/ha) as compared wit it Heinz 1370 (62 t /ha) (Table 29). There was no 
significant diffeience in fruit-setting rates between tlie two cullivars, implying that tile main 
advantage of the tropical lines wa, not c.'xprcsscd during the trial. 

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

Entry Marketable Yield (t/ha) Fruit Set (qlb) 
Heinz 1370 62 a 50 
CLI 131-38-4 30 c 56 
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Brazil 

Dr. Simon Cheug of ENIBRAPA-(? PATU has been actively testing AV/RDC tomato linesfor adaptation to the Ama;,on, and found CII 13 1-38-4 tie best line for the wet, low-light
intensity season. In the 1983 wet season, CL. 1131-38-4 gave the highest yield (although notstatistically difl'erent from others) over the local or introduced cultivars, and had no bacterialwilt infection (Table 30). The main problen is its small fruit size. It has, however, been actively
used in their brccding prograni to develop iniproved cultivars for the Amazon. Its adaptaLility
to dry season plantine is acceptable; but other varieties, like ('araihe, are preferred for its 
larmer fruit size (T'ablc 311. 

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

Days to First Harvest Total Yield_tha) Fruit Weight' (g) Wilt (/)
Caraibe(1) 85 14 74 a 2
Caraibe(2) 85 13 68 a 14
lguacu 89 7 38 b 71
Kada 97 9 40 b 32
CLl131-38-4 85 19 26 b 0 

"Means Iollow d )y di t I.tt,,; are '.tiihstically significant at p-:)005 on the 
1 ukey's he, t 

Table 31. Production, mean fruit weight, and wilt percentage among
introduced tomato cultivars evaluated in the 1982 dry season 

(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 16CLl131-38-4 36 b 25 d 0'Mean'; followed by different letlei; mii , ;lati ically !;ignficanl at P = 0 05 on the Tukey's 

test 

Nepal 

Nr. Reshi of' the Institute of' Agriculttre and Animal Science (IAAS) at Rampur tested
16 AVRI)C lines against tile cominercial cutivar Roma and local cultivar Rampur Sano duringthe sumtner 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'. 

FruitYeldFruit Leafcurl 
Yelda DFHriYield Set' ScoreTasteDFH Y Size Fruit VirusWr 'Entry .. . _ . .(g. t/h . . . ) ( %) 

CL1 131-7-2 35 62 20 ef H 2' 2.8CL1131-43-10-1 32 62 21 ef H 38 1.6CL1 131-13-0-6 30 62 24 ef H 78 2.2CL1351-1-9-10 25 70 22 ef M 0 2.4Rampur Sano(local) 22 66 6 g H 0 1.2Roma 35 71 35 c M 21 3.0
'Alt figaru; ifr. averaf, of thure ihplic.i r. YDays, to fi;t harvest 'F-i high .;el, M - moderate
set. 'All I(fi;ftlo , of viw, rii'Cihn are lurrped together as lealcurl virus. VRated from 
0 zinferior la;te to 1 good t;ate 
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yielded the highe"t arI scored best with the laste patel. '1.A 11-7-2, however, had tile Satl 
high yi'ld and a colmlparablC taste acceptaility, in addition to t a, shorter ro'tvlh duration. 
According to it. Reslhi, c'arlicte, i' all ittpoltatt att1ribute tot a \ariely to hit Ih Npal mark 
arly. ('1.1131-7-2 also had the added advattac o0i InchIer Ifruit set ,Itriing the hot season because 
ofh its heattle[tt'ce ' hich Rolla did not po,,e,,. It is appaent 'rom the trial, however, 
that the his adsantac was tot I',lv C\Ihesd as Roma still yielded rclativ'' well comtpared 
to the tr{opi:al lite.s. 

like the local variety, ('1.1351-0- Iitad no ins ildeetio. Irtnit sites o1 all lines tested 
were much larger than that of' the local 'rall, Mrit assessed the potentialMI. Reshi 
of' (lte topical liles to be ,c.y -,ood It prodttction itt tIre Nepal plai.is dtrintg the hot smtllmller 
seasol. lhey are Cornittttin.u the trials to Coie tip ssith a reconinte.tdatiol to the local farmers. 



Tomato Entomology 

As in tile past, entotological rcscarch actis itics il1984 iiivIcd host plant resistance 
to insct pests, itainly toinato 'ruit,moI, licuihdli.,, i/lli.,/allubner (l.epidoptera: Noctilidac),
and cottoil aphids, ..Iphi., .'i,'/)/)i ( loser (lloinloptcra: Aphididac). In addition to these
aclisitict,citomoloeit alO lso i intdlidicilinary rc,,.,searcl on cx plhelollnllespaticipatCd il 

ato s otillloll I'l'nilill.
 

Fruitworm Resistance in Segregating PopUlations 

Introduction 

"l\%,o polyphiaLon s insects, I. urmmi, rcu and .S'/)odoltcru e.xi,lo/ li blier (IcpidoptCra:
Nocittidac), arc il,portant pests of' toitato iinSoutheast Asia. Bothh insects attack f'oliace inthe Caihs larsal inlstar < alld frut in their later ililai,. I-lie major dailnlae occurs inside the

In1198() ntIrtlil. nllioloui,,ls colliled Iruilworll rcsi,,Ital(c Iol to L.copltrsion hirsui unf.//,,' accession,. \VRI)(", plant Ircder hla, cl-osCd Ihem with cultiVated tom1ato 
to breed "t itIto cti. viiti frti\\ormin res,,tancc. Iiil 1984 the backCrosSprogen, \\ois ill) thle a etll, \were testCd to ltl\ tile iIIheritamicC 01' resistance an"d select 
res,,istant ciitie 5IlCh hase Lood htorticultural cliaiictct. 

Materials and Methods 

In late I)ecemelir 1983, three plant we\re 'lecteCd f[rom the 11C21:1 popnlatioii. These
plails had rclatis clv higuh llliitirlll resic,,lSan iItlid bicger ltill those of the Iinutsworr

/llsn11/1 Ilhereist lt L.. ll-,cr,:nt,iitii B('21"2 ppulation was screcned for resislawce to
tollalto muss o'i llol ! th anl:dt.ntlll stsceptilc patrent.

The pedcic of thle trl ial, scr.ne ,a :I,,'llf lws: 
1.('I5321WII-1392 (bilk)-IW2l.1300 2. ('I53s21W'11-1392 (9-0)-I1C21[l-458
3. L*1 53521W11 -1392 (9)n)-I( 21.1-469 -. (.1591-5-0-1-2-) (susceptible parent)
5. 70\PI 1341-.\ Iist,,it palrlAi) 

i in llnd ,ccdlin2 
Illilid-Millel 1984)i- . li;i Ield lrlmotillcd and wrk.d into beds 1.5 

Tlie cedsc.le tI tills flile .i~osI intilie prc-iliou , for ltir weeks. 
Illwide. Tolaillo

sccdlies \CIC lliliniiCi il in aiinlue ro\w ilcich bed al idisanicc of, I In bclscn seedlilgs.Ole ro f1sIlcepliblel paiil \la platmcd ;altcr c\ci, inine mo\ of' 1C2F2 material,an11dresin pal'ilss crc' i-iitc tl i te ed.e of eachIow. 
Thie Clop \\;is t;ised accoiiii to ctoIlliar\ ctilluirll pricticcs, C\CCl Ihal Itoinsecticide

si,1pp1fliCd. Al ililC'isil, lIhlhttI;itory-raiisc'd lrtisori peipit r isctl the\clc to atlille.nl
;1inbiciut i[nCsCI pC' lpoptlaii . Fiach plinlt \was Cs ilalilcd twice bs coUiinu li' riliworill
datiliailed aild t(otil iiiiiber of fruils. ()lice diril, [Ite sii-on, [tlie lea\Qs \ere Sampled andfive hirlt-iiiar llr\c of llollllto fri'iworl wCreCexposed overt lthe leas es ohf each plaIllt. Larval
iiorltllily \,,as iccordcd al ilitersilk dining at Iisc-day CxposurC period. 

http:atlille.nl
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Results 

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

Conclusion 

During the past two e'ars of backcrossing and resistance screening, a fruitworm-resistant 
progeny with higger fruits than tile resistant parent was selected. However, fruits were still 
smaller t0,a t hose of the conventional cultivars; therefore, further backcrossing and selection 
are necess.;atry. 

Mass-Rearing and Sex Pheromone Studies on Tomato Fruitworm 

Introduction 

The tomato fruitworn lays eggs on tile foliage, and the larvae bore into tie fruit and 
feed on it. Once inside tile fruit, this insect cannot be controlled easily by conventional means. 
[reqnc(iit use of insecticides increases production cost, poses health hazards, and induces 
insecticide resistanc. 'o develop a broadly based it egrated management of this pest, AVRDC 
joined ain interdiscilplinary team sponsored by the National ;cience Council (NSC) of Taiwan 
in Noveniber 1983, to develolp 'eldie sex phieroinlones to combat this pest. AVRI)C volunteered 
to iniass-rear this insect tor isolation and sex pheronione characterization and to carry out 
field tests with vi rgini feniales and syntletic sex pheromone. In 1984, a nass-rearing techniqune 
was developed and field tests were initiate in )ecember 1984. 

Materials and Methods 

A large iiniher ofI frlit wormn larvae were collected fron toniat o and corn in Tainan 
COlIt y and first reared oil host materials, suli as toniato fruits, corn ears, in tlngbean leaves, 
and water-soaked intngbean secds. Since none of tile natural foods were suitable for mass
rearing this insect, we switched to an artificial diet. The diet (Blio-Serv. Ct. #9219) is based 
oil agar, casein, sucrose, wheat cerin, salt mixttre, cellulose, methyl parabenzoic acid, choline 
chloride, formaldehyde, and vitamin mixlure. 

In order to decide ol tile most suitable temperature requireinents, tomato fruitwormi 
larvae were reared on this diet at 20', 250, and 30 'C. The right temperature was one with 
the shortest larval period and minimum mortality and abnormality. 

For tile iating and oviposition study, various containers were used ranging frorn 14 cm 
diam x 30 cii tall plastic jar to 60 x 104 x 114 cm invlo., net cage. The ones that gave the 
niaxiiuni number of fertile eggs were selected for routine rearing work. 

Results 

All host plats prolongcd larval period and produced hig h insect nortality arid 
abnormalities. In many cases the larvae Underwent six ilislars. Oil tlie other hand, tie Bio-Serv 
diet gave better results: minimum abnormalities and mortalit greater pupal weight, 
and relatively shorter larval period. Ii all rearins tle insect had oiily five larval instars. This 
diet, therefore, has becomiie the slandard food source for rearing toiiato fruitworn. 

Anion tle tIIree temperatures tested, 250( was inost suilable. At this tenperature the 
larval period, oii average, lasted 16.5 days and the pupal period, 10 days. I.arval mortality, 
which initially was 40%, was no\w reduced to an insignificant level. Moriality increased at 
higher teiiperattires. 
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Mating and oviposition behavior presented the greatest difficulty. Insects confined insmall containers laid mostl,' infertile eggs. Larger containers, such as the 0.7 m3 nylon net cage, solved the problem. Placing the host plant in tile container, seemed te stimulate matingand oviposition. Adults were allowed to mate for 48 hours, after w,'hich they were confined
in a small plastic contaiier lined with paper. 'Fhe females laid eggs on the paper, thus, making
it convenient to transfer the eggs for hatching. 

Conclusion 

The introduction offan artificial diet has ina6e it possible to mass-rear the fruitworm
roulincly. During 1984 over 14,000 insect pupae 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, AVRI)C received a few segregating lines of tomato which had many trichomes on leaves and sterns. Il suniirer 1984 eight relatively pure lines were obtained from these 
plants for resitancce scr~ening to toQriato fruit worm . Since the cotton aphid population during
antillll was %crv ilvh, these entries were screened for resistance to this insect. 

Mierials and Methods 

Seeds of each entry were sown in plastic cups containing soil and compost mixture. Theseedlings were raised for one month intile greenhouse. A 0.05 ha piece of land was rototilled
and worked inlto 1.5 inl wide beds along its leigtih. These beds were further divided into three10 in long plots. The seedlings were frarisplanted to tire bed ina single row, with a distance
of 0.4 m lbet. ccn plants in three randomly arrarnged replicates.

"liecrop \vas growl accrrding to routine culti\ atitn practices, except that no insecticide was used. Three veeks after transplanting, whcu the aphid population was very high, the
iniber of aphids ceding oi each of Ilic.10 plant sariples taken from each plot was recorded.


The rimean trurriber of insects per 10 plant salmples wais analyzed according to Duncan's Multiple

Ran e ',st.
 

Results 

A lycper.icon hitrsut ,m f. glahrhttlm entrv, 76W-P1134417-A, had the lowest number
of aphids amongst all entries (Table I). 
 All hairy L. t.sculhnttn entries had significantly loweraphids than tile standard susceptible cultivar TK /0 which does not have hairy leaves or sterns. 
Some of tile hrairv crtries were Much less affected than tile others. 

Conclusion 

Certain hairy entries Lof, 1. .sculentttntand wild toniato, L. hir'itu,,, f. glabrattun,showed moderate levels of resistance to cottori aphids. Since some entries were still segregating,
these will he puriftied arid screened furt her before being used for a resistance breeding program.Since 76\V-1P11 344 17 was least damaged and is already being used in tlie breeding program,
the presently available and all IfLitire tomato ruit' worn resistance breeding materials \\illalso
be screened for resistance to aphids. 
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Table 1. Aphid infestation of selected tomato lines.' 

Entry Designation No. of Aphids/ 
10 Plants 

76W-P1134417-A 15.3d 
PT1 394(2-2-2)-1-2-1-1 36.Ocd 
PT1629(30-8)-1-8-1-2 40.Ocd 
PT1626(30-8)-1-1-2-0 40.Ocd 
PT 1627(30-8)-i-1-2-1 41.3cd 
PT1 630(30-8)-3-4-1-1 52.3cd 
PT1631(2-2-2 x CL 1131)-15-1-0 53.0c 
PT1632(2-2-2 x CL 1131)-15-1-1 91.7b 
PT1633(2-2-2 x CL 1131)-15-1-2 11 .Ob 
TK70 239.7 

'Transpi , tin j c+i ,,ct ?6. 196-4. observation date Nov. 6, 19,81 The means 

of three rphcaec ',ere ased Means of each entry followed by the ;arne letter 
are- not .igmhcantly different at the 5% level. 



Tomato Pathology 

Screening for Resistance to Cucumber Mosaic Virus 

Introduction 

Cucuin ber mosaic virus ((N+I\IV)is frequently found in the torato production areas in 
Taiwati aud other soutlbeast A iau count ries. The f'act that no conmercial cultivars are 
available which carry resistance to (',IV, prompted us to initiate a search for possible sources 
of resistance in tile AVR cerinplasm.u)(" 

Materials and Methods 

The follo\il taccessolls \cre tested with the PEET strain of' CMV: Accs. No. 431,
457, 474, 482, 518, 520, 538, 539, 540, 632, 633, 636, 637, 641, 643, 644, 733, 734, 883,
916, 917, 9i9, 1033, 1042, 1065, 1474, 1534, 1540, 1541, 1601, 1696, 1723, 1746, 1747, 1959,
2107, 2692. 3(163, 3231, 3234, 3276, 3682, 3683, 3837, 3967, 4253, 4269, 4270, 4363, 4777,
5339. [lie inocuhtim %wasprepared Iy lomogeiizing one part fresh (MV-infected tobacco (N.
ll/hcun, Xnlt lti) leaves in two patts (\\/%) 0.01 NI Na-phosphate buffer pl-I7.0 with IP/o
thioLlcullic t:eid added. [lic plaltsl vcre kept in the greenhouse for symptom observatio 1(shoestriu2, efot liatitil, uimosaic, and mottle). svtuptomlless plalnts ani those showing very
mild sytllipt1',%\eretested I, 1I7.1SA . Tle seeds w\ere heat-treated at 78 'C/48 hr to eliminate 

nCyseCd-borne1 1t0ltito hili %ils (I MV). 

Results 

All accessions lcrc fl'oI'und to be susCeptible. lowever, two of the accessions (Accs. 1042 
and 5339) cont;,tued morc than 501" of iuinfectcd plants whose seed- were collected for a 
seconid screening test. 

Hairy Tomato as a Source of Resistance to
 
Cucumber Mosaic Virus
 

Introduction 

Resistance or e\en tolerance to ctuculInberi o saic virus (CMV) is not ea,"'-'fon in 
tomrato or its wild rclatives. While the search for resistanice is ongoing, some i,;.ry tolmato 
lines are being evaltiated as a posible source of resistance to tile CiV vector. 

E'dc beha.vior o 'aphids ott tlie hairy tomato was U;.vestigated last year, and it was fotlnd 
that allhoillh the ave-agce probe time \iwasthe same on the hairy aid ol the nonhairy tomalo,
the total probe timue aid tie total probc tinbnlers were siglificaninly reduced on the hairv 
Iotnato. Iithe spring of 1984 the s:amenc hairy tomato lines were planted in tile field and exposed 
to conditiotis of nat itral infection. 
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Materials and Methf,'s 

Four hairy tomato lin,.s 1(2-2-2)-1-2-1, (30-.8)-1-1-1, (30-8)-3-4-1, (30-8)-2-5-11 and one 
cross between a hairy and nonhairy line .[(2-2-2xCL 1131)-16-1 F3} were evaluated in the
spring of 1984 (dale of' transplanting to the field: March !5). Twenty plants of each line were
planted in single rows at 40 cm distance. Plot size was I x 6 in. A randomized complete block 
design with four replications %%.as used. The field surrounded with t wo guard rows ofwas 

tomato plants planted si\ weeks prior 
 o tihe rest o" tile planIs an1d artificially inoculaled with 
the PEET isolai,. of (NI . 

At 15, 32, 47, 61, 75, and 90 days after transplanting CMV inlfecion was assessed in
individual plants. Twv\o leaves, one tll( ihe top and one froiti the bottom of, each ilant were
collected and pooled for Ilie IllISA test. 1lie aphid pOpulalion \%as counted al weekly intervals 
in tile same field and in six otlher fields, (three fields planted to tomato, and one each to
soyb1Can, iii tebean , and sweet potaIo), with lc use of yellow Mocricke trap pans filled with 
water (containing tI. 1% '"1 \\VIVtN-20). 

Results 

Bv tie end of tlie 1ro ing season (90 davs after iransplanting-DlAT) file disease incidence 
reached almost 1001'f in tlie nolirhatry check, but ranged oly from 33.80/o (Line 2-2-2)-1-2-1) 
to 76.3% (L.ine 3)-8)-3-4-1) in the hairy lines ([lable I).

Ihe infection rates (r), the rate of' disease increase per unit lime (sensu van der Plank),
were alwavs sinificaitlh lower (11 =(.05) f'or tli, hairy lonj(rio lines (Table 2). For tile F3 
of' a cross betwelte hairy tomato line (2-2-2) and a noilitairv line (Cl 1131), the r value was intermedia-te (r :().fl93519) betweeiin lh parents, \Ohich had r values of 0.14643 and
0.030715, rcspectil\cl. \\Ve asiitulc that tlie itermediate r value is correlated with an
intermediate nibelr of, hair in tile cioss bletwecn tile hairy and the nonrhairy tomato. 

The aphid population in tie 'ield where ilie experiment was planted, was not much
different from that of' the 50 oilier ficlds ([ahle 3). The highest rate of' disease increase, which 
was nieasti red ht ccir.47 to 75 ID)A. was 1101 associatCL wili a high aphid population in
tile field. Aphid population \\a,, hi test at 17 days after transplanting (Table 3) when CMV 

Tab!e 1. Reaction to CMV of hairy tornato lines and one cross between 
a hairy and oonhairy line under field conditions. 

Disease .,cidence (04o) 

days after transplanting
5 32 47 61 75 90 

Nonhairy check 0 0 6.4 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 (30-81-1-1.1 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 57.1 67.9 

'Each ,'1h lpe..I.rir i (f I r1renJli;tf,! 

Table 2. Progress of disease by days and infection rate (r) of CM',. 
Disease Progress (Logit) Infection Rate (r) 

Nonhairy check --9.18318+0.14643 dayr 0.1463 
Hairy I x nonhairy -5.77563+ .093519 days 0.093519 
Hairy 1 (22-21-1-2-1 -3 115r 10.030715 days 0.030715 
Hairy 2 (30-8)-1-1-1 -4.41.224 + 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 
 days after transplanting 
17 24 31 50 57 '4 71 86 93 

Az 
 47 12 18 11 9 9 11 3 3 
By 
 42 24 24 11 10 8 8 3 2 

'The field in which IhO (e9hrTlmnt vwjascoiducnhd oAvraq., 
 oi aphid njmberrs collected in six Moericke 
pans. YAveraqtq of i.hid rmirbeer; c llecte;d n M oerickf in six differentir F, rjais placed fields 
throughoct AVR(, 

was not yet detectable in teie plaits. 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 tile virus had ntiltiplicd within the plant tissues to a level sutfficientlv high enough
for detection by F.I+I.SA. Also, a high aphid population iii the field may not necessarily have 
to lead to a high incidence ('CMV in tile plalts. 

Cornclusion 

The hairy toIllat o lines show protm ise of'lowcring the rate of CMV development under 
field conditions. A second field test is needed to confirm the results and evaluate if hairiness 
should be c.risidered a irait totuse in the CMV resistance breeding program. 

Screening for Resistance to Potato Virus Y (PVY) 

Introduction 

It; recenl survcvs of tle lontato prodntlionI areas illTaiwan, the Philippines, Indonesia,

and Malaysia, potato virus (PV Y) \%as frequently detected. Generally, symptoms were mild
 
mottle, yellowing, and veinclcaring. Severe necrosis, yellowing, and reduction of the leaf
 
lamina were, however, ofIten oteerved when sint Lilt aneons itnfeClion with cucumber mosaic
 
virus (CMV) and tonitato mosaic virns (T( MV)was present. Iecause of the frequent finding

of' PVY antd it,, ,vNIrL1istic reaction with other viruses, a screening was initiated to explore
 
possible sources of resistance ill the geritplasim collection. 

Materials and Methods 

I3ccau,,e sytnptols are mild in appearance, a screening method had to be developed
to make theti more pronounced and easily rated. The following method proved satisfactory: 
one part virus-infected V. 'lah um Nalthi (P\', isolate 1103) was homogenized in five parts
Na-F'hosphatc buitffer (0.1 NI, p11 7.4). The plants wcre inoculated when the first true leaf was 
expanded. After t\v, to three weeks, tile top of file pla nt was cut betveen life 2nd and 3rd
leaf, with alcohol-flantied scissors (to) pren\ct conttamtinatic,.n with IMV); and a second 
inoculation was pereormcd on otne of tile Ie\lv eincreging side shoots. The plants were kept 
illtile gret house lori two to three w,'eeks alter lile 2tad inoculation when synptonis were clear 
and could be recorded visually. Svtntptonless plaills or t hose showing ilcolspictuous syriptons 
were tested by I.ISA. 

Twenty to 30 plants were usnalls inoculated, or fewer when not enough seeds were 
a ailable or when gcrintinatiott was poor. Seeds wyore heat-treated at 780 C/48 hr to eliminate 
seed-borne TM V. 

The screening inticluded 14 lines of L.vcopersicon sp., rcpoIed to carry PVY resistance 
(Ace. Nos. VI.70, VL68, \'1.80, VI.100, VIl101, VI-102, VI.103, VI104, VLI(5, V.106,
VI110, VI.Ill, VI.112, and V1.114), 61 randomly selected accessioti, comprising some wild 

http:F.I+I.SA
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type tomato lines, L. pimlfinellifolim, L. hirysutui, L. glunhdlosuln. L. glabratumin, L.
cheesemanii, L. perusvianum 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. VL9, VI10, VLI4, VLI5, VI17, VL30, VI.18, VL20,
VL21, VL22, VL26, VL39, VL58, 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. hirsutuni(VLII1) proved to be resista'at to the PVY strain used in this screening (Table 4). In the
screening of a ratdoin selection of AVRDC gerniplasm, only one accession, L. hirsziittt
(L3683) was found to be resistant, having a disease incidence of less than 10%. Seeds ofresistant plants were collected and will be sutbjected to a second screening. None of the other 
tomnato, lines screened were resistant to PVY. 

Conclusion 

It appears that PVY resistance is not easily found in tomato and its wild relatives. That
only one of tile reportedly PVY resistant lines was resistant to our PVY isolate, may be
explained by the fact that tile screening methods used by other researchers did nct produce
clear symptoms, and that resistance was assessed only visually and not serologically, as wasdone in our screening. The possibility of strain specificity also exists. This will be further 
investigated. 

Identification of an Unknown Virus on Tomato 

Introduction 

In the 1983 survey of tomato viruses, four POTY-virus isolates (T-697, T-1077, T-1082,

T-704) were recovered, 
 which (lid not react with PVY antiserum. Transmission, host range,
and physical properties of these isolates were investigated. Attempts were also made to purify
the virus for ant iseruni production Which could be used in a survey to determine the freq ueincy

and distribution of this 
 virus ott tomato in Taiwan. 

Materials and Methods 

ro determine tile host range, three plants of each cultivar or species \%ere inoculated
when the first or second true leaf was expanded. The physical properties of the isolates were 
tested by tile standard methods. 

For serological testing, eleven antisera of PVY-group viruses reported to be able to infect
tOnlato atid antiserutn of tu rn ip tnosa, 2 viri's (TtUMV) were tested by inmlitlnosorbent electron
microscopy (ISENI). The grids were floted for 5 tmin ol the antiserum (1:1000), rinsed with
Na-phosphate bufter and then floated for 15 tain ott tile virus-infected crude plant sap. The
grids were washed with 4(0 drops of double distilled water and stained with five drops of
Uianyiacet ate (2(o itt 11,0, )PI 4.3) before the\ \\-ere viewed in the electron microscope.

For elecitrotl microscopic exa iiilnat ion, simnal pieces of infected leaf tissue (N. tlaacun
Xantlii, 1Ptun1ia hvrhridj) were excised, dehydrated in an ethanol series, and embedded in 
Spurr's plastic. 
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Table 4. Screening of reportedly PVY-resistant Lycopersicon germplasm for
 
PVY resistance'.
 

Coll. Disease Reactionx 
Acc. Lycopersicon Species infected plants/
NOY inoculated plant 
VL70 L. pimpinellifolium LA121, Dr. Rick 13/14
VL68 L. hirsutum P1247087 8/10
VL80 L. hirsutum LA1363 5/7
VL100 L. esculentum, P1126410 34/34
VL101 L. esculentum PI127821 19/19
VL102 L. esculentum P1127824 28/30
VL103 L. esculentum PI117897 32/35
VL104 L. esculentum P1128887 25/30
VL105 L. esculentum P1131881 16/18
VL106 L. esculentum P191908 33/33
VL 10 L. esc. x L. pimp. P1195006 18/18
VL1 11 L. hirsutum P1247087 2/21
VL i 12 L. peruvianum P1128654 19/20
VL 14 L. per. var. hurnifusum P1127829 20/20 

'Greenhouse inoculum Isolate 1 03. lrfeh leives 1.3. Two inoculations: 1st inoculation at the first true 
leaf stage, 2nd tnocul;iion 10 days later NVtIUS indicator plant collection No. 'All plants were 
checked by ELISA EL.ISArnrgeqlive plants were retained for seed collection. 

ro determine insect transmission, aphids (Mt'zus pers'icae) were starved for 4 hr and 
were then allowed a 5-rnin acquisition fceding on systemically in fected N. tabacuin White 
Burley plants. Groups of live aphids were transt'erred to N,. gh'tiosa. 

,or antiserui producrion, isolate T-1082 was puril'ied using the scheme Outlined in Fig.
1. Rabbits were given three intramuscular injections, at seven day intervals, of the purified
virus eniinlsiflied I:1 in Freund's complete adjuvant. The rabbit was bled one and two weeks 
following the last injection. 

Results 

The following hosts were systemically in fected by each of the isolates: Dalura sitwnonium,;
L. esctlenmm )elissa, CSTMW, and Bonnie Best; L. pinipinellijolium LA 121; Nicandra 
phyisalodes; Nicotiana henthainiiia; N. clevelanii; N. (/ebney'Vii, N. ghitinosa; N. sy,'estris;
N. tahacin Nantili Xanthi N.C., White Burlev and Salstn N.N.; Pctunia hvhrida Grandifolia 
Minstrel Inip. and nigrSolatOit tt.r. OcitIltum hasi/icttn and S. tttherosuttin I)ke of York,
 
were the onlV hosts that prodnced local lesions with all isolates.
 

None of the isolates were able to in fect Cap.sictun nntit Delray Belle, Florida VR-2,

Yolo Y and '10l(1 \Vender; C. 'ui.ftnlv. s *lobasco, Greenleal" Tobasco and Mcillhenny;

C(henopuodiitnunaranlico/or; ('. qttinoa; C'uculmj .vilivits Delikatess Robusta; Nicotiana 
Irhucttnt V-20, Phiseo/tis vii/iris Pinto ld Topcrop; Pisuin sativtlin Perfected Wales; 
Solaniiin (t'tli.vsmt/n : S. t/hl'u.stln A-6; So/wtu,,t ,ielongena Pingtting Long; So/ultnuin
ttuherostun ('ardinal; 'frtl,uoiu expansa. I'ten itngtlictt/ata Black; licia fitha minor; Zinnia 
eh,galts BIrighl Scarlet and letra Rufl'led hiuibo. 

The thernal iriactiva;rion point of alll Ion r isolates was bet ween 550 and 60'C'. The 
longevity in vitro was 12 to 15 days for isolates 704 and 1077 and 15 to 3) days for isolates 
697 and 1082. The dilution end poi nt of isolates 704, 697, and 1077 was between 10- 1and 
10- 4 , and that of isolate 1)82 was bet.cen 10-2 and 10-'. 

The unkilo~vn siru,,tniato wkas trapped on the FNI grids only by the iomologous 
a tiseruni and not by ; fitvof ' lite otler II antisera iested (Fablc 5). 

leLtroit Inicr(oscopic exminiation of, hin sections showed piinwheels, typical of PVY
group1 viruses. As for transinission , aphid transmit ted the virus in a nonpersistent uanner.
 
Virus puirif'ication gave sutfficient viris yields for antiserum prodclion. 
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Fresh infected leaves 
I 

Homogenize in 0.3 M K2HPO1 buffer pH 7 2 containing 1% 
2-mercaptoethanol and 0.01 M Na-EDIA (1 g of tissue/3 ml buffer)

I 
Leave for 1/2 hr at 40 C 

Strain through cheesecloth
I 

Add 10% n-butanol+chloroform (v/v) dropwise while stirring, 
stir 15 min. a 40C

I 
Centrifuge at 2404xg for 15 min, 

(5000 rpm, GSA rotor)I 
Centrifuge supernatant at 5 152xg for 10 min. 

(8000 rpm, GSA rotor)I 
To supernatant add 6% PEG and 0.2 M NaCI; stir 60 min at 4 Ci 

Centrifuge at 13 322xg for 20 min 
(12,000 rpm, SS-34 rotor)I 

Resuspend pellet in 1/10 concentration of the initial buffer.
 
(= resuspension buffer)
 

Centrifuge at 5.921 xg for 10 min
 
(8000 rpm. SS-34 rotor)
I 

Centrifuge supernatant at 46 866xg for 60 min. 
(27.000 rpm, Beckman 65 rotor)I 

Resuspend pellet in resuspension bufferI 
Layer on sucrose grcodient (20 50%)1 

Centrifuge at 57 859xg. 2 hr. 
(22,000 rpm. Beckman SW 25.1)1 

Collect virus band
I 

Dilute with resuspcnsion buffer
I 

Centrifuge at 50 4 13xg for 90 min. 
(30,000 rprn, Beckman 65)

1 
Resuspend pellet ir I ml resuspenorsion buffer 

Purified Vito 

Fig. 1. Purification scheme for T-1082. 
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Table 5. ISEM reaction of the tomato isolate T-697 
with antisera of PVY group viruses. 

Serum No. of Particles Trapped z 

Normal serum 6/0/0
T-697 AS (unknown tomato virus) 125/95/205 
TuMV-AS 2/3/1
Perou temato virus AS (Fribourg) 4/1/4 
Pepper mottle virus AS (Purcilull) 5/1/2
Pepper mild mottle virus AS (Lastra) 0/3/0
Pepper veinal mottle AS (Brunt) i!o/1
Tobacco etch virus AS 101 1/3/0
PVY-AS (GO-16) 0/5/0 
PVA-AS (ALl) 0/1/1
Wild potato mosaic virus AS 14/6/2 
Columbian datura virus AS (424) 5/4/4 
Henbane mosaic virus AS (802) 1/1/2
Dioscorea Alata AS 443 0/3/0

'No of particles trapped per 50 vre.vifig fields ( 500 ,') 

Conclusion 

The results of' the host range study, electron microscopy, and serology indicate that this
virus is a POTY virus, unlike those that collillionlv infect tollato. It is assiuied that Isolate 
T-697 is a new PO'FY virus not described previously. 

Survey for PVY and the Unknown Isolate 697
 
and an Investigation of the Cause of Severe Necrotic
 

Symptoms on Tomato
 
Introduction 

In previous surveys it was found that three viruses, TNIV, C'IV, and PVY, were most 
important in Taiwan. Tobacco etch lirus (TFV)and pepper ir1ottle vi ruIs (PeNV) were fontId 
only occasionally. ()tiler. e:iuses, such as potato virus X (PEN), tobacco ring spot virus, and 
tomato husby stutint \hius,'s ,c"otdetected. Several virus isolates behlogie to tile poty virus 
groul wrer also recovered which could not be identified. Antiserui to one of these isolates 

prepared. \'.ashas been It tle scope o ti is s rvev to determin ietire prCvalcC of' tIiis viruIs
 
and PVY in Taian. II addition, samples werc also taken fron plants with typical necrotic
 
synil)lOnls iII an atleiiipt to deterlline the causal agent of Ihis disorder.
 

Materials and Methods 

A total of 422 leaf' samples were collected trom Tainan, l'ingl ung, and Changhua areas. 
These included 206 samples which were surveyed only for PVY and the unknown virus, and 
216 samples of' plants showing necrotic streaks oh sterns; necrotic spots and ring spots on 
leaves; yellowilg, mosaic, crinkle, anrid stlint of' tie top. The leaves were homogenized and 
tested by II.I.SA. )ilution of tlie coating gainmia globulin was 1:1000 for tile unknown virus 
(using antiserirn to isolate 697) and 1:2000 for PVY. The dilution of' the enzyme conjugate 
was 1:1000 for hoth viruses. 

Results 

The results of tle survey f'or PVY and tile unknown virus showed that approximately
2% of the 206 samples contaied tlehunknowrn virus and 28%, PVY (Table 6).. It appears 
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Ihat thii, \iris nlay notIklitkvni he iiliporlamii in lCrllis of distribution in raiwan tomiatoplant inigs. S\viiplollis ass,cialcd \\ilt this virus, such as Mosaic, mottle, and veinclearing, w,'ere\or\ similar to Ihose causCd by P:VY. Additional plantings iii the Pingtung and Chianghua/Iai,.hu, arcas utc beiin stir-s esd belore a hiial asswssicttii of the importance of this virus 
,,ill 1itadc.be 

l'ifi\ -1,.,, i theit.ipecIll 
 iccroic sitples \crc lnid to Ctiltaill 1PVY, 32% ' e,,'foundto e inifLcted ; ilh (.1\', Mud 2 0f'',+t,laincd I NIV (ialc 7).II appct, bti l'\'PV ik llt, flicqtlt.:lvt as')ciated \\ilt the iecrotic 'Vllptolltins. flowever,itis itt likcl% t4 bc so+Iclre, tlilhl l r such ,esCl t ii ioitis. \e beiec c that the actual,:,1U,,c o0 thet ccr, ic disease is,ata s.ieig , i lact ttl I ,V' lIt lotv , 
n. ' i' ier iotably, CIIVil I NIV -ilcc I8, ofi liesaillsC , \etc d0bl\' inf.cCt 

lils 
%ith
\CL ('N!V aid 14% Witt TM V.l)onhl, altitii;tl itss,
illttttla \%it 1\VY mil (.\IV io liatcs Suct
recovcrcd roulll necrotic
"aiitpllc produc.-d sS'clc iteciot i , illic,.. tp ili sollte l ie illoculated tomiato plalls, ottcirctltitt ill "hock ;1Ud atltcahlie plan.ot \%']tcn IVY o (A.IV isolates were inoculated siingly,,uch vitu)Iitt, did 1tot apelal. )otuble itleeliol \ilt IV" and INIV was not tested yet.Ilhcpo,ihilil\ oW i\ts let l o llCr siru,,e, i,also collidclcd. ~ortv-si.\of tlie iecrotic
field sahiplc \CiC also icested lot ltobaicco lilq.,tpo \irus ( I RSV), toiiato sp1otted Wilt virus(IS\\'V), and potaktlS it N (l'\V.\ \1\,:litone. %%Cie pili\c for thCcosse viluses. 

Table 6. Incidence of PVY and the unidentified virus 
in tomato plantings in Taiwan 

Location Total PVY Unidontifed Virus 
Pinghrng 35 1
 
Tainan 171 i1 3
Total 200 5 4 

Table 7. Frequency of PVY, CMV, and TMV associated singly 
or in combination with the necrotic disease. 

Location fot PVYPV' C V I%V i'VY PVY CMV CMV 

CMV TMV TMV TMVPinghtir 60 22M)" 16 tO) 0 6 0 0
Tainan 78 4t0(6) 50(17) 10(9) 32 1 0 

0
1Changhua 78 1;1(10) 4(2) 31(0) 0 29 0 2Total 216 113(42) 70(29) 4I(9) 38 30 U 3 

Conclusion 

lIe uniideiti lied virus decs not appear to be vcry iittptortaitt en tomato inTaiwan andthus Wvill
11otbe coisidCrd for r,esistance brceditig at A VRI). lvidence obtained from thesurvevsv oinlv suk, -t invl\tsis lseitei (t IVY in causing lienecrotic disease. Arliflicialimioctlatioils iitdicate a lVer-is ic effect betvwcci PIVY and (NIV. IHowever, involvement of'other .irties, Ior slich ksc did not tcst, is als possiblc and this wvillbe investigated. 

Tomato Leaf Mold (Cladosporium fulvum) 

Introduction 

The leaf I iold ltitiet,. I(s(ludo,\mriu,;, .i/trn .Idid l/'a), although generallyconsidered to be o, Scttdary imlportanmce, is ihought to cause serious damlage on tom to 
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in humid tropcal climates. A major difficulty in working wilh this fungus is its high mutatior 
rate and very slov growth oi standard artificial media.
 

The present project has been i:ti ated to search for 
a medium that promotes fast fultlgLIs
growth, to make a survey of races present in the geographic area towards which the AVRDC 
breeding program is directed, and to evaluate tile efl'ecti veness of known resistance genes and 
of' other reported sources of resistance. 

Materials and Methods 

Fourteen ruedia \vie tested, each containing 20 L oi" tie respective powdered compotnd, 
20 g dextrose and 20 v aar per liier of lediilln (Tahie 8). The fungus was incubated at 24'C
 
in tile dark, and tie diamtCer of tIle f'ineIrs colony was Measured altcr 'our weeks. Each
 
treatment was replicated three times.
 

[or race ideniti'icatioji, only one ifate (I(T1I) collecled in Northern Taiwan was used 
in this study. It %%as, teqtcd on tile stlr-dalrd s([ of dil'feeitials: Potentate, Sterling 'Casle, 
Vetonrold, V21, and Purduc 135. 

The plants \\crc gro\sI illplastic pols (tWo plants per pot; three pots per dilflrtlial 
ciltivar) in tire rtIeeil,otisc ail inoculated al tile three-to-lyive leaf SlaC by sprayiine therri 
with a spore suspensiou of approilialely 50ff,0t sporcs, nil. ['olowiri irtoculatiori, the plants 
were eIclosed inl lPii cares ald kept at 1()(t' rel',atise hiniriidihy for tilree days before tile%, 
were transferred outsidc. [lhe disea'e wa sCore'd approinatelY 20 days after inoculation, when 
s\niptoriis wce frilly expresed. I le folhV, ioL sCeerre \\a' used for disease scoriln: I: ininitne 
(no SN'lliptoill-); R: resistant (Sonic cilorotic or rnecrotic spots, but rio sporulatioi); NIR: 
moderately resistlan (chlorotic spotst s\0th little sporulatioi)i; NIS: rioderatelv strscepl.ibil, 
(moderate sporutlation); S: ',usceptille (Irariv heavily spoiulatirin spots).

[or evalutliol of ce, , isolate \%asrcsislt tie s ii.. fl'lllul used. It \%as tested oin a set 
of Iorltato lines wit h reported leafl mold resistancc rsinri tile sa,ic proccdtues l.; above ('able
9). For a wider espostnc to raccs of tle le Ialmold f'ulgtls, the tolllatlo lilnes ss planted+er 
(one row per line, fIse ter plan, pet rmo\) ill thluree locations ill I aisail: siichu. (hatighla, 
and PIinrgtt lr. 

Results 

Highly signilicalr diffelrceC, ill gr' lh',Iispeed oil tire difflerent rtedia were observed 
(Table 8). The diameter of t le furLtus colons' after a f'our-ws'eek incubation period ranged flrom 

Table 8. Growth (diameter) of Cladosporlinm falvivm on different media after 
a four week incubation period. 

Mediurn Average Diameter (mn) 
Oatmeal dextrose agar 15.0 a/

Soybean dextrose agar 
 14.5 ab
 
Linia bean dextrose igi 
 13.3 abc
 
V8 juice agoar 
 13.3 abc
 
Chick- P-,i d,.'roes agar 
 13.0 bc
 
Azukibean df xiro.s;e agar 
 12.7 bcd
 
Lentil dextrose eger 
 12.7 bcd 
Potato clextrose agar (ckj 12.3 cde
 
Cornmeal dextrose agar 
 12.0 cdef
 
Yeast extract peprre dextrose agar 
 11.7 cdef
 
Mungbean dextros.e agar 
 11 0 defg

Rice dextrote agar 
 10.7 efg
Czapek (lox agar 10.3 fg
Wheat dextrose agai 9.3 g 
CV =6.2%
 

"Acc(ordr, 1 ,(,te rii ti [)MRI i P 0 0 1
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9.3 mm (whe-zt meal dextrose agar) to 15 mm (oat meal dextrose agar). The fungal growth 
was still slow, however, even on the best medium. No medium supported a much faster growth 
than the standard PDA. 

Another method used since then to fasten inoculum production is to flood the petri 
dish with a water spore suspension to obtain many colonies scattered over the whole surface 
of the solid medium. 

The 'ungLs isolate use I illthis study was identified as race 7 according to the original 
race nomenclature systen* or as race 2-3-6 on another system, which is gaining more and 
more acceptance in otrher p'irts of' the world** (Table 9). 

Table 9. Reaction of tomato lines to leaf mold (Cladosporium fulvum Isolate TCF-1).
Ctva/ne Gns)DiseaseDies 

Cultivar/Line Genes) OriginReaction" 
Potentate 0 

Sterling Castle Ct1 

Leatmold 


resister #1 Cfl 


Vetomold Cf2 
V121 Ct3 
Purdue 135 Cf4 

Ontario 7717 Cfi 
PI 187002-1 Cf5 

Ontario 7818 CI6 
C164 Cf6 

Ontario 7517 Cf7 
Ontario 7720 Cf7 
Ontario 7522 CI8 
Ontaiio 7719 Cf9 
Ontario 792 Cfl0 
Ontario 7515 Clio 
Ontario 7716 Cfl 1 
Ontario 798 Ctt2 
Ontario 7813 Cfl3 
Ontario 7814 Cf14 
Ontario 7910 Cft5 
Ontario 7816 Ctl6 
Ontario 796 Cfl7 
Ontario 7518 Cf18 
Ontario 7519 C119 
Ontario 7520 Cf20 
Ontario 7811 Cf2l 
Oniario 7812 Ct22 
Ontario 723 Ct23 
Ontario 7819 Cf24 
5gR CflCf2 

5; -. l, I I II; 

Z. , I 
Sl' i /. A. K\cii, aint 

iflct sie (tIidic 11 cielaiic 

* ay, 11.11956. R,;icciinlie"e t 

S Hortic. Exp. St. 
Simcoe, Ontario 
Canada 


R 

R Royal Sluis Co. 
Holland 


S Simcoe, Ontario 

S " 


I 

I 

I Royal Sluis Co. 


Holland 

5 Simcoe, Ontario 
S Royal Sluis 
I Simcoe, Ontario 

NS 
NS 
R 
I 
I 
I 

NS 
NS 
I 

I 

NS 
I 

I 

1 
,,S 

I 

I 

I 
I 

I 
 Royal Sluis Co. 

Holland 

us n:,;iipo ccore 

Cullivar/Line Gene(s) Disease Origin 

V473 
F101 

Vineland 
Vagabond 

Vinequeen 
Alex F14 
Bay State 
Late Blight 

Resister it125 
Okitu #8 
Ontario 794 
Resistant 

Moneymaker 

IVT 

Shiko #471 
SWST 
L21 


L42 

L94 

L203 

L221 

L265 

L295B 

L302 


L304 

L336 


L337 


L341 


L360 


L362 


CflCf2 
CflCf3 
Cf2Cf3 
Cf2Cf4 
Cf2Cf4 

?y 
? 

? 
? 

? 


? 

? 
? 

? 


? 

? 

? 

? 

? 

? 

? 


? 


? 


? 


? 


? 
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in iiiato :l air,. (an t..1.Illi. 4912):1 1)-193.
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I) 1 .lilit'c o ('haoCl ori .livh'o/i/m new 1 Ontario and 

Chu lmliorium .u/Nuio . 
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The tomato lines could only be evaluated at AVRDC, as natural infection by the fungus
did not occur in any of the other three locations where tIle lines were planted. All known 
resistant genes with the exception of Cf2, Cf3, and Cf6 were highly effective against race 
7. The same was true for the other tomato lines with unknown genes from Canada. However, 
all accessions reportedly resistant to C. fulvuln in another AVRDC study were susceptible 
to this isolate (Table 9). 

It is remarkable iat the first race identified can already overcome three resistance genes
(Cf2, Cf3 and Cf'6), despite the facl that these genes have not been used in any breeding 
program it Taiwan. In areas where no leaf mold resistant tomato cultivars are grown, one 
would expect to find mostly race 0, the common race, attacking only cultivars possessing no 
genes for resistance. 

Conclusion 

An e.xplanation as to why AVRDC accessions reportedly resistant to C. fulvum are now 
susceptible may be that these two studies used two different fungus races. Also, leaf mold 
could be confused with another very similar disease, black leaf mold caused by Cercaspora
fluligena. Visual assessment without microscopic examination could easily lead to an error in 
identification. So far, only one isolate was used in this siudy. More isolates have .obe collected 
and identified before the best available sources of resistance can be chosen and a program 
pursued accordingly. 

Testing Advanced Tomato Lines for Resistance to Leaf Mold
 
Early Blight, and Bacterial Spot
 

Introduction
 

Leaf mold (Cladosporium fulvumn), early blight (Alternaria solani), and bacterial spot
(Xanthonuons vesicatoriu) are known to be serious pathogens on tomato. They also frequently
in ftect tomato in Taiwan. This preliminary study was undertaken to investigate whether 
resistance to the above-mentioned pathogens could already be found in AVRDC's advanced 
tomato lines. 

Materials and Methods 

Twenty-nine lines were screened in the greenhouse (two p!ants per pot, three pots per
line) by artificial inoculation at the seedling stage (three-to-five leaves). Inoculation was done 
by spraying the following suspensions on tile seedlings: C. ,hh'umi (500,000 spores/mIl); A. 
solani (inycelial suspension, lie fuingus did not sporulate on artificial medium); X. vesiculo/'it(10, CF:Uiml1). 

Following inocul at ion, the plants were kept for three days in moistened plastic chambers 
(1001/6 relative hunidity) in the greenhouse (approximately 23°C continuous artificial 
illumination) before they were transferred ouside. 

)isease scoring for C..fulvum was done according to a iotation schemie already described 
(see "Tomato ILeaf Mold'). For ,1. .solani and X. v'.s'ieutoria, the following was used: 

i:ilmue (no syiptoms); R: resistant (a few minute spots, covering less than 5% of tlie 
leaf area); NIR: moderately resistant (necrotic leaf area between 5 and 15ulo); MS: moderately
susceptible (necrotic leaf area between 15 and 30%"o); S: susceptible (more than 30% of tlie 
leaf area necrotic). 

Results 

The reslts are sumiimarized in Table 10. All lines tested in this study were susceptible 
to the three diseases. Should these diseases be severe in certain environments as inthe 1984 
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Table 10. Reaction of advanced tomato lines to leaf mold, early blight, 
and bacterial spot. 

Line -Reaction toz 
leaf mold early blight bacterial spot 

CL143-0-10-3-0-1-10 S S S 
CL9-0-0-1-3-0 S S S 
CL 1104-00-29-1-0 S S S 
CL1 104-00-71-4-3 S S S 
CL1 131-00-7-2-0-9 S S MS 
CL1 131-00-13-0-6 S S MS 
CL 1131-00-26-1-0-1 S S S 
CL1 131-00-38-4-0 S S MS 
CL 1131-00-43-8-1 S S S 
CL1 131-00-65-13-1-1-0 S S MS 
CL1561-6-0-5-1-3 S S S 
CL1561-6-0-19-1-4 S S S 
CL1591-5-0-1-7-0 S S S 
CL2826-2-0-1-0 S S MS 
CL5915-153D4-3-3 S S S 
CL59l5-153D.-3-2-0 S S S 
CL5915-153D4-3-4-0 S S S 
CL5915-206DL-2-5 S S MS 
CL5915-206D4.-2-1-0 S S MS 
CL5915-206D.f2-2-0 S S MS 
CL5915-222D4-0-3 S S S 
CL5915-222D:-0-1-0 S S S 
CL5915-222D.-0-2-0 S S S 
CL5915-229D. - -4 S S S 
CL5915-229D1r - 1-0 S S S 
CL5915-229D,-1-2-0 S S S 
CL5915-553D4-3-0 S S S 
CL5915-553D.,-2-0 S S S 
CL5915-553D.1-6- 1-0 S S MS 

sulm ier ill "ai, an for haclerial spot , sisceptihility would be a serious shortcoming of 
AVR "sDC' lines and would titus reduce the benefits of other desirable traitsadvatnccd toniah 
[hey possess. Disease resistance should, ihetel'ore, receive a higher emphasis in AVRDC 
breeding prograttns. 

Evaluation of Sources of Resistance to 

Bacterial Spot in Tomato 

Introduction 

Last stuminer, a severc outlbreak of bacterial spot (anthoiniotias v'eicaIoria)occurred 
in /\VRI )('-lltm lield.s. This was the most serious disease of tomato during that season 
which oft Lu catiscd at complete del'oliaiion of the plants. This prompted interest in sources 
of I' cIIC2 1hC di'cas,.isa 1t 

Materials and Methods 

PneT 
reaction: Il 92863, 9,782, 126923, 126932, 166365. 1943(08, 195006, 276423, 297317 (Regional 

Tll lir. 1C tcdly resistant to bactcrial spot in the USA were tested for their disease 



Plant Introduction Station, l\tis, lowit), and I lawaii 7998 (Florida). Three lines previously

found to he su:,ceptible were used is check,: IPotentate, \el omold, VI21.
 

The plants \erc inocullated in the ircnhtois (thlirce to Five plants per pot, fIi\C pots
 
per line) with it bacterial sulspension tll (CI ml) at the live--eal' stage. Plants oerc kept
ill a moistlnc-sattir+td ftlosplhcre for tillc 
 dyis bel'orc beine, traisfcrfred to tile open, illld
the discase Scored accordiiu 1t a s,,cheme dscI;riled IreviouslV (SeU "T tihlu of AVRDC"
 
Advanced loiliato Iiles to leatitod. flilrv I1ih1, and Bactrial Spot").
 

Results 

All the liieIs tested \\CIL' crc td t, slisclptibhe (S) to tlfe palhoiei,llcctI Ilawaii 7998

which was rilted Icistiait (R). fA,, spols \\Cre obsered oil lllawaii 7998, blt t ,e
were
m1uch iilnliher nlid co,.cd tilticli l,, Ic it ait;i tlii olnlic otel Susceptible lnes., Moreoc l+,

SOlle se ir,+-iltioii \,is obst, cd %,Hlhiti ll aii 7998: 
 i Fe\, plais \\'.c rated as inod ralt lv

sCeptlible (IMS) tld \,crc iu ote oult aitld dCi.carded. Most of [lie plaiits were, however,

resistil tll- \edre ssl\d fotutsa 
 sollfc.. o Istaniilli..c \ tie tolllatlo br[eding, pro rllt. 

Comparative Virulence of Different Isolates of 

Corynespora cassiicola 

Introduction 

('olyl'"'ora a.lolh ausesiliL, Hot oll, it tarLt Spot oft Ioniato, but also inlects other
 
plillitt.s..\f ioi t lit f ,' itiitbci of lIosts have 
 beeiI rCpOrtCd for tie hl'iIlS, CVidcC does
exist indicat tin, thit certai lltatills of 
 tlie fuii us tc hios. Specific. l)uirinui routinc isolation
anid idcnlilicatlion of filt l iots, isolales of 'U. ,ass'iico/u fronl toillato, soybal, Sweetl 
peppelr aid toblacco \+crC obt;iicd, tlus CiiablillU it tll study to be Cotlducled on the 
co ilipil ti\c sitIIlcilcL of iles,+ isolat's il diflcr.it lhosts. 

Materials and Methods 

Rkoutiii t ,iss+isoliotiol., (" c.a.itoh' 5.\crc Ii dc lroill lialturally inifected tisslcs of'
tollito, vel epper \bc'ii, ;iii, tobilc'co. IhiCs isolates wCrC d-Csiaiat lcdT( )T, SI'"I+, S.TB,
;andCI fl . lsicti,.clv ( I ale It). ( itlnic, \c.cr tiiitait.d on potato dextrosc.1 gar (P )/A).
The inlcitiil was, prepard [Ih\ i iCoilidia t'ou I V)-d-l-d 11),A cultures which had
been iuctuibatcd it 2S'( tultlu ilui lini tlioi for 12 Ill each dae. Thu spore s ,ispelitOi \',I
filterCd t11ou12 ;t siu,1, lit cl( f hi c,, hIOI, and tile Cotnceit lrlt io:l a\,, adjusted to 20,I00
Iio 3 ,010() ,ipoi iilo \;ter. ] ctcl 2(0 \at ;dded ill it Mtt 01 I drop 'l0) IItlto :acilitate 
wet tln oi Ileie. ou idi;i a uid ,lea , 

I-olur p tils c c isd ill li c'i i,-iilO :uLlt iou si dii.is: tobacco (Xwol ,ll nt liun,c ' 
Sweet pcpperfl 'psiiuu lihr',s cult isa Ifuic Star), 5,o;'liti (G/lI'-c mal.x cult isar INN4),

tot.'o
all itd l ','o/l'iri-( , 'Lwit'ol o .\i aito i/.i \ais lsed to Sprfv )ltc((f cult isir "1K70). 
m11ontlh-old Ipatims ,ith llt1 ',Itpoltc lti[siou Uppers p+ll tie uIoill' atud lower sll-afaces, as \ell
ISfile. t t1itoo till\ \;cl. AlI Ipp;n s \\erc co\eted \'ithi plastic bigs for.iO Cs allid J',t1'i,, 55t'I' 
48 fIh,. M iturgrcIC tolllloe,, ( 11\7 ) Ccc .lso illmocllttd iall fir,,t sur tcc- erilizi , tlili 

fable 11. Sources of Corynespora cisstico/a.
 
Isolate 
 Inflsid ot, Pla+ce[i Colhlected Year 
TOT 11/r Lfut AVRDC. field 1982 
SBT Soyo.an/ItIl AVRDC. field 1983 
SPr S,.,, t prppol/hoii DoeIluo, frld 1983 
TBT foi'iCoe/steim AVIIDC, greenlhouse 1984 

http:diflcr.it
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with 50°1A alcohol. The tomato fruits werc inoculated by iiserting the mycelium with a sterile 
needle. 

Results 

Ihe cCoil parat ive virulence of eClic of' tile isolates is lrescnted in Table 12. On tomato,
(he T()l isolate was Ilie most pathogenic, whereas the othc isolates produced only snial 
lesions. hlie pepper 5olatte was 11o) patlhogCnic oil this pepper cultivar, but in fected the tobacco 
plants. In tonato ruit irIoculatlioIS, only the I(01' isolate caused the disease, producing a
large lesionl coveillug atpro.xiunately 1/3 of th,. fruit in I days. 

ill igcIeratl, c tilres ofI U. ca.usiico'u were lost pathogenic on tie host from which they 
vere isolated, di p!ayinit a paitertn of host spocificity already alluded to ill the literature. The 
excLpti w'as s\. .eti pcpper which w.as resist ant to all isolates tested, inclUdina t ile SPT isolate. 
This nlay be due to host pl:unA resistance, and we oenotu know if this is the same cultivar 
as tile oimidtl host. lie Cultivar of tIbacco used ill this experiment also seemed to be 
susceptible k) ,ill tile isolatcs usetl in tile test. This specificity was also evident ill the tests 
on lltItatoi fruit, where only [lie totla.lo is oac ablewas to cause a fruit rot. 

Table 12. Comparative virulence of four isolates of Corynespora cassiicola. 

Isolate . Disease Severity" on 
tomato soybean sweet pepper tobacco 

TOT 5 2 2 4 
SBF 2 5 2 4 
SPT 2 1 1 4 
TBT 2 3 2 4 

"I). . v .'iity 1 Vlirulo ,fw ptinporit l ,ion!; pinpoint lesionsW eik ft. 2 :-Marny 
vVlh 'Ii"I (,o;ilr-(vrrq ' Mary co Iur;ctrrio lu;irors, Ico wo; appearing clearly on sterns; 
cirprhrh ytih'mIlj of lowAef leaeWs 4 f P(,avy water-,oiaking of heavs and blighting of towel 

, !V" O r lar) t,h . JligrjIIrrqocfi pit 

Conclusion 
[lie existence of host specific strains of C. 'assiico/a indicates that care will have to 

be exercised not only in selecting isolates to use iniscreening for resistance but in characterizing 
the ntUl'e of host plant resi,,tance as well. 

Studies on Bacterial Wilt of Tomato 

Introduction 
lBacterial wilI of tollialto (Caused by .st'dO/lnons.solIntcL'tlin)is a major constraint 

to tomnato productin ill warm , huititid climates. Continuing efforts to find reliable methods 
of qnalliii., illy bacterial wi!l resistance have continiued itnto 1984.
 

Field pIlltitilrs \\etc placed 
 out twice this year. As before, test material was planted
in fields that had heeti artificially itufested solullthlt'urtt 1wwilh I'. by inoculating susceptible
material plaittled as a list crrop. llis ineliotd had produced satiktacory results in 1983. 
(ireelitusc i-tldies c'llitircd \with inllectivily tit rations in tie stei (three sets) and one with 
tile inoculuit placed ill Ihc soil. lie titaterials atId utethiods and restlts sectiol t't these will 
be preseltted belox . 

Materials and Methods 

A field \kas nattially infestcd with 1..vohmaccartim by planting it first with 1.390 on 
March 28, inoculattuig clipped leaf' with a suspension of bacteria on April 27 and May 3, 

http:totla.lo
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and allowing the plants to die. New beds were formed and the test material planted.
A prolonged rainy period, however, prevented planting of the test material for about one
month, and they were not transplanted until June 18. To supplement the amount of bacteria
in the soil, the test tomato transplants were inoculated by dipping roots in P. solanacearutn 
(OD = 0.2) before transplanting. File number of wilted plants were counted at regular intervals.
The regression aialysis wvas used with incidence as the dependent variable anid time as
independent variable. A second planting was testconducted in a similar manner with the 

material transplanted (Without the root dip inoculation) 
 on August 20. 

Results 

More plants wilted this year than in last year's exierimncni. Very resistant lines (such
as L285) did not wilt much; lines with intermediate reactions hst year often had repiicates
in which all plants died. The linear component of the quadratic fit did provid2 a good measure
of wilt resistance, with susceptible materials showing a much faster increase in wilt incidence 
than the more resistant lines (Table 13). As in last year's study, no wilt developed in tile 
second planting, and this one was abandoned. 

Conclusion 

Root-dip inoculation \was a very harsh treat,;ent and may provide a partial explanation 
tr the increased severity of wilt in this year'" experiment. 

Infectivity Titrations 

Introduction 

The general method for stem1-inoculation infectivity titrations was to grow seedlings,
inoculate them with various concentrations of bacteria, and then record the number of wilted

plants at several intervals. Thrce plantings were done with inoculation direct into tile stem,

and one was done with inoculation via the root system.
 

Materials and Methods 

Stem inoculations were done. by inserting a sterile wire into tie leaf axil of tile plant
and then replacing it wtil a inicro-pipette containing the bacterial suspension. For the root

inoculations, a suspension of bacteria was pcurectd 
 ol the soil after first ;lightly damaging
 
the root system with a spatula.


For the first planting seeds \,ere so'n on 
l)eceiber 14, 1983, and inoculated oil January11, 1984 with seven levels of bacteria having concentrations ranging from 102 to 10 CFU /nm1.
Each plant received 100 111of the suspension directly into the stem. These plants were kept
in a heated greenhouse to facilitate disease development

In the second test, tie seeds were sown on February 15, and the plants were inoculated
oil March 22 with 12 levels of bacteria having concentrations ranging from 102.5 to 108
CFU/m l. In this case tihe anionit of bacterial suspension was decreased fron 100 to 50 /tl,
was also injected directly into the stem, and the plants kept in the heated greenhouse.

In the third test, the seeds were sown oil April 26 and inoculated on May 30. Each
plant received 50 Il of one of 12 levels of inoculul (102.5 to 108 CFU/ml). These plants were 
also kept in the heated greenhouse.

The plants received 2 nil of bacterial suspension after having their root system damaged
in two sites by the insertion of a 6 by 35 rnl spatula. Seed was s',wn on July 18, and the
plants were inoculated o, August 8. Twelve concentrations of bacteria were used, ranging
from 102.5 to l08 CFU/mIl. In all infectivity titrations, the data were analyzed with a BASIC 
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program that converted it to proLit of incidence and fitted the prob ' lines with an iterative 
procedure. For selected lines, graphs of the raw data, probits, and expected probits were made 
with the use of a related program. FL, 50 values were calculated (Tables 14-17). 

Results 

Infectivity titrations appeared. to be a satisfactory method of' determining relative 
resistance and susceptibility o" Iomato lines to bacterial wilt. Within a given test set,
the material considered resistant based on field tests showed a higher Fl) 50 than that reported
to be susceptible. l.incs intermediaie in their resistance in the field also showed El) 50 values 
intermediate 1k:%wccn resistant and susceptible.

Stem injection showed 'ery large dif'.rences. In lie second set of stem injections, the 
suscepm ,le material showed L) 50 values around 104 CFU/ml, svhereas the projected ED 

Table 13. Testing selected tomato lines for bacterial wilt resistance 

in the field. 
Variety Intercept Linear Ouadratic 
L1 -.6960 .1061 
 -.0018
 
L8 -.2802 .0795 
 -.0014 
L15 -.8545 .1132 -.0019 
L95 -.1593 .0196 -.0003 
L96 -. 2630 .0397 -.0007 
L240 -.4953 
 .0496 -.0008
 
L285 -.2008 
 .0165 -.0003
 
L366 -.5650 
 .0677 -.0011
 
L373 .2594 .0515 --.
0010
 
L390 .2821 .0471 -.0009
 
L766 .5199 .0333 
 -.0006 
L1629 - .9013 .1117 -.0020
 
L1937 -.0472 .0369 
 -.0007
 
L3490 -.0902 
 .0e17 -.0011
 
L3690 -.6728 .0666 
 -.0011
 
L3,'05 -.3295 
 .0500 -.0009 
L4670 -.2783 .0352 -.0005 
.204 -.2990 .0403 -.0007
 
CL206 -.1588 .0684 -.0012
 
CL.330 -.4992 .0707 
 -.0012
 
CL39D -.0396 .0588 
 -.0010
 
C1_402 .2219 .0348 
 -.0006
 
CL455 
 -.1048 .0114 -.0002
 
CL551 -.1722 .0739 
 -.0012
 
MT1 .0848 .0377 
 -.0007
 
MT2 -.5014 .0460 
 -.0008
 
MT3 -.5421 .0673 -.0011
 
MT4 -1.028 
 .1364 -.0024
 
MT5 
 -.1295 .0708 -.0013
 
MT6 -.7442 .0991 
 -.0017
 
MT7 -.9743 .1403 
 -.0025
 
MT8 -.3016 .0269 -.0004
 
MT9 -.2387 .0454 -.0008
 
MT10 -M.208 
 .0428 -.0007
 
PT858 -.5303 
 .0995 -.0017
 
PT862 -.6337 
 .0980 -.0017
 
PT913 -.1475 
 .0795 -.0015
 
TK70 .3840 .0348 -.0006
 
TM103 -.0789 .0699 -.0013
 

'Summer 1984. 
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50 for resistant lines was asround 10(n CFU/n11. T'his latter figure lay outside of (lie range 
of values obtained frou rx and should be whente penheftl, catilioll exercised making 
Conclusions. 

l)ifferences betvveen re,,istant and susceptible matcrials wee not very large iltIle root 
inoculations. For resitant 1.285 and ,,usceplile 1.39() eilog ii Fl) 50 values were 11.94 and 
6.48, respectively. This narosei sprcad \ould also niean more difficuly in secparalinig lites 
that have intermediate reitanl rcaction,,. Atr tile' ln time, hae'owever,root inoculation was 
more realistic and represenit.. a noie natuiral patll, av for tie bacteria to enter tileplant. 

Table 14. ED 50 values from infectivity titrations, 
with the inoculurn applied to the stem..' 

LOG ED 50 
Line 

(lily 9 day 15 day 26 
L8 560 505 4.52 
L15 7 47 7,09 7.07 
L95 1.02 3 48 3.48 
L96 689 6.17 6.10 
L245 6.38 5.80 
L285 7.57 7.57 7.57 
L366 6.80 6.33 6.25 
L373 6.15 5 97 5.54 
L390 5.93 449 4.40 
TK70 5.65 5.05 4.46 

'JLirti ly 1110 ., 

Table 15. ED 50 values from infectivity titrations 
with the inoculum applied to the stern.! 

LOG ED 50 
Line 

day 11 day 15 (lay 19 day 22- -ay 26 
L8 18.77 505 704 6.25 6.04 
L15 7.90 6 96 6.51 6.51 6.51 
L95 8.58 8 72 8,09 9.61 9.61 
L96 8.60 7.36 6 5; 6.41 6.41 
L245 9.56 5.89 ,1.97 3.86 3.64 
L285 1507 1507 15 07 1507 15.07
 
L366 9 25 782, 6.22 5.91 562
 
L373 8.20 5 98 .190 3,87 3.87
 
L390 887 6.96 5.86 5.14 5.08
 
TK70 8.04 6,25 5.87 5.50 5.31
 

'March 191,,
 

Table 16. ED 50 values from infectivity litrations 
with the inoculum applied to the stem.' 

LOG ED 50
 
Line 

day 16 day 23 day 19 day 22 day 26 

L1 18.77 5.05 7.04 6,25 6.04 
L8 5,78 527 6 51 6.51 6.51 
L15 6.66 6.42 8.99 9,61 9.61 
L96 8.67 8.72 6 59 6.41 6.41 
L245 4.93 4.40 '1.97 3.86 3.64 
L285 11.18 11.18 15.07 15.07 15.07 
L366 6.14 6.27 6.22 5.91 5.62 
L373 4.14 4.02 4.90 3.87 3.87 
L390 3.28 4.50 5.86 5.14 5.08 
TK70 6.66 6.47 5.87 5.50 5.31 

"May 1984
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Table 17. ED 50 values from infectivity titrations, 
with the inoculum applied to the soil.' 

LOG ED 50 
. .......
Line .. . .. 

day 8 clay 12 day 16 day 20 

Li 7.61 7.19 7.02 6.91 
L8 8.73 8.09 7.63 7.63 
L15 8.15 7.70 7.43 7.32 
L95 10.12 9.66 9.35 9.35 
L96 9.28 8.90 8.70 8.81 
L240 7.26 7.10 7.01 7.01 
L245 8 58 8 10 8.03 8.03 
L366 8 51 7.43 7.09 7.06 
L373 7.12 667 6.50 650 
L390 7.14 6.99 6.99 6.99 
L766 6 59 635 6.27 6.21 
L1629 8 12 8 25 8.06 8.01 
L1937 8 51 8 11 8.09 8.02 
L3490 9 33 965 8.83 8.73 
L3690 9 95 9.67 9.33 9.33 
L3705 12 1.1 11.29 10.86 10.86 
L4670 9 64 9.01 8.94 8.92 
CL551 8 73 7.40 7.00 7.00 
TK70 8 11 7.64 747 7.47 
L96, 8 94 8.34 8.21 8.14 
L285, 1550 11.94 11.94 
L390' 7.33 6.84 6.60 6.48 

v"W*hrf-iwt d iiita i dale Exeictse 
LI. -- ull', '-I[I lVte ;IbOvt 

Conclusion 

While infcctiil tilratiolts witi cither selin or root inoculattion appeared to determine 
host platit resistaiice to bacterial \.1ti there s,crC some drawbacks. The :ffect of climatic or 
ensiroliletltal difl'frcc-,ccs \ats la rge entough to prevent at given I oe from having all EL) 50 

that remained colltitnt fron tcnt to ltct. I ctl tie .alaiuiarv and March tests gave quite different 

results for the salc line, thnough hot i were conduictcd illatgreenthouse where the temperature 
was closely regulated. Di lfcrelces in ,olar tad ation, wvaterinLg, absolute temperature range, 
atid othcre ,.irotitiental factors could wel hc the cansc of ilhesc diflcrences. At present, we 
lack thc tacilities to puir-,uc thcse quetions mtorc closelv. 

Thin Method lo rcquire-, a large nuimber of' plants. With I0 sets of plants Jier level, 
and 12 lccl,, of inocultni, 12( plilltt arc leqirc+d. lhcsce pla.ints shoutld be uniform as weil, 

since a mixed population will rcquire more plant', at a given level, or suffer from a poorer 
fit (and more difficult co1parisons). ('omputIer softwnarc that allows for the comparison of 

ilnes is being loc tlcd, and will hopefully allow inore sophisticated analysis to be conducted. 

Late Blight on Tomato 
Introduction 

Late blight of tomato (caused by Phytoplthora infestans) is a problem of tomatoes grown 
in highland tropical areas. \Ve have been investigating a tomato line, LI197, that shows partial 
resistance to this pathogen. Thc lesions on this line were not smaller, but they were fewer. 
This past year's studies were aimed at confirming this resistance in the field. Another 
laboratory study w'as conductCd to determine if Ihe infection rate (the number of spores that 
infect divided by the total number) was lower in this line than in TK70. 
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Materials and Methods 

Four-week-old transplants of both L1 197 and TK70 were placed in the field on February 
10. There were two plots of each variety, or a total of four plots. All plantings were inoculated 
on March 22 by placing four infected plants in each plot. An overhead sprinkler irrigation 
was applied for 5 min six times a das to facilitate disease development. D;sease ratings were 
taken at regular intervals according to a modified assessment key for a potato disease. These 
data were analyzed through a lincar regression of logit disease over time. 

Ten-week-old detached leaves of two entries, TK70 and Acc. 1197, were placed on a 
stainless steel net which was filled into a 35 x 25 x 8 cin plastic box, 2 cm above the bottom. 
Four to five wet toilet papers were put on the bottom of the plastic boxes whi,h contained 
two tomato leaves eacli for two different entries. 

Sporangia of 1). ia.]'sians previously isolated from diseased plants in Puli, were grown 
on leaflets of'TK70 in a 200C intcubalor which was lighted for 12 hr and darkened for 12 
hr a day. Ten days after inocuhtion fresh .porangia were washed by I).W. and sieved through 
a double layer of cliceseclotit. For 2.5 fir, a 1( nil filtrate withi a large number of sporangia
and 0. 1 /opotato tuber cxtract (30 1 pti.jo tuhe iii 100 nil .vaiter) was kept at I0°C to induce-,, 

zoospore liberation. To "vparo-tc the snia!el zoosores froti eupty and tiongernlinated
sporangia, v.hich can riot pass Wwu;Lgh the filtering tissue, tie incubated suspension was filtered 
again. Itnordej it determine tlie concentration, I ilof filtered suspetnsion was mixed with 
I ml 8/ formol for killing and fixing tile zoospores. The concentration of zoospores required
for the test vas determined with i a hrciiocylornleter, and serial dilutions were made from 
deion',zed water with 1/100 potato tuber ext rat. 

The inrioculu] Wrniaappli, o1i surface of tile leaflets in5 jd droplets with(c tile abaxial 
an Eppendorf inicropipel. Vle suspensions were adjusted to 10 different dosages: 120, 90,
60, 42.5, 36, 30, 25, 18, 12, and 6 zoospores/droplet. They were dropped on tlie right-hand
side of' I0 different leaves separateiy, and replicated (randonized seqlutenice) on tlie left-hand 
side. After inuoculation, plastic boxes were enclosed in plastic bags to retaintirle with leaves 
moisture and stored in tile greenhouse ill a 20°'C incubator (t2-hr light and 12-hr darkness).
The toilet papers were vetted eveiry day. Data were taken four days after inoculation. 

Results 

It the susceptible line, TK70, the epidernic began by April 10; and by April 25, the 
disease severity was so high that no more data were taken. The ra e of di:ease development 
was .1I, and the fit had art r2 of .97 (Figs. 2 and 3). No disease developed in I.1197 despite 
tile presence of' the inooulated plants and tle overhead sprinkler irrigation.

For TK70, a very good fit was obtained (chi-square value of 6.43065), ,ith art El) So 
value of 26.5023 arid atslope of 3.2503 (Table 18). For 1.1197, probil analysis wva.unable 
to explain these data, and the best fit line had a very large chi-square valhe-41.8167 with 7 df. 

Conclusion 

This is a good technique for determining infection rate of zoospores of P. infestans, 
but more work is required before it can be used on L 1197. Additional factors seem to be 
responsible for the growth of the fungus in tile plant. This may be [lie resistance of tile tonlato 
line itself, which is causing difficulty in distinguishing between resistant and susceptible
reactions. False "susceptible" reactions rtay have occurred in some of tlie sites, which led 
to too many positive responses, which in turn caused tle probit line to fit poorly. 

L1197 displays e.\cellent resistance under field conditions, although tile act ual reasons 
are still unknown. In the absence of correlated characteristics and the lack of knowledge about 
the components of resistance, screening will have to be continued under field conditions. 
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Fig. 2. Development of late blight 
susceptible tomato TK70. 

in the Fig. 3. Development of late blight in the 
susceptible tomato TK70 (disease 
transformed to logit). 

Table 18. Infectivity titrations of Phythophthora infestans 
on !omato. 

Zoospoies .... . .... .TK7Q. .... . . L1197 
per Drop Site Positive SiteNumber PositiveSites Number Sites 

120 40 
 40 35 24
 
90 37 
 36 18 14
 
60 35 
 31 26 
 10
 
42.5 40 32 40 
 31 
36 40 27 48 35
 
30 40 
 21 27 
 12
 
25 40 15 
 11 2 
18 40 8 ,3 21 
12 40 9 42 4 
6 40 0 33 0 
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Tomato Physiology 

Effect of Temperature on the Stability of Tomato Flower Membranes 

Introduction 

The flower is aflfcCLd by high teinpcralire. At present, the niechanisnis controlling tlheheat tolerance of a Iflo\sCr's Conponients are still not clear. Since the inemlbrane may have.1Central role illthe cellular response :o stresses, tihe cxtcnt of its damnage is commonly used 
as11 IL;IIC ) tolcialicc to various erivirornnie1tal lstresses in i)lants.

The presCll stuidy"VCamineiCd: 1)thC effect of high teim perature oil Inllbrane stabilityof' tomato leaf tissues, antliers and pistils; and 2) the variability of ienbrane stability ofanthers and piistils of licattolCranl and hCal-sensitic tomnaloes under diffecrnt teneratures. 

Materials and Methods 

Sccdl:ns of 1.124, 1.387, 1.3958, 1.3982, C1.1131!- 26-1-0, C .11311-'-43-8-1, and(T. 1311'<-65-13-0-1 were transplanted to the clay pots on .fiuly 5, 1984. During tle vrowing.period, plaill %\crcsblijliected to titean ina\illrtim/i"inill tieilmliellPralures of 33.3°/23.0oc.0n .luly 25, half of the plails ,cre mnoved into a gro '-gleese (42.30/23.4c(i); the othcr half 
\yere kept oulside (33.3'123.0)°('). 

()n AILtust ,plails svitll dil !cnistagces ,fl'floral devclopment aid tile third expanded
la\Cs frontIt li werC etip httArmso-: dernine nmenbrane stability. Bud anthers and pistilsfive days befol, anliesis ()IIA), 2 l)B..\, and 0 I)13A (alantlhesis) wcre separately removed.
Ten to 12 aiilhi and pistils and 20 leaf liscs were placed in test tithes with 20 nil of dcicjizedWalci ald irlL.rbaicd 01 5() and I(N0( for 2() iii, "tFss were rCinoved Iron1 IhC soLtiOn
before Inteasrillit, 2Conduttance. 

Tihe plails used in thc second insestiationt were !cat-se nsiive (l123 and 1.124), healtolerait (1.3957, 1.3958, (1.1 1311:-43-8-1, and (.5915-153D 1-3-) and partlhtenocarpic
(Sevcriartiin) tolliatocs. Seedlinis were field transplanted on Jil' 23, 1984. A randomized
coletl]ClC block (RUIi) design will I for replications was ised. :;owCrs bLds (5 IA, 2 IBA,()I)IA) wCre Sep'llately halrvt.,Icd frt liefield Irontti s 27 to September 6. Mean

Ila.\ilililli alld tiliilin tetiCleratltires ( ( ) fromt field planting to samnpling, were 
 31.4 (23.6

to 33.4) and 2-.1 (22.0 to 26.0), respectively.


Anlhiers aid pistils were separalely remioved f'roninthe flower irlds at 2 I)HA and 0 DBA.Flower buds at 5 l)IIA werc reniovcd ,it rout sCpalalioll l'iom tileflower bIds. TwClvC aitlers,
pistils, or arliers with I pistils \\crc placed in test tibes with 10I nfl of' d,'ionizcd water andincubated for 91) rmin under Illi-eraurc, of 20'), 250, 30', 350 , 40' , 450 , 50', aid 100°Cin a reciprocal shaker ala frequency of 40 cycles /nit. The atitlicrs :'nd/or pistils were tlhcn 
removed front ile solhltion. 

T'he conductlanice of iottleakage ilI remaining solutions were measured with YSI Model32 Conductance Meter. There were liree replicates for each measurement. The extent oi
lelbrane injury caused by ICine)Cratiure\was assessed fron tile change intlhe leakage between 

specific temnperaltire aid 100C. 
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Results 

The extent of pistil damage, regardless of developmental stage and growing temperature,was the highest (Table 1). Leaf tissues from plants grown at low temperatures had the leastdamage. Anthers at 5 DIBA had t higher dainage rate than 2 and 0 DBA, maybe becauseof tie difficulty in separating anthers and piktils at 5 IBA and the resulting damnage beforcincubation. Plants grown under high tmperalUirc conditions clearly had higher membranedamage of both leaf* and reproductive tissies than under low temperat tires. The results suggestthat the reprodrCtive tissue is most sensitive to hiigh temper-ittire.
The second investigat ion aimed at finding the critical temperal tire for membrane damageshowed that high terperatUre increased the leakage of electrolytes froni anthers and/or pistils(Fig. 1). All anthers and pistils at 2 and 0 IBA were more leaky ihan those at 5 l)IIBA. Pistilswere more leaky han anthers at all developmental stages. For anthers with pistils at 5 DIBAand anthers at 0 I)BA, tiore than 5017o heat inj iry occurred at 50'C. lie slope between450 and 50'C was stepest for anthers at 0 D)BA, indicating thal anthers ,r,' paiticularlysensitive to tetfperatttres in ,his range. On the other hand, for both anthers and pistils at2 D1HA atid pistils at 0 DIBA, more than 501o heat injury occurred at 45'C. Socme discrepaiciesbetween tlie rirst aid second investigations iiay bc due to ile difleretnce in growing

tern perat tires. 
Whetn comparing the leakage of electrolytes among entries, ie leakage from anthersof' 0 DBA, and anther; with pistils of 5 DBA f'rom heal-tolerant (1.11311 '-43-8-1CL5915D)1-153 was less than tle rest of LiltriCs (Table 2). The least 

and 

at heat injurv to anthersanthesis of heat tolerant C I1131-0-0-43 and CI .5915-1 531)4, was most noticeabl,: at 50'C(Fig. 1). This rcsilt suggests that the anther nietibraties of heat-lolerani lomatloes \%ere highlystable. Since the reprodl .iivcorgans were obtained from tlie field-grown plait: under high 

Table 1. Heaf injury (O/1)of membranes in leaf discs, anthers,
and pistils from tomatoes grown under high and low temperatures'. 

Temp (0C) Leaf Anthers Pistils
5 DBA 2 DBA 0 DB/, 5 DBA 2 DBA 0 DBA

42.3/23.4 31. 59* 36 30* 77 79 74*33.3/23.0 13 45 32 21 76 73 65'Mean of -,even entries. each with three replicaior,, Signif:cant difference at 50/'o (*) and 1% (*
 
level, F le!;t
 

100 
-

0-0 L123, L124
 
90 -s-L3957, L3958
 
60- o---o CL 1131-43,CL5915-153
 

50 "'"A----Severionin 

Anthers of anthesis
 
Fig. 1.
 

30 - -A tomato entries and incubated at various tempera
tures. Each point represents the mean of two


20 entries, except on Severianin.
 

20

0 20 25 30 35 40 45 50
 
Temperature (C)
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Table 2. Leakage of electrolytes (m mhos/cm/g dry wt) from anthers, 
and anthers with pistils at 500C. 

Anther with Anther AntherPistil (5 D ) (2 DBA) (0 DBA) 

L12'1 7.94, 13.98a 13.78ab 
L124 7.79;, 10.01d 12.26b 
L3957 9.39a 12.02bc 15.36a 
L3958 8.1Oa 11.00(d 12.45b 
CL1131 F5-43 5.14L; 9.34d 5.24d 
CL5915-153D 4 6.40b 12.69a-c 9.72c 
Severianin 7.72a 13.40ab 13.81ab

7Mean m,-p;lr al ai wttlher columrns by Duncan's Multiple Range Tes, 5 V, level. 

tetnperatutire, it is very likely that genotypes sclected as heat-tol:rant arc actually genotypes 
with heat-tolerant ant hers at anthesis. 

Conclusion 

High iemperattires increase the membrane permeability of both toiato leaf and floral 
organs. The di ifcrent responses to temperature of totnato anthers and pistils of various varieties 
in terms of' memthbrane ,t ability pose a potential method for the study of heat stress on tile 
reproductivce process and scrc,-tiing for heat tolerance. Since other nechanisms of reprod uctive 
process should also he considered in hecat toleraice of' tomato, the coin parali ye responses of 
membranc permeability may [lot constitute a final classification of their heat tolerance. 
However, a re-cvttati ii of selectled tolerant genotvpes tnder high teniperat tire stress for the 
idCt lification of ,pecific prltcCSieS , Ihat Lo well ill tertis of memlbrane stability may be desirable. 
Genotypes with stahle reproductivc membranes are desirable, especially when one considers 
that the elect of high temperturc on tomato is usualy sublethal and slow. 

Effect of High Temperature on Proline Content in Tomato 

Introduction 

Proline accutltlites in response to environmental stress. Th'je objectives of this research 
were to I) determine if temperature ca uses the accumulation of proline; 2) investigate the 
extent of' proline actcumulation in different plain[ parts; 3) find out if' variability in proline 
content is related to heat tolerance; and 4) clarify Ihe role of proline in pollen germination. 

Materials and Methods 

.S. dliitgs of 1.124, 1.387, 1.3958, 1.3982, ('1.1131 F,-26- 1-0, (1.1 131 1:-43-8-1, and 
Cl. 1131 F-65-13-(0- I wcre transplanted to clay pots onl March 13, April 9, and .1lttle II, 1984, 
respcclively. One week before sampling for proline determritiot, the plants grown outside 
lie grecnhliotise were divided iinto two grotps; t)itc group was left outside the grecnlotisc, and 

the other was pltced inside t::ider high temperature treatment. 
"[weirty-oic plaits of' each entrv were separated into three replicates. Right after a week 

of high tellpertalttre t;cattlent, tile f'loral ilds werc separately sanp tld according to flower 
development, i.e., live to fottr days before. anthesis (I)13A), 2 to 1 1-;. , and at anthesis (0 
DIA). The iird tIully expanded leaflets from the lop wvere also harvestccl. Flower buds of 
different developmental stages were separated into anthers and pistils. Leaflets, anthers, and 
pistils were wcighcd, extracted, and determined for proline contetnt on the fresh weight basis 

In the investigation for tile role of proline in germination, fresh anthers of CL5915 
379D 4-1-4-0 and CLI 11311F5-65-13-0-1 were collcected ott tle day of anthesis from the field 
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Pollen was brushed ofT fro the anthers ito an Abldalla and Verker germitmtion media \\filh 
or Without proline ((.45, 0.85, and 1.25 NI) for 5 mill at room temperature, and lhe]n placed

either at 40(C or remained 
at 27(' for 10 mill. [it+'ore dilfititte \with the same eern nliatlion
reedilumf+ w'+ithout prolite and in,:tlbalinLl at 27('. (.erm'iuationtrate \Wa, (tItCllitICd atel'ir
hr of' incubation. Anot itt, ivestiL'atio wais cottlu,:tced to clheck the efl'ct 0'rOne al lower

3 
oi 


Concentr'atitoms (I tt1.\l and 5 ml) otipollen uerminalito of 1387, (1,5915-13(-I-ft0 ('l5915
1531)<-3-3 and (1,5915-229-3 at 28'U.
 

Results 

Teft'e was an acetutiltlioti of free' prolite in the leaves of plant,s urtwmn at hih
 
temperat nre (able 3). '[he mntert ttde of difference in leaf proline is greatcr at+on plamt iuis

of lowtettieralt res thatn ;ainmteL those tmntdCr otte week e
of diffcretial telcrir lltreaIttllttt

before sailnplint. (.)th her +t.stii2llolshiad also StownIlrCe prolifinc acctlinmmlat iotns 
 itn leatf tissiete 
in responttse to othter iltllitalCtnilnt snre,, ;ntd tlltellnled to telate Itis increase to etts irioi,-
Ie11111 [tole'raCe OtFt t, t.Ital,'Itlmicaoro tress le'vel. I hows'C,.,r, lito1Cot sistetnt i2ettV
 

differettcs were fott.d iltfree prolIt les+elo btlale U tisstte amttnd slven, ett 
 ieamit.te.
 
O ur restlts .st.2_,t., ill
Iht l l eI 
 t olitaill tll-istell prolillt I t+)Ot e o1t2111IrClitltlre,, s-,riclh'
 
cotmrollcd (te.Uperatttre i, rltltir,.
 

Iligh iJrtslit Ie l attlli,.ttt hig LIt+mlpelrattlt i+,a lhe t tsed a;s atl imlicatiottlo f'Ilil
,_ ill hi 

teln ''Itttl t ,,
stIres. I e.er, ,ittce tie flosse'r it, tost setnsitis+ eItit l Ite t rItrCI +\ ideft
 
cat+ses the edtt.lottll it fluit 
 set, tlhtCIeate it cottCItrat;ioutt0'o 'rte prolitC in floral tissues
 
wilh littte of platintt and Itighn tt+npt+eraltur is also detetrtmitted and'thmt itt [able 3. [he

data itdicatd Ital prolitte cotltelratiott il alll, tlms it.'retsd \6itht itcreasite dCvtoplttleI Ial
 
statc. Iti,, trtCtd .att be obsesed itt a.ttlhtrs ofl plattts ill 
 the Ithte planittu dates. Nloisttlre
 
conttett ik etl,;tlll dutrlt alltlhtr desellqmltt o tlti, ilttease 
 IaV he solelv prolintte.

Wtltt1t tlte Iatte litte, alt'lierlohitaitd 'r1ot plants growtn ill thI ';taltlrcs

had s,,ttifieatt Imlos, It. :tcu 'llittlittl. Ihis is supportedtter ,tp hv Ine Ifact that ill
tile tlttee planitus, tle atr..- Itlot tte ltot-seasolt pktltts (fittt:e If Ito.tlv '.) had los er 
prolifie coteleUllraliot lt coo-sea,,ontIllian ote (i.\larch 13 to April 24). I low'. er, \se\t Itttdtbo cot,,sltett i-etot \pie dif fetue t .til ft ptolitte I+l'es,.,t th rClalitof t.itt ttto t e Lft 'iCnt 
heatl-olratin Ilee, of Ithese Clli". I hi', IllV behdu. to fI tla '1t t w\e ttot le0h to0 
e rt'oss platt ttllttl,,.t ,ictlv cotttollet d milt'ollllrttttell cot ditions. 

Ill ,tttOttht'r e\petlitt..tl ss ilt ('I 5915 -153 Cotdt0t_'CIl ilt ro t+lCltllt+et's, the t'esttlts
conf'irttt.d til fitlditt.s thtatiproflite lh.L.litt ainlh.'r ,ittreased \silh incrteasing de'velopmental
sta ,:;and Iulttettpet'at c rLte,'lttedWits, h. (l thale4). fltc f'ilst f'indin, did mnot apply to 
pistils, ImC'\se, hill lc et.cotl did. 

, itt hiiht' tlhi.tll 
foin 4-to 4()-ftold. ft hii,, 

FPro liec elsC\ these tItet. t OLfrl+'iitlls '5t.clC it tlie leaf tisstte, rattging
htbciit stte :stcd lh;tt ptolite ;tcetttntulatitt \,Is of stint 1%val\lt tlt'iltu

et'vit~l'o+tt ill stress. Sine Ilt-' llt)ss " is llot "lt"ceptlifec to higlh ttltf rattre strCss, higlt 
p inrolite I,'lI ata lie tteeessar,\. tI) inaitntitt ils phth\,iO iCal fu'tMCtteot. Itle alfii-Ctt redCItetion 

Table 3. Effect of temperature on proline content (1,mole/g fresh wt) 
of tomato anthers and leaves'
 

Planting Temp. (OC) Leaves 
 Anthers 
4 DBA 2 DBA 0 DBA


March 13 37.0/223 0.61ns 
 3.35, 12.13' 20 .7ns 
28.9/18.4 0.54 8.53 18.41 20.73April 9 45.0/21.0 1.67' 3,19" 13.20, 19.10" 
36.5/18.6 1.05 8.00 18.20 22.40June 11 41.2/24.3 1.35 * 4.94 5.36, 8.99'' 
33.7/23.0 0.81 5.71 6.89 10.74


'The average of seven entries: significant difference within Ihe sam planting at 5% (1") 1% (A*)
and 
level, F test 

http:ieamit.te
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of prolinc accumulation in anthers h -ighteiperature indicates that prcline could have an 
important 'unciion inllthe \iahle pollen dc\Clolltlll under adverse lhiih lentperlure Conditions. 

Sinec tihe rolb of prolinc ill ;intlicr, is dilTicult to ases, under in vivo conditions, data 
in lahlc 5 indicaiCd that hIle addition of' proliic to the .crmhilation inediniil made pollen lllore 
resistant to lli,!i iCipra lic ,lltrs,. Iroliinc it lo\erCtoncentrations iihi Ith mdiuIm also 
proliloltCd p lCn _'Cllllllll on at loll 'teilprcatinc (lahlc 6). Ihc<,c ic,,u i c that lhe 
high I roliiie atlillo toImd 11 tOtIIOconcntCi 	 its illhCr, ia icited COIfIr !tolrtllCe tO 

ugerniillan 1tim , at ilax ohifc tCllpClilatllCi. lhcrchx Cemifncii the Chiaiice of 'successful 
Imi Ii/at ion. 

I lox, cxci, thCiC c aeaddecl ,oniipliCit its to he ,irllitlicCd otl1 before a IOr. definite 
aii,\cr aboutl th lincclitiin o1 iproliiic actioti in the ilhtc c"an he giii. PiSeitl studies 
could not ctcl i ini lil. atd 'IclP eidillcicdlcc, ;iillicl pl iln ifTCrel dxc lopniiicital sta es in 
r olatiou (i ii C in 0I1 hAs lolfiflctlCC (i.e., frlit xildC iid fruit Set abilityci,,cliolt\ ditICrciict, 
il hihifi ll ccIltl i,. lic I't l Ilia\ hte 'oillplic'.;lcd b\ fllucltua illg ltllperatumc o olher 
clii tiellllill l,, a and .llif\/inL'. 1lint +riilorc, pex ois rsth s howedtacl bet ,,;iiilplpiiiL 
thmilol t of lie pollcn iin hie;it scfitint ltotiatoe,, xxcc rendere,lCd iioiilahle 	ill high
tIcIIpcraltiL,. \\iellhci pohiti pla aii\ l iic'c cilltiills he, ole% in ispcl to sCell. 

Table 4. Effect of temperature ("C) on proline content (micro-mole/g fresh wt) 
of an-lrr; and pislil! from CL5915-153" 

Organ Stiqfi $5 0/18 ( 30 0/25 0 33.0/23.3
 
5--4 DBA 8Ic 6 17 
 7.12b
 

Anther 2-1 DBA ail 940 
 0825 b8.S8ab 
0 DBA a20 61a 08 66 blO.86a 
-4Dt3A NG74 b447 c2.49ab
 

Pisil 2-1 D13A 
 ,t a6.86 bl.98b 
0 DBA a4,84 ab3.98 b3.06a 

,ii .	 !':': r:*- hrw JrI rt ,' i:, 1t i .r ty , Mtithrlp Range Test. 5% 
nit 1i' it, '.11 Vrr.P! .,.-'tr ;sit 

Table 5. Effect of neat and proline addition 
on tomato pollen germination (%0). 

Temp (C) Prolne (mrnte/l) CL591t--379D4-1-4-0' CLi 131-F5.65.13-0-1, 
40 	 0 9.2f 0.7 

0.,15 tote 3.7e 
0.85 25.9cd 	 7.2cd 
1.25 23.4d 	 ;.5de 

27 	 0 1.81 3.9bc 
0.45 41.6a 	 10.5b 
0.85 31.7b 	 10.5b 
1.25 29.7bc 13.3a 

lMeln fejrit;if;lfio(r v hhir jrlirr', try Durcan'!; Multpli Rancge Test, 5'r,, 1es l 

Table 6. Effect 	of proline addition on tomato pollen germination (O/o)'. 

Entry 0 mM 1 mM 5 mM 
L387 1,45b 19.1a 19.1a 
CL5915-136-1-0 9.8c 13.8b 18.5a 
CL5915-153D4-3-3 9. lb 10.Oab 12. la 
CL5915-229-1-3 16.8b 19.5a 18.Oab 

ZMean ;eparaiton 	within rows by Duncan's Multiple Range Test, 5% level. 
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Conclusion 

l3rolinc concentration illthe tonato anther increased with advancing developmental 
stage, but decreased with increasing temperature. Illthe leaf tissue, it accnmtnlated as the 
tern peratu re increased, ht its concelrll'ation was lower than that in anthers and pistils. The 
exact role o1 proline in anthers and pistils ik not clear. However, the addition of proline to 
[ihe germiniiat ion inedlni made pollCn more resistant to)CNiture.resits suggestto highElnll '1IlSe 
that high prolilc Concentrations illtie alnther may colnfIer resistaice to the ant her pollensor 
at unf as orahlv high lteiiperatutirc. 

Studies on Tomato Pollen Respiration 

Introduction 

It is liccessarv to estlali I the relationship between prolifnc and letabolic events 
imlportal to l ,n erniination. lProliiC SlilInlates nlomIIal rCsp+irition o1' plainl tissues and 
remolllve littiiliiloly at[ioll eXeltCd OilOXgen',1 nplke. I:tllherlnoel't, an1 adlaptive role tornhy 

stress-indnicet _laine act lat1lnl
lioll has also ben inl'erred in stress environments. The purposo 
of this stldv, wi to deleliin ct lfie elft'o toempratuitii-ireo t lie respiration of gerinilating 
pollell in the culttie mncdluin with or wilhotl p oilinc or belainc. 

Materials and Methods 

Seedling-s ot 1.3s.7 id+.(1.5915-1531),-3-3-) were field planted oilSeptenibr 26, 1984. 
A randolliCL comltieC block (R('11) design with ihrt.e replications was empc'loyed, each 
replicate llas i1!-6(0 plat,. WIn the pllnt had fou1ir to live ciustCrs, t11C flowCr \wCr collectCd 
oin lileca\ ca.h rcpllicaion l'or 25 days, 21. Pollen wasdyo opculii' L onll iailiti oil October 
collectCd I hlkil, it oflf liC flosser into a pollen collector ill iloritory.tilab ICi inaXiimnIlil 
and lliiinilii telrla)CU ttC, titref ild I)lant iU to tile last "a nlipliiig, oflpollensn Lcrc 3(0.7 1-1.3 
and 21.7 t 1.6, repccisclv. [lie pollen was stored i airtilit polvCt ihylcuiC IaLs to elliwitlh
 

".
silica gel to ledtlce hulidii lt, ali kIet ill a tre'IC r at -15° 
On the da\ of, repilatioli iiastrcilent , the pollti waIs tlia\eLf I0 15 inii e'fore 

,
wi-hiuiing. Relpi'-aliol \'a ineastiredmanintl'icall\ with a (uilSon Dit'ere'ilial Respirolineter. 
[lie staildild CiltlCin iedilii coslliiCd of I111()1, C'a(N( )),and sticio,,c at 10(0 plm, 1510 

ml,.,Used 1.7 
,ItI. Respiraltiols 'Cre mitiati cd al 20' , 26', 32', and 38('. At 32(, the melll.Wii was added 

wilh 5 mnXI proline or hetaite. h-ere \vere either three repiicautioins (I) tg pollcn/rteplicate) 
or fotir replicatioils (7 itg pollen icplicate) 'tr each measurementAt the termination of 
respiratioelnlin itireiiuis, t lie inclia \wi ltpollei were observedlfor pollemi gerlillation under 
a niicrostctf at 20)."mianilficatoiol. 

ppn, and 2("'t', respectiil tl\.lieaito oi mnt i ille;ich rCspililill flask was 

Results 

Pollen respiralion of both 1.387 and (.5915-1531) 4-3-3-0 responded quite differently 
under diferellnt ternlncrattlir conditions. With 1,387, respiration increased constantly at 2(0 
and 26(, and reiiained hiuh thereafter (Fig. 2). At 320 and 380C, respiration increased 
rapidly ahoill 3 miil, and then started to dccrease 'aster at 380( ' than al 32'(C. lor 
C'1-5915-1531).-3-3-0, rcspiralion increased constantl llt 26 C and remained high therealter; 
whereas respiration was low at 20'C' tIhroughoutt lie ieasuiring ipriod (F-ig. 3). Iollen 
respiration increased rapidly for 30 to 45 min at 32 and 38°0(; however, it decreased rapidly 
lhereafter, especially at 380(U. Regardless of intcubation lemperat tire, pollen respirations of 
1-387, imi general, were higher than those of* C1.5915-1531- 4-3-3-0. High respirat ion rates 
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resulted in a high percentage of pollen germination. The average pollen germination tate was 
higher in 1-387 than in ('I5915-1531)4-3-3-0 (Table 7). 

Studies have shown an as,ociation of anther proline reduction with high temperature 
arid betaine actiC.llllt1atioll illplant itcunnder ,tress. In this studI, both proline and bectaine 
tended to Cnhance pollen respiration and ecrittirtation of poorly respirine and germinating 
pollen of ('1+5915-153l).-3-3-() at 32( (Fig. -1). [hc e\act role of prolilie and betaine in 
pollen rlespiration i,[lot clear. I lowsLr, it wa neucsicd that iil germinainig pollen the tree 
proliriC reereconuld he directl\' incorpjoratCd int 0,ttriuctlirCd proteins which are necessary
for polIllen Ulowtft. 

Itt termn, of knit ,,et,1,387 wa,, usuallv heat-sensitivc and (i.5915-1531).-3-3-0 was heat
tolerant lto,. eci, the pollcn of 1,387 clearly had hitgher pollenI respiration and germination 
rate, thian that of (I 5915-1531)1-3-3-) ill thi,, c\periciie t. lie pollens of both entries were 
collected wlhen thre c,.npeattire vsi, la,.orahlc for fuit ,itin. lProline and hetaine reserves 
irright already hC high e,r+o h ill 1,387, to ,atisfy the haic reqrireinems I'ortlie germinating 
pollen at diffCrCnt tWrnper ,- \V- ,pl)lo..C tlat ic.Is Clof !lics rC.eserves was low in 
('1.915- 1531).-3-3-) .,.n tini er laorable conditions, but that tie addition of frce proline 
or hetairte to tie rIteditum li;.d t trori Stiritulator effctCCI. 

4 5 - - - - --- .. . .. i30 -- -

L 387 CL5915-1530 4-3-3-O 

40 ' 20"C /20*C
 
-26C -- 26oC
 

/
32'C c 20 --- 32oC ,' Y:38'C LD ='= 38oC . .
 

0. 

/ , 8.30' E1 
o / /" 

E,20 55 ¢
 

05 15 30 45 60 75 90 105 120 135 150 
Minute 

10 Fig. 2.
CO' release of germinating tomato (L387)pollen. Each point is the average of three or four 

51 replicate Warburg flasks. 

i Fig. 3. 
of CO, release of germinating tomato (CL5915
05 15 30 45 60 75 90 105 120 135 150 153D-3-3-0) pollen. Each point is tfie average

Minute of three or four replicate Warburg flasks. 

Table 7. Pollen germination (0/1)of tomatoes under different 
temperatures wifh or without proline and betaine'. 

Treatment L387 CL5915-153Dr 
20*C 
 45ab 18abc 
26 0C 34b 6c 
32 0C 50a 16bc 
32 0C+ 5 mM proline 52a 32a 
32'C + 5 mM betaine 34b 24ab 

'Meari ;eparation withi columns by Durrcaf); Multplf! Ranqe Test, 5/. level. 
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30 
CL5915-153 D4-3-3-0 

32*C +Proline 
32 C + Belaire 

o2 0 - 3 0 

01 ,Fig. 4.S,"CO, 
 release of germinating tomato (CL5915
, /p
S"1530.,-3-3-0) pollen in the medium containingbetaine or proine. Each point isthe average ofo  three or four replicate Warburg flasks. 

5 
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Minute 

Conclusion
 

Germinatinc pollen of 1.387 and '1.5915-1531 4-3-3-4) exhibited high ra.tus of respiration
at 200 and 260 (. I ligh temperat res at 32' and 38("'clearly Aihiitd pollen respiration and 
germination. In gencral, C1.59 531)-3-3-0 had lower pollen respiration and cermilation 
thani 1.387. Ilowever, the addition of proline or betaine to tie nediunn of (15915-I153l).-3-3-0)
enhanced pollen respiration arid gerination.

It i., fictrh asccrtaill the role of proline tlhis stud ofdi to ar d helaille il colliplarali.

hcat tolerance in1.387 and (1.5915-1 5 3 1)- 3-3-) bceause 
 the pollen of these mOiatoc- \wCrC 
collected tnder 'avorale temniperature collditions. Nevertheles, tire experitn ttal resuth clearly
reinl'orcc our carlier assuml tiorn concernin ,the importat role of I'rec proline il tile tolmato 
reprodnCtive procCsCS at high teiperatire. 

In Vitro Study of Floral Bud Development 

Introduction 

l)uc to lack of ercirrrent-eortrolled faeilities at AVRI)(', stdies on high teriperature 
stress and crecnine for heat tolerancc ill toliato are so eretines rather difTicult. The use of' 
tire ilr vitro techniqtre fIr' ;riot, Isphysilog ical stuidies Ont m ato Iloral Irlds has iade it 
possible to carry o1t cx ,perillrrerr vhich Coruld be tirniC-Co suriing , ctlriibersolric and onilctirrics
impossible under ield coiitions. Sincre tre rlo to floral bud is [ost selrsiisie to high
tCmperaltHC, tie prsCCnt study \was condtuctCd to C\pl'or tilc bc' tormato I'loral-id culttre,
and exanie floral bud dh'evchlopCrut uderlliorCi al and thigh ItC! +rIallprrrcConditions. 

Materials and Methods 

Secdling%, of 1.387 arid (' 591S-1531)L-3-3-) (01 5915) \cre field-plaried on September
26, 1984. A rardomi aed complete block (RC'B) tesigri witIh three replicates was ceimployed;
each replicate had N) plants. Mean maxiruni and miimuni temperattires throughout the 
urowinri season was 30.2 _1.5 and 21.8 ± 2.2, respectively. 

Sizes of floral buds at six days before anthesis (I) lBA), 4 1)1\ and 2 DIBA were 
predeternined by tagging and observation. When the plants had five to six clusters, Iloral 
buds with pedicels were e!xcised at 6 I)BA, 4 [)lBA, and 2 I)BA, in that order, at 2-day intervals. 
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Various sterilizing methods, bud preparations, and media were tried. The best procedure is 
briefly described as follo\%s: 

Floral buds were sterilized with 0.1% HgCl2 for 5 min, and then rinsed three times with 
sterile, distilled water. Excessive moisture was remoed by pressing the buds against sterile 
tissue paper. Horal buds were cut above the abscission zone and their sepals removed before 
they w\ere transierred I test lubes containing a modified NIS mediun. Tile medium contained 
100/0 sucrose and 110 agar. In one of the high-tenmperat ure bud cult urings, I niM proline was 
added to tihe culture :mediun. 

iere were two florat buids it- each of the test tibrs which were incubated at 32'/260 
or 26' /20'C (day/night) with 9G0 Il:i from 3:00 a i to 6:00 p.m. for 6, 4, and 2 days at 
6 IjilA, 4 IBA, and 2 l)BA, re,;pectively. Each treatment had three replicates (i.e., high 
emperatire, high te:nperat'are 4-proline, and optimal temperattire), and each replicate had 

cight test tubes. [hey were Oxamied for anthesis, uid browning, pollen stainability, and pollen 
gcerni'ation. After dif(crent periods of ci!urring, pollen staining was conducted with aceto
carmine d'e. At tei same tin,:, pollen germination was determined after 4 hr )f incubation 
in 20(ro suer o.se :rnd 100 ppm 1i1113 at 27'C, 

Results 

There was high brd-orowning it 6 I)BA and 4 DBA, especially at high temperatare 
incubation (Fable 8). This resutI Stlgcs ,stha:tt these stages inight be the most critical to high 
tcniperat tire. Addition of prol ine to C'1.5915 floral buds at 6 D13A and 4 D13A reduced 
browning at hiigh tenerature. Sligh, browning reduction was also noticed , 4 DBA of L387 
birds. (hIis reduction of bud-browning by proline might be due to its heat protectailt qualities. 
Regardless of ieniperat tirC, 1.387 at 6 I)IA tended to have more bud browning than CL 5915. 
Whether this diff'erencC is cor ributing to li': tol',rance inCI.5915 deserves further investigation. 

There was bird ri floral hud al normal Bud stage a,ohigh openingfront teiiperature. 
significantly ,IffIc'tcdbud epcnilig, which was !riore pronounced in (71.5915 at high than at 
optimal teurperatire. In gCnTral, birds suifl'cd 1rore which were collected at earli2r than at 
tle later daLtes. Furthermore, ( 5915 had more opened buds than I387 at 6 I)BA in normal 
telperatire. Ihis silelcs that beat-tolerant ('1.5915 can open its flower even when cultured 
at N early stage of bird Cvelopieit. 

There ssere no sigiiflc.Irt diflerences in tie percentages of pollen staining by temperat tire 
trealtmenits or bud stages, except ihi(1,5915 wiich at 2 I.IA had higher pollen staining than 
L387. Tlie stairring wa, enrerally good regardless of cuIt tire stages and temperature. However, 

Table 8. Percentage opening, browning, pollen-staining and pollen germination 
of floral buds cultured Linder different temperatures'. 

Optimal Temp High iemp. High Temp., Pro.E n tr es... .. .... . . . .. . 
6 DBA 4 DBA 2 DBA 6 DBA 4DBA 2 DBA 6 DBA 4 DBA 2 DBA
 

Bud browning
 
CL59IF b12 12 0 b50a 29a 2b 38a 6b Ob
 
L387 a-12a 12b Ob a94a 27b 2c 96a 19b Oc
 
Bud opening 
CL5915 a83 91 48b 92a 42b83 25b 54ab 83a 
-387 b58b 75ab 92a 50 65 85 46b 67ab 83a 
Pollen stainin'l 
CL5915 69 82 58 54 74 a71 73 69 69 
L387 57 67 70 75 68 b53 
 64 57 61
 
Pcllern germination 
.L5915 a2b 8ab blia 0 0 0 0 0 0 
.387 bOb 8b a34a 1 0 0 0 0 0 

zLtt(tr,; V, the ri.lhl of nunilber. n a ;r ithlir columns by Durncan's 

5> evel, letters I) the leftnear separation withi rovs of the same treatment by DMRT, 5% level,
 

.r.'wa Multiple Range Test, 
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in a related experiment without culturing, there was no pollen-staining on pollens obtained 
from 6 DBA. Pollen-staining percentages of fresh and cultured floral buds at 4 and 2 DBA 
were comparable. 

Pollen germination of both entries was significantly higher at optimal temperature than 
at high temperature with or without proline. Floral buds collected at 6 and 4 DBA had 
significantly less pollen gcrmination than those ;at 2 DIBA at optimal temperature. At optimal
temperature, no germination occurred on 1-387 pollens at 6 DBA. In a relatcd experiment
without culturing, the pollens of fresh buds did not germin:,te, too, and pollens at 6 DBA 
were clearly still imniature. 

Although tile aceto-carmine technique has been suggested as a ouick method of assessing
pollen viability, our results did not show iy correspondence between pollen-staining and 
pollen germination. The staining technique may be used to determine pollen maturity, but 
should be tested further for a more reliable evaluation of' pollen viability. 

Conclusion 

Satisfactory rcsults were obtained with the culture of tomato floral buds at 6, 4, and 
2 )IBA with a niodified MS mediun. High temperature affected the huds and reduced pollen
germination. The younger floral buds (6 and 4 DBA) had less bud opening and more browning.
In general, however, opening was at a satistfactory level and browning was not too high. The 
addition of pro'ine to the medium slightly reducd browning. Pollen staining was high, in 
general, arid did not show any (Iiffcrences among ieatnients. Pollen gerrmination, in general, 
was low and present only at optimal temperature. (Al.5915 had more pollen gecrnination, more 
bud-opening, more pollen-staining, but less browning than L.387. 

hi "i'ro floral bud cuIrc may be a tool to facilitate physiological studies of ganietogeisis.
However, furlher stidies need to be conducted on ini tmal garnetogenesis of youne floral buds 
under in vitlro conditions. The precise modification of iriedia should also be done for long-term
experiment, sirch as fruit-setting, ovary dexv,'opncnit, and seed-settiig. 

Evaluation of Morphological and Physiological Characters 

of Heat-Tolerant Tomatoes in a Multiple-Season Trial 

Introduction 

The inlerrelatimlship between torato ad a high temperature environment, and lie 
relationship betweeri relevant physiological processes and tle genetic variation of thesc 
processes are conihple.. Ii irder- to enhance toe level of leat tolerance, it is necessary to search 
for aspects of growti and devclopinciit which are relevant to stccessftull fruit set at high
tellperattre. A reasonille approach vculd to be to miake all inventory of genotypes for a 
w\idc series of scpr.naC, hut baNC plihvsilo,2 cal capacities :ehlted to fruit set at high temperatire,
in order to obiairi a hetter (irdcrstardin! of' tile genotype values. This inventory could be 
folltrvcd v breeders ,'oi a recoibi nation of corl plellentar traits. '1 ie present experillilit 
t ili/ed Materia,, ich had been previously ideintified as ileat-toleranit, and characterited some 
physiolo ical prt)ccs.es re.leari t to heat tolerance of tonato. 

Materials and Methods 

SeCdliIns Oi' erit\ aCCCssion1S amid scven AVRD(C improved breeding lines were field
plailed on Malch 8, April 9, .Mlay 9, .lune 15, .fll II , arid .\ugust 24, 1984. A randomized
complete lock (R(11) desigin was cilploycd vitI; four replicates of 20 plants/replicate. All 
plants 'vre iiaiil tairiCd as dotible stems with staking, but without pruning. Plants from each
rcplicale \%crc ra IriiilV selected and tagged 'Or physiological observations. 

http:prt)ccs.es
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Clu 'er 2 to 6 were used for investigating fruit set, fruit number, fruit weight, and seednumber. Flowers at anthesis of nontagged plants of each replicate were collected and examined 
for stigma exsertion and antheral cone splitting before separating anthers and pistils andmeasuring their heat injury at 50'C. In the meantime, the third expanded leaves from the 
top were also sampled and measured for specific leaf weight (SLW) and heat injury at 50'C.
Hcat injury was measured according to the method described earlier. 

Results 

The May planting w-is destroyed by a vii u,outbreak and is therefore not discussed here.
Mean maximum and minimum temperatures and total precipitations were high in plantings
of April, June, .uly, and August, and resulted in low fruit yield, less fruit number, small
fruit size, and less fruit set (Table 9). On the other hand, plantings in June and July resulted
in either high antheral cone splitting or high stigma exsertion. This supports previous findings
that both antheral cone splitting and stigma exsertion could be promoted by high temperature.

Therc was less heal injury to pistils from plants grown in hot months. This is probably
due to the grad naI adalptation of pistils tinder sublethal high temperature in April, June, July,
and August planlings. Ilcat injury to pistils was higher than those to anthers and leaves,
suggesting that pistils are very susceptible to high temperature. No consistent pattern of changes
in SIXV, anther and leaf injury was noticed during different months of planting.

During tile hot, \wet nmonths of .litine, July, and August, both CL.5915-153 and L3958
(Saladelte) consisteitly outyielded other entr ies (Table 10). All high-yielding AVRDC-breeding
lilnes had Ila iiihers of ncdi nm-sized fruits.rg,: 
 L3958 had few fruits; however, its fruit size 
%%ias, in general, intuch larger than those of all other entries including AVRDC's high-yielding
breeditlg lines ('lahles I0 and II).

It is interesti ng to note that aktge- fruited entries had also high SLW (Table 11). Significant
positive correlations of fruit size and SIW were found for all three plantings (r=0.539",0.533" and 0.632-" for . .lslJuly, and August plantings, respectively). High-yielding L3958had high valules of SI.\V ill these three plantings. Since S.W is defined as the ratio of leaf 
drv weight per unit leaf area, our results indicate tihe important source factor of net 
photosynlhesis for fruit size; possibly enhancing dry-matter accumulation ill the fruit. Our
previous \,ork on mtinghean indicated a strong correlation of SLW and net photosynthesis.Thus, it is possible to improve net photosynt hesis for larg,. fruit size in tomato through selection
of easily neasured S.\V. 

Table 9. Total rainfall (mm) and mean values ol temperature (OC),

fruit yields, yield components, and morphological and physiological parameters
 

of 27 field-grown tomatoes.
 
Parameter 
 Field Planting' 

March April June July Aug.
Mean max/min temp 27.3/18.5 28.4/21,0 31.7/25.5 31.2/24.3 31.6/23.1
Precip:tation 146 576 464 615 323Fruit yield (g/plant) 557a 280b 78c 48d 81c
Fruit no (g/plant) 22a 14b 5c 3d 5c
Fruit wt (g/fruit) 31a 21b 16c 14c 19b 
Seed no ly/fruit) 96a 64b 31d 26e
Fruit set 0-1,) 64a 46b 17c 

42c 
12d 19c

Antheral cone spit (iio) 8b 4c 8b I2a 3c
Stigma exsert (0o) 9b 5d 18a 18a 7cAnther injury (%) 33a 25b 26b 35a 22c

Pistil intury 1lo) 64a 40d 54h 51c 41d

SLW 
 3.34c 4.47a 3.35c 3.66b 3.30c
Leaf injury (0/6) 17a 13b 19a 14b

2 17a
 
Mt;im sepirahlion within rows by Duncan's Multiple Range Test, 5% level.
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At 50'C, researchers have reported leaf heat-tolerance of Saladette (L 3958). However, 
our results showed that leaf heat injury of Saladctte (L.3958) at 50'C was much higher than 
that of other entries (Table 12), indicating that its leaves are susceptible to high temperature.
The hgh-yielding, hea -tolerant C1,5915-153 also had a high level of leaf heat injury at 50'C. 
Two intermediate heat-tolerant entries, L3690 (in fruit set) and CL 1131-43 (in fruit yield),
had least leaf heat injury (Tablc 12). Our results suggest that leaf heat-tolerance may not 
be inecessarily reflected in 'ruit set and fruit yield, but that it may be imporlant to look at 
heat i'njury of reproductive organs, where fruit setting is taking place.

In ternis of fruit settinig during the hot, wet months of' June, 3uly, and August, 
CL5915-151, Cl1.I !31-65, and CL 1131-26 consistently had higher fruit set ra-es than other 
er, ies (Table 12). These ert ric also had the lowest antheral cone splittirg and stigmra exsertion 
(Tabi" '3). Although I 3o91) ( 1365914) tended to have high fruit set, its fruit size was one 
of the smallest which also resuh,.ed in low fruit yield. It is interesting to note that !.369(0 also 
had the highest ,tigiia exsertion rates inall three plantings. These results support our previous 
finding that frutl sen at high temlperature is not li,nited by a single factor, such as stigma 
exsertion. 

Pistils were generaliy more susceptible to heat injury at 500C than anthers (Table 14).
lHowever, no clear correlation of genotypic variation could be found between heat injury of 
pistils at 500'C and fruit sel or fruit yield. However, heat tolerant CL5915-153, CL1131-43, 
CLI 1131-26, and 1.3958 all had the least heat injury of anthers at 50'. These results support 
our previous findirIng that hCat-t(Cleraut 1tniat os had a low leakage of anther electrolytes, 
indicating a rather stable anther mebrane at high temperatures. 

Table 10. Fruit yield (g/planl) and fruit number (/plant) of tomatoes in hot, wet months. 

Entry' Fruit Yield1 
Fruit No.Y 

June July Aug. June July Aug. 
3 50d-f 18e-g 148b-d 1.2h-I 0.6e-f 2.7e-j
18 20f 56d-g 20f 1.2i- 3.3b-f O.7ij 
123 16f 4g 14f 07j-1 0.2f 0.9h-j
124 2f 3g 41f 0.11 0.2f O.8ij 
125 55d-f 20e-g 92d-f 3.8e-i 1.5d-f 4.4d-j
142 18f 3g 231 4.2d-i 0.8ef 5.0d-j 
229 98c-e 72c-g 69d- 7.0b-d 5.9bc 5.7d-g
232 44el 18e-g 89d-f 3.7e-j 1.7d-f 5.8d-g 
387 Of 4g 16f 01 0.2f O.5j 
476 8f 2g 3a 3.2f-k 0.8ef 1.2g-i
492 31 f 31d-g 58ef 4.2d-i 4.2b-f 7.2de 
1076 26f 5g 4f 6.5b-e 1.4d-f 0. 7i; 
1488 56d-f 18e-g 19f 8.2bc 2.9b-f 2.7e-j
1834 154bc 63d-g 80d-f 8.3bc 3.8b-f 5.2d-i 
2985 6f 5g 30f 0.31d 0.2f 1.1h-j
2991 19f 15g 56ef 2.91-1 1.7d-f 6.5d-i 
3690 18f 3g 24f 13.4a 2.8c-f 18.3a 
3957 102c-e 60d-g 52ef 8.4bc 5.5bc 4.6d-j 
3958 201 ab 135bc 184a-c 6.Ocf 3.1 b-f 4.8d-j
3982 171 26d-g 134c-e 1.4g-I 1.6d-f 5.3d-i
 
1131-26 225a 86c-e 133c-e 13.2a 6.5b 
 7 7cd 
1131-43 164b 90cd 149b-d 8.8bc 4.8b-d 7.7cd
 
1131-65 196abj 172ab 246a 9.2b 9.9a 
 12.5b
 
5915-93 166b 85c-f 220ab 
 4.3d-h 2.3c-f 5.5d-h 
5915-153 204ab 202a-c214a 9.5b 10.8a 11.4bc
 
5915-222 99c-e 16f-g 16f 4.5d-g 1.Od-f 0.8ij

5915-229 107cd 70c-g 65d-f 3.0f-I 3.0b-f 2.6f-j


'CL1131 1 .I. f ii CLfl .1:,.F f1131-43), (1131-65). CL5915-93D4 -1.0
i ; l1 I C1_1131-65 13-0.1 


(591593), CL,59 1 iD, CLCL_'IL 'D.-03
- 15l91) (5915-229), CL5915-229D,-1-3 (5915-229). 
Mean sepnrahrWl llh clurn,n ; [ DCafc3. Multple Range les!, 5% level. 

http:resuh,.ed
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Table 11. Fruit size (g/fruit) and specific leaf weight (SLW) of tomatoes ir,hot, wet months. 

Entry' Fruit Sizey 
Ery June July SAug. June _-Jul) Aug.

6 46a 24bc 54a 4 01a 5 08a 3 72a-d
18 18bc 12bc 29c-e 3 40a-o 3.82c-e 3.48b-f 
123 18b-d 

7
15bc 18d-h 3 50a-h 3 96cd 3.1Oe-f 

124 C-q 4c 45ab 3.50a-g 3 93cd 345b-I
125 14b-I 9bc 210-( 3 44a-k 3.94cd 3.66a-e 
142 4d-g 3c 5hi 3.27c-q 3 74c-f 2 76g
229 1,1D- l2bc !?1-1 3 42a-l 3 81c-f 3 48b-f
232 12b-g 9bc i6e.1 3 09d-w 4 19bc 3.39b-f 
387 Og 13bc 31 b-I 3.49a-i 3 77c-t 3,45b-g
476 2(g ic 21 2 77n-w 298gh 2.50i 
492 8c-g 8bc 9g-1 3 22c-t 3.48c-h 3.15d-h 
1076 4e-g 3c Si 3.17d-v 3 1Of-h 2 76g-i
1488 7c-g 6c 7g-i 2 781-w 3 12e-h 2 92-i 
1834 19bc 17bc 1 

5e-i 3 74a-d 3 56c-g 3.37b-t 
2925 9b-g 16bc 32b-d 3 82a-e 3 83c-e 3.78a-e 
2991 7c g 6c 9g-1 3 28c-p 3 lOf-h 3.07e-i 
3690 lfg 1c ii 2.50w 2 84h 2.77g.i
3957 12b-g 1Ibc 11t- 3.48a- I 3 80c-f 3 87ab 
3958 35a 62a 39bc 3.96ab 4 62ab 4.07a 
3982 13b-g 18bc 26c-t 3 27c-r 3 56c-g 3.58a-e
1131-26 17b e 10bc 17d-i 3.60a-e 3 54c-h 3.05e-i 
1131-43 19bc 14bc 20d-h 3 17c-u 3.13e-h 2.98f-i 
1131-65 21b 17bc 19d-h 3 11d-w 3 29d-h 2.72hi 
5915-93 410a 33b 4Mbc 3 24c-s 3 47c h 3.14d-h 
5915-153 22b 20bc 20(d-h 3 42a-m 3.97cd 3.30b-h 
5915-222 23h 16bc 19d-h 3 40a-n 3 52c-h 3.18c-h 
59 i5-229 37a 25bc 26cf 3 51a-f 3 54c-h 3.45b-f 

Table 12. Fruit set (0b) and leaf heat injury at 500C (Q/o) of tomatoes in hot, wet months. 

Entry" Fruit Sell -,---,----Leaf Heat lInuryy 
June _ July Aug _ June July Aug.

6 8m-s 4hi 13e-h 13e-o 13e-k 13f-i 
18 7n-s ,,j- 5gh 18c- 15c-h 13f-i
123 3q-s 2r 3gh 22D-d 14c-i 19c-f 
124 Os 0 3h 18d-I 15c-h ,8d-h
125 ,lh.o 7-i 18d-h 10o 11g-k 16d-i
142 14i-p 5g-i 25b-e 13e-o 12f-k 16d-i 
229 23f-h 16c-f 19d-h 26a-c 30a 28a 
232 1 l -q 69-i 25b-e 80 71-k 19c.g
387 Is iI 5g! 18d-n 15c-h 18d-h 
476 111-r 4hi 8f-n 18c-k 19b-d 25a-c 
492 211-) 22b-d 35bc 18d-m 1Ig-k 27ab 
1076 22-i 9-i 6gh 20b-f 12f-k 21 r 
1488 26d-g 12e-h 170h 1 On,o I g-k 22a-d 
1834 36bc 24c 27b-e 19b-h 18c-f 21b-e 
2985 Is 1 5gh 32a 19b-e 27a 
2991 9m-s 5g-i 23C-t 12h-o 8i-k 12g-i
3690 46a 12e-h 58a 1Om-o 6k Ili

3957 191-1 14d-g 17e-h 
 26ab 25ab 22a-d 
3958 21 f-k 20c-e 17d-h 20b-g 13d-j 13f.i 
3982 9m-s 9f1 19c-g 19b-i 9h-k 16d-i
1131-26 33cd 30ab 29b-e 80 1og-k 14e-i 
1131-43 27c-f 16c-I 28b-e 8o 9h-k Ili
1131-65 33c-e 39a 37b 8o tOg-k 17d-i
 
5915-93 17g-rn 10I 
 23b-I 20b-e 7jk 13f-i
 
5915-153 42ab 
 35a 33b-d 15d-o 20bc 14f-i 
5915-222 4o-s 8f.- 4gh 13e.o 16c-g 15d-i
 
5915-229 14hi-n 14d-g 7gh 13e-o 
 1.lc-j 1lhi 

For ocliole!; rmu- usee , 
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rable 13. Anthetal cone splitting (%)and stigma exsertion (0k) of tomatoes in hot, 
wet months. 

Antheral Cone-SplittingY Stigma ExsertionyEntryZ 
June July Aug. June July Aug. 

24b 29a-c 22a 16i-k 29de 1Ob-e 

18 4de 21b-e 4cd 28d-i 27de 3c-f 
123 15b-d 1Od-g Od 12j-I 7gh Of 
124 lOb-e 17b-g 3cd 48c 13f-h 1lbc 
125 7c-e 26b-d 2cd 40cd 23d-f 2d-f 
142 4de 7e-g ld 33d-g 25d-f 2c-f 
229 7c-e 12d-g 2cd 01 Oh 2d
232 11 b-e 6e-g 3cd 39c-f 43c 5c-f 
387 18bc 18b-t 9bc 40c-e 35cd 18b 
476 4de 1Od-g Od 3k-I Oh let 
492 3de 8e-g 1d 33d-h 29de 2d
1076 Oe 4fg Id 01 lh Of 
1488 2de 14c-g Od II Oh let 
1834 1de ig 0d 01 Oh Of 
2985 14b-e 30ab 4cd 24g-j 7gh lef 
2991 3de 3fg 4cd 11 Oh let 
3690 2de ig 3cd 100a 99a 90a 
3957 4de 14b-g Od 3k1 Oh Of 
3958 8c-e 1Oe-g 2cd 01 Oh 7c-f 
3982 43a 43a 13b 14i-I 66b 8c-f 
1131-26 3de 3fg Od ki Oh Of 
1131-43 Oe ig Od 01 lh Of 
1131-65 3de ig Od 4k1 2h Of 
5915-93 6c-e 1!d-g 3cd 65b 45c 11 b-d 
5915-153 3de 2fg 3cd 01 Oh 2d-f 
5915-222 4de 13d-g 1d 01 4h 2d-f 
5915-229 4de 15b-g 6cd 11 18e-g Of 

For foolnotes see Table 10 

Conclusion 

An inventory of 25 entries which had been previously identified as heat-tolerant tomatoes 
and two entries of heat-sensitive accessions was made to identify genetic variation in fruit 
set and fruit yield and theii associated morphological characters and physiological processes 
under hot, wet conditions. The variation for physiological characters could be further evaluated 
and exploited. 

An AVRI)C breeding line, (.5915-1531).1-3-3, is the most hetit-tolcrant entry. It had 
high fruit-set percenlace and [te least stignia cxsertion, antheral cone splitting, and anther 
heat injury at 500C. Fruit yield of accession, 1.3958 (SNladette), was comparable to that of 
CL5915-1531)4-3-3, hut fruit set percentage and fruit number were gene:ally lower. Its fruit 
size, however, was generallI large. 1.3958 also had high SI.W, which may act as an important 

source factor for drv-niat ter accu mulat ion in the fruit. Other AVRDC breeding lines, 

CLII 31-F-26-1-O, ('1.1131-65-13-0-I, and (1.5915-931)4-1-0, also had good fruit yield. 
CLI 131--F-26- 1-0 and ('.I131-65-13-0- I appeared to have high fruit set percentage and fruit 
number. 



97 Tomato Physiology 

Table 14. Heat injury at 500C (%) of anthers and pistils of tomatoes in hot, 
wet months. 

Entry' Anther Heat InjuryY Pistil Heat InjuryY
 
June July Aug. June July Aug.
 

6 35b-d 45b 36a 52e-m 42hi 38d-g

18 25f-n 32g-j 37a 
 41 r-z 50e-h 48b-d
 
123 23k-r 30h-j 28bc 54b-h 58d-t 55b
 
124 221-s 28i-k 20!-h 33a 27j 22h
 
125 15s 26j-m 18g-i 49h-u 41hi 42c-g

142 23k-q 37d-k 19-i 50f-q 58d-f 48b-e
 
229 36bc 40b-e 29b 42h-v 42hi 36fg

232 25f-o 32g-j 20f-h 53d-i 57d-g 36g

387 35b-e 29i-k 27b-d 46h-w 34ij 37e-g

476 31c-j 38c-g 22d-h 53d-j 70a-c 55b 
492 21 m-s 41 b-d 28bc 60b-e 67b-d 65a
 
1076 
 42a 60a 40a 52f-o 80a 48b-d
 
1488 31c-g 43b-d 
 29b 73a 59c-e 47b-f
 
1834 40ab 44bc 23c-g 58b-g 54e-h 38d-g

2985 31c-i 34e-i 25b-e 53e-I 43hi 36g

2991 28f-k 26-I 17h-i 49h-t 53e-h 36f-g

3690 19n-s 28i-I 17h-i 61b-d 74ab 55b
 
3957 31 c-h 37c-g 1ljk 45j-y 45g-i 35g

3958 211-s 19m 18g-i 53d-k 46-i 33g
 
3982 31c-f 39b-f 21e-h 49h-r 44g-i 36g

1131-26 180-s 14ij28-I 58b-i 51e-h 50bc
 
1131-43 23k-p 
 22k-m 1ljk 52e-n 44hi 36g

1131-65 221-s 33-i 26b-e 
 62bc 47e-h 41c-g

5915-93 28b-1 31 g-j 24b-f 45i-x 
 45g-i 36g

5915-153 19m-s 22k-m 
 9k 62b 51e-h 42c-g

5915-222 20m-s 21 ml 191-i 52f-p 50e-h 43c-g

5915-229 25f-m 26i-I 17hi 49h-s 41 hi 35g 

For footrotes see Vable 10 

Alternation of Endogenous

Plant Hormones of the Tomato Fruit-Setting Process
 

During Hot and Cool Seasons
 

Introduction 

High temperature reduces or limits tomato production in the tropics by inhibiting fruit 
set. Exogenous applications of auxins and gibbere!lins are known to overcome this effect. 
High temlpcratures are also known to reduce auxin and gibbercllin contents in tomato flower
buds and auxin content in developing fruit, .and to increase abscisic acid in tomato shoots. 
Little is known, however, about hormonal levels during the initiation of fruit set of both 
parthenocarpic and nonparthenocarpic heat-toleran and heat-sensitive tomatoes. In this report 
a comparison is made of auxin, gibberellin, and abscisic acid levels in the reproductive organs
before, at, and after anthesis of parthenocarpic, and nonparthenocarpic heat-tolerant and heat
sensitive tomatoes grown under favorable and unfavorable conditions. 
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Materials and Methods 

CLI 131-0-0-43-8-1 (CL 1131), TK70, Severianin, and (SxP)-0-4 were sown on May 11and field-planted o June 13. A 	 randomized complete block (RCB) design with threereplications was employed. Flower buds and/or open flowers two days before anthesis (DBA),at anthesis (0 DIBA), and three and six days after anthesis (DAA) were sampled in July 18to 31. Mean maxmun and minimum temperatures froni field planting to sampling were 33.0'and 24.7°C, respectively. In a similar experiment for cool season, PTl013, CI 1131-0-0-43,and 1K70 were sown on September 20 and field-planted on October 17. Reproductive organsat different stages a; in the previous investigation were sampled in December 1 to !1.Meanmaximum and minimum temperatures from field planting to sampling were 27.90 and 18.1 'C,
respectively.

The nu iber of reproduct ive oreans from di fierent stages were counted, and their calyxesand anthers were removed to leave only the pistils which wet e weighted and extracted twicewv'tli cold methanol in a cold room. Methanol was removed in vacuo at 35'C and the remainingaqueous was adjun.sted to p1 l 8.0 by adding 0.5 NI phosphate buffer. 'lbhis was then purifiedwith PVP and washed three times wit h phosphate butTer. Tlhe pl-I of tie aqueous solutionwas adjusted 	 to p11 2.5 with 6 N lICI, and tire solntio, paLrtitioned three times with equal
allonnt of, ehvi acetlate. 

This acidic traction wa. puritied agZain with I.C with silical gel and solvent system ofchloroform: ethyl acetate: 	 acetic acid (60:4(0:5). Irhis was later 	eluted with methanol: ethylacetate (1:1) nrix Lure, and evap:orated to dryness. Qrantifi,:ations of' indole-3-acctic acid (IAA),gihberclic acid (GAj), and abscisic acid 	 (ABA) were conducted by 	the W-aters AssociateHPI-C Model 	440 absorhancc detector with a Waters jiincro-lBandapalk CI8 column. Mobilephase was methanol:1t():acetic acid (45:55:1.2); tlie flow rate was 1.2 nil/init.; anddetection w\-as 	 conducted at 254 un. 

Results 

It the summer crop, tire ovary growth of all entries increased up to anthesis. The ovarygrowth of' CLI 113 1-0-0-43 and IK70 \wis arrested al'ter ant hesis, but that of part henocarpicSeverrarin arid SxlP-0-4 kept going rapidly oletwceti 3 and 6 I)AA (Table 15). This irend resultedin better fruit settitig irl Severianin and SxP-0-4.
Il contrast, tire ovary Vtrowrlh or tile three cultivars in tire tall ste'ldi!' increased2 1)BA, and restiithcd itt good fruit set. 'Iltcre 'as t rapid ovary growth of 

from 
CI 1131-0-0-43at 3 arnd 6 lJAA of' tire fall crop. The faster ovary gtowth rate of' Sevcrianiii and SxP-0-4itl tie summer may h tt rbrihtCd to hrih suttmitrer tel-iperatures.

E:xcept for .Sx P-0-4 itt tle suainrer crop, holh Iflower buds and small, developing ovarieshad higher levels of IAA concentration at 3 I)AA than ai 0 DIBA, which decreased with 

Table 15. Ovary growth, 	fruit set, and seed number of tomatoes grown 
in summer arid fali. 

Planting Entry - Ovary Growth jrng fresh wt/ovary)2 DBA 0 DBA 	 Fruit Seed No./3 DAA 6 DAA Set' 0b FruitSummer Planting 	 ------

Severianin 14.4 8.6 16.9 189.0 4.6aSxP-0-4 32 6.8 10.6 188.0 4.1b 
0 
0CL1131 1 8 4.1 5.0 6.2 1.3b -.
TK70 3.5 7.9 9.3 9.1 0
 

Fall Planting

PT1013 12.0 14.0 19.0 26.0 64.Ob 39.5c0L1131 3.3 4.5 6.3 35.0 92.8a 94.7bTK70 6.4 8.7 10.0 18.0 63.4b 122.5aZMean se.,mufaiton wvithlin columns, by D ria'S Uultiple Range Test, 511Alevel. 
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increasing age at 6 DAA (Tablc 16). IAA concentration also tended to decrease from 2 DBA 
to 0 DBA. This trend was more pronounced in the summer than in the fall crop. The apparent
increase in total IAA per ovary did not occur until 3 DAA. At 6 l)AA, Severianin and S x 1P-0-4 
with good fruit-setting had high total lAA. In general, IAA concentrations and total IAA 
per ovary were higher in the ftll than in the surnmer. The difference in total IAA contents 
between the sunmer and tall tomato was tour-or five-told at their peaks. 

The GA3 concentration and the total G,,\A per ovarv in all entries were generally higher
in the fall than in the suininier (Table 17). The (;A concentrations peaked at 3 DAA in 
sunner but rapidly decreased at 6 1)AA. A great drop in GA3 concentration fron 2 I)BA
to 0 I)BA was tould illIt no-fruit-setting entries (TK70 and CL 1131-0-0-43). There was 
little or no drop in Severianin and S x P-0-4. In tile fall tomato, a little or no drop of GA1
concentration was noticed at 0 l)BA. The results suggest that GA1 may hold the key to the 
control of fruit set at high tenleprature.

At 0 I)BA in the stunlncr crop, both Severianin and S x P-0-4 had high total GA 3 
content per ovary which rapidly incrCased t lhirough 3 l)AA to 6 )AA. TK70 increased at 0
DAA but decreased t]lerea fter. In lhefall, there waZIs a gradual increase of total GA1 per 
ovary trom 2 I)BA to 6 l)AA withbout any clear reduction. The increase of total GA3 per 
ovary in fall over smniier tomiato was aboutl 3-to 54-told at their peaks. 

Table 16. Changes in extractable IAA (pg/g fresh wt or ng/ovary) 
in the developing tomato ovary. 

Stage Severianin S xP-0-4 CL1 131 TK70
 
fr. wt ovary r, Wt ovary fr.wt ovary fr. wt ovary 

Summer Planting
 
2 DBA 0.41 1.7 
 0.16 05 0.26 0.5 0.16 0.5 
0 DBA 0.03 0.25 1.04 0.2 0.06 0.2 0.07 0.5 
3 DAA 0.23 3.0 0.01 0.1 0.22 1.2 2.19 19.1 
6 DAA 0.07 130.6 0.08 66.8 0.05 7.2 0.28 1.6 

PT1013 CL1131 TK70 
fr.wI ovary tr. -_Wt ovary fr. wt ovary 

Fall Planting 
2 DtA 0.58 6.8 0.84 2.8 0.42 2.7 
0 DBA 0.26 35 0.39 1.8 0.20 1.8 
3 DAA 0.36 70 0.37 4.3 0.31 3.2 
6 DAA 0.39 9.9 0.19 6.5 0.77 13.6 

Table 17. Changes of extractable GA3 (,.g/g fresh wt or ng/ovary) 
in the developing tomato ovary. 

Severianin S x P-0-4 CLi 131 TK70Stage ..... ..........

fr.wt ovary fr.wt ovary fr.wl ovary fr.wt ovary 

Summer Planting
 
2 DBA 0.89 38 0.43 1.4 
 0.90 1.6 1.35 4.7 
0 DBA 0.74 6.4 0,63 4.0 0.24 1.0 0.26 2.0 
3 DAA 3.81 52.5 1.19 30.6 1.34 7.0 4.24 37.6 
6 DAA 0.06 111.7 0.29 256.0 0.46 70.0 0.69 6.2 

PT1013 CLI131 
 TK70
 
fr.wt ovary fr.Wt ovary Ir.wt ovary 

Fall Planting 
2 DBA 8.9 103.3 13 7 44.3 9.4 59.8 
0 DBA 12.1 165.0 13.6 61.4 7.2 62.5 
3 DAA 105 202.0 19.5 123.3 11.7 122.2 
6 DAA 12.3 318.0 16.1 506.8 18.5 323.6 
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In all entries, the extractable ABA's were markedly higher in summer than in fall (Table
18). ABA concentration decreased from 2 DBA to 0 D1BA for both plantings. However, it 
increased rapidly for CL 1131-0-0-43 and TK70 in summer after 0 DBA. 

Although in full it increased ABA in PTIO13 and TK70 after anthesis, this increase was 
not as great as in the summer tomato. In general, total ABA per ovary increased after anthesis 
for stuimmer and fall tomato, but at a much lower rate in fall with a difference of 17-to 95-fold 
at their peaks. 

Conclusion 

The results support the assumption that temperature plays an important role in
controlling levels of endogentious plant hormones in tomato. Whether fruit set is the result
of these changes or whether they are merely a consequence of arrested ovary growth can not
be answered conclusively in this study. An obvious relationshi,) between fruit set or early ovary
growth and the changes in hormone levels in the tonato ovary under favorable and unfavorable 
environmental conditions is also indicated. 

The results clearly show fiat high levels of extractable IAA and GAI and low levels
of extractable A13A are usually asocialcd witl pistils of plants grown under favorable 
conditions for fruit-setting. It call also he in ferred ihat IAA and GA 3 play air imporipnt role 
at anthesis. Both hormones may operate by pievciiting the abscission of the developing ovaries 
promoted by a high ,,ABA concentration and by stitntii lat i g vascular development.

It is suggcested thatI a hreshold concentration of Cdoge -"Ls IAA is necessary for 
part henocarpic fruit developuient and that the level of GAI may ld the key to controlling 
fruit set at high telpcrat 1rc. 

Table 18. Changes of extractable ABA (/ig/g fresh wt or ng/ovary) 
in the developing tomato ovary. 

Stage Sen .x S P-0-4 CL1 131 TK70 
tr. wt ovary Ir. wt ovary fr. Wt fr. wtovary ovary 

Summer Planting
 
2 DBA 4.76 204 3.92 12.9 6.6
3.74 2.21 7.8 
0 DBA 0.61 5.3 0.67 4.3 0.47 1.9 0.12 1.0 
3 DAA 2.41 32.4 0 0 1.31 7.1 9.75 87.4 
6 DAA 0.88 1627.2 2.47 2205.7 7.05 1067.7 1.18 10.7 

PT1013 CL1131 TK70 
fr. wt ovary fr. wt ovary fr. wt ovary 

Fall Planting
2 DBA 0.71 8.4 0.55 1.8 0.56 3.6 
0 DBA 0.35 4.8 0.37 1.7 0.32 2.8 
3 DAA 0.53 10.12 0.37 2.3 0.49 5.1
6 DAA 0.32 8.2 0.32 11.2 0.38 6.8 

Effect of Pollination on Fruit Set of Parthenocarpic 

and Seeded Tomatoes in Summer 

Introduction 

Partlhcnocarpic tomatoes usually set seedless fruits under adverse hot environmental 
conditions, but form normal, seeded f'i mts under favorable cool environmental conditions.
Why tile several physiological processes of' pollination and fertilization are bypassed under
adverse hot environmental conditions is not clear. The often used explanation is that the
reproductive organs of parlhenocarpic tomatoes maintain high levels of endogenous plant 
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hormones, such as auxins and gibberellins. However, the role of plant hormones in parthenocarpic fruit formation is still uncertain. The present L-,periment investigated the effect ofpollination on the fruit set of parthenocarpic and seeded tomatoes under high temperature
conditions. 

Materials and Methods 
CL1561-6-0-5-1-3 was field-plantei- on March 1, 1984. Pollens of this entry wascontinuously collected from April 18, stored in a -150 C freezer, and used as a pollen sourcefor later pollination studies. On the other set of planting, seedlings of CLI131-0-0-43-8-1,BL6807 (L3957), TK70 (1-124), PT1416 (Ventura x CLI 131-38), and Severianin were fieldplanted on May 15, 1984. A randomized complete block (RCB) design with four replications 

was employed in the field.
 
Flower buds were tagged 
one day before anthesis for 1) emasculation without artificialpollination, 2) emasculation with artificial pollination of pollens from CL1561-6-0-5-1-3, and3) natural pollination without emasculation or artificial pollination. For each treatment, 20flower buds per treatment were randomly selected and tagged from 36 plants of each replicate.Artificial pollinations were conducted on June 14 and 22, 1984. Four hours after pollination,two flowers of each replicate were sampled and observed Linder a fluorescent microscope forpollens stuck on the stigma. Visual ratings of 1 (no pollen), 2 (some pollens), and 3 (manypollens) were used. Fruit set rate and other morphological characteristics were observed onJuly 13 and 19. Mean maximum and minimum temperature (C) from field planting tosampling were 31.0 (22.8 to 34.2) and 23.8 (20.0 to 26.0), respectively. 

Results 

Fruit set percentage after emasculation with or without artificial pollination on June14 or natural pollination is shown in Table 19. CL 1131-0-0-43, 13L6807, and Severianin showedhigher fruit set percentage than other two entries under natural pollination conditions.Emasculation without artificial pollination reduced the fruit set of CLI 131-0-0-43 and BL6807,
and Severianin. The results implied that both CL 1131-0-0-43 and BL6807 were able to produce
viable pollens under high temperature condition, 
 and to pollinate and set fruits by themselves.Oi the other hand, emasculation with artificial pollination substantially improved the fruitset of CLI1131-0-0-43 and BL6807. It also improved that of PT1416 and TK70, but notCLI 131-0-0-43 and 13L6807. It was not effective, however, on Severianin under high
temperature conditions. 

Artificial pollination with viable pollens circumvented the barrier of stigma exsertionand antheral cone splitting which prevented chances of pollination. Since the improved fruitset of PT1416 and TK70 by artificial pollination did not reach the level of CLI131-0-0-43and 13L6807, it suggested that ovules and/or pistils of PT1416 and TK70 might be partially
damaged by high temperature. 

Table 19. Floral characteristics and fruit set of tomatoes 
with or without emasculation and pollination. 

Stigma Antheral Fruit Set(%)Z
Entry Exsertion' Cone Split' nat. emasc. emasc. 

(%) (%) pollin. without with 
pollin. pollin.CL1 131 3.3c 3.4b b14.8ab co a39.3aPT1416 40.Ob 86.6a b3.9bc b4.0 a22.4bBC6807 3.3c 14. lb b18.7a c4.2 a52.9aSeverianin 0.3c A.6b 14.8ab 7.2 4.9cTK70 73.3a 2.Ob bO.6c bO a18.3bc
 

'Letters to the right: mean separation within columns by Duncan's Multiple Range Test, 5% level;
letters to the left: mean separation within rows 
of fruit set by DMRT, 5% level. 
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On the other hand, antheral cone splitting and stigma exsertion were low in 13L6807 
and CLI 131-0-0-43; therefore, their improvement on fruit set by artificial pollination may
be purely due to availability of more viable pollens. There were many pollens on the stigma
after artificial pollination (Table 20). The noneffective artificial pollination in Severianin, 
however, suggested that its ovaries might have started to grow before pollination.

Within entries, fruit sizes among treatments did not differ. No seeds were found in fruits 
promoted by emasculation without pollination. However, seed number was substantially
increased by emasculation with pollination on PTI416 but did not alter between natural 
pollination and emasculation with pollination on the rest of tie entries (Table 20). Artificial 
pollination did not increase seed number on Severianin. 

Conclusion 

Although high teniperature damaged the reproductive processes of tomato, pollination
with viable pollens partially overcame this problem for heat-tolerant varieties. Severianin 
possessed certain levels of heat tolerance with parthenocarpic fruit formation. Pollination with 
viable pollens did not bring about enhancement of fruit set and seed formation in Severianln. 
The results suggest that ovules and/or pistils of Severianin may be damaged by high 
temperature; or that tire spontaneous fruit set ability under high templperature may be so 
overriding that pollination with viable pollens is not effective. These aspects require further 
investigation. 

Table 20. Seed number per fruit and pollen rating on the stigma of tomatoes 

with or without emasculation and pollination'. 

Natural Emasculation without Emasculation 
E ntry.. . . PollinationY. . . . . . Pollinationy with PollinationY 

Pollen Seed No. Pollen Seed No. Pollen Seed No. 
CL1131 2.0 20.4a 1.0 - 1.8b 16.Oa 
PT1416 b1.2 bOd bl.O bO a2.2ab a15.la 
BL6807 b 1.5 a8.8c bl.0 bO a2,8a al 1.3a 
Severianin ab1.3 Od b1.0 0 a1.8b 3.8b 
TK70 b1.5 15.Ob bi.0 - a2.5ab 13.5a 

'Pollen rating; ranged rom 1 ino palin,OW 2 orie pollns), and i (many polle1st). YLetters to the 
right: wean il coluIrnns iMUlipleRanejr! Test, 5 .e level, to the left: meaniephraha by DJncan's 

separation wilhin rowsl of ).ollh, raling on the stigma, or seed number by DMRT, 50' level.
 

Heat Tolerance of Parthenocarpic and Seeded Tomatoes 
in Hot Greenhouse Conditions 

Introduction 

Seeded fruit set involves viable ganiete production, and successful pollination and 
fertilization. High temperature reduces fruit set because parts or all of these processes are 
damaged. On tie other hand, parthenocarpy circumvents these processes to set fruits. Since 
envi roiinien t-depcndent genetic parthenocarpy exists in tomato, tile improvement for heat 
tolerance in tomato could be expedtcd substantially it parthenocarpy can be incorporated
into seeded tomatoes. The present study investigated tle level of heat tolerance in parthe
nocarpic tomatoes as compared with non-parthenocarpic heat-tolerant and heat-sensitive 
tomatoes. 

Materials and Methods 

FifIten cntries of part hicnocarpic, and nonpart lenocarpic heat-tolerant and heat-sensitive 
tomatoes were sown and transplanted to 17-cm I1) clay pots on June 26, and July 17, 1984, 
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respectively (Table 21). A randomized complete block (RC13) design with foir replications
was employed; each replicate had eilht pots with one plant per pot. Plants were staked, pruned
and maintained is double stelms with live clusters of flowers. They were grown in than the
greenhouse \\ith lneiil InXiIurn aind minimum eiliperatures (°C) of 34.9+2.1 (33.3-38.5)
and 24.3 f-2.0 (22.0-20.6), respecti\ely. Four clusters, second to the lifth, were observed forstigma exserion, antheral cone splitting, frnit set, fruit number, fruit size, and seed number 
per fruit. At the !'inal invetipation, four plaits fron each replicate were cut at the soil surface 
level and deterliilicd fr dry 'C iu,it 

Results 

CI-5915-161).i-713\V-4, ('1.5915-1531)4-3-3-0, and C1+5915-206D 4-2-5 produced higheryields tmian the rest of tile entries (Table 21). This is inainly due to the large number of
internediatc-sized 'ruilts produced by these entries. Fruit yield of parthenocarpic tomato was
generally low. Both 1lH1441 anid Pl 1461 had the highest iverage fruit sizes, which compensated
For low fruit set. 

It has bcel ,Iggestled Ihat fruil size depends upon seed inimnber. However, our results
indicate this mlay not be so under high temiperature conditions because there was no clear
relationship between seed numibcr aind fruit size. Although hieLi yiclding C1,5915-1531) 4-3-3-0,(L11131-0-0-43-8-1, and ('l.5915-161).1-711W-5 produced high sloot dry weight, no clear
correlation bct\ween fruilt yield and shoot dry wCight was found. Iis suggests that the key
facto s de'Crnini fruit yield al hig,h temperatures hiniec on reproductive growlh rather than 
on dry-nit iltier prodictiion or coiipetition bet wilen reproduetive and vegetative growlh.

A.,oi seeded loiiilooe, (1.5915-1531)-,-3-3-0 showed tle highest fruit set percentage,
and 1,124 and 1.387, tile lo\cst. Among parthenocarpic tornatocs, PT1417 and PT1461 hadcolmparablc fruil set with sccd, inierinediiate-seeded heait-lolerant entries, but a nigher fruitset than licat,-sensit ie 1,124 and 1.387. Both seeded (A.5915-1531)1-3-3-0 and CL1131
0-0-43-8-1 had le lowest rates oIf stiiai xsertion; whereas heat-sensitive L127, L387, and
('15915-391)1-1-5 had hitiest rates. There was a negative correlation between stigma exsertion 
and flruit set (r=-0.538"'). 

Table 21. Fruit and plant characteristics of 15 parthenocarpic and seeded tomatoes 
grown at high temperatures.! 

Entes 0 Fruit Set Fruit Wi Fruit Size Seed No. Stigma Shoot 
(%/a) (g/plant) (g/fruit) /fruit Exserl. Dry Wt 

(0/0) (g/plant)L124 3f 11 e 10c 7c 95a 19b-d
L387 3t 12e 18cb 20b 96a 20b-d
Severianin 6f 29de 30b 1d 8f 25ab
PT1417 18c 62c-e 17bc 
 Od 4lcd 19b-d

PT1441 7el 59c-e 53a Od 53bc 21 a-d 
PT1453 6ef 26e 20bc 4cd 32dc 23a-c
PT1461 12de 83b-d 61a 2cd 53bc 19b-d
PT1541 3f 12e 16a 
 5cd 16ef 19b-d43-8-1 28b 92a-c 15bc 19b 4f 28a 
16D.,-7BW.4 32b 136ab 22bc 6cb 31de 16cd
16D4 -7BW-5 19c 98a-c 21bc 6cd 24e 23a-c
39D4-1-4 14cd 84bc 27bc 20b 64b 20b-d

39D 4-1-5 8ef 49c-e 23bc 
 25a 86a 19b-d
153D4 -3-3.0 42a 143a 17bc 16b 2f 23a-c
206D4-2-5 18c 139a 24bc 9c 42cd 14d

'Mean sepaiation within colurnni by Durean's Multiple Range Test, 5% level. YCL1 131-0-0-(43-8.1), 
CL5915-(16D.1•7BW-4 ), CLS915 ( 16D.1-7RW 5)., CL5915-(39D . 1-4), CL591 5-(39D4-2-5), CL5915-(153D4-3-3 0),.CL591 S,.(206D,2-5) 
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In general, fruit set decreased with the increasing order of cluster position, regardless
of whether the entries were seeded or parthenocarpic (Table 22). Conversely, stigma exsertion 
increased with the increasing order of cluster position, except CL5915-16D 4-7BW-4 which 
had a high fruit set at a high order of cluster position, even when its stigma was highly exsertile. 
High fruit-setting CL5915-i53D 4-3-3-0 and CLI 131-0-0-43-8-1 had no antheral cone splitting,
whereas many of the intermediate heat-tolerant CL lines and heat-sensitive L124 had low 
antheral cone splitting. Parthenocarpic tomatoes tended to have a high antheral cone-splitting 
rate. 

Conclusion 

In general, fruit yield and fruit set of parthenocarpic tomatoes were less than the seeded, 
heat-tolerant tomatoes. However, parthenocarpic PT 1461 showed comparable fruit set and 
yield with those of seeded, intermediate heat-tolerant tomatoes. This finding suggests that 
it possesses natural heat-tolerance to some extent. Fruit sizes of parthenocarpic PT1441, 
PT1461, and Severianin were generally larger than those of other entries, which partially
compensated for their low fruit set. This study confirms the findings that the improved and 
seeded, heat-tolerant tomatoes of AVRI)C have higher yield and fruit-set rates than parthe
nocarpic tomatoes at high temperatures. 

Table 22. Fruit set (%), stigma exsertion (%), and fruit weight (g/cluster) 
of 15 parthenocarpic and seeded tomatoes as affected by cluster position. 

Entry' .... Fruit_Sety Stigma ExsertionY Fruit W Y 5 
2nd 3rd 4th 5th 2nd 3rd 4th 5th 2nd 3rd 4th 5th 

PT1461 8 13 12 15 26b 69a 52ab 67a 16 23 18 26 
43-8-1 50a 27b 20b 16b 0 8 0 7 33 23 20 1 
16D 4-7BW-4 41a 15c 30b 44a 12b 10b 53a 48a 30b 12c 31b 62a 
153-3-3-0 57a 43b 40b 30c 2 0 7 0 46 35 32 30 
206D-2-5 20 21 12 21 30 33 48 56 31 32 29 47 
X of 15 
entries 19a 13b 13b 14b 32b 42ab 48a 50a 19 14 15 20 

'See Table 21 for entries evaluated. Mean ueparahon within rows of same characters by Duncan's 
Multiple Range Test. 5% level 

Inheritance in Parthenocarpic and Seeded Tomatoes 

under Hot Greenhouse Conditions 

Introductin 

The expressian of parthenocarpy usually occurs under high temperature conditions, and 
it has been found to be simply inherited. It would be interesting to know if this environment
dependent parthenocarpy can be combined with seeded, heat-tolerant tomato to furthe, 
improve the level of heat tolerance in tomato. This experiment investigated the inheritance 
of heat-tolerant traits in parthenocarpic and seeded tomatoes under hot greenhouse conditions. 
Three parental lines which are environment-dependent genetic parthenocarpic, seeded heat
tolerant, and seeded heat-sensitive were investigated for l'fruit yield and its components, and 
morphological traits associated with fruit setting. 

Materials and Methods 

The nine tomato families are as follows: 
I. 	 PT1453 [Ventura-l-0 (B)-I] as P1 : facultative parthenocarpy controlled by a 

single recessive gene. 
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2. PT1504 (CLI131-0-0-38-4-0-1A) as P2: seeded heat-tolerant breeding line.
3. PT1064 (UC 82B) as P1 : seeded heat-sensitive line. 
4. PT913 (Ventura x CLI 131) as F-1 (PI x P2).
5. PT996 (Ventura x UC8213) as FI, (PI x P3).
6. PT1359 [(Ventura x CL1131)-01 as F2 [(P, x P)-01.
7. PTOO05 [(Ventura x UC82B)-0] as F, [(PI x 11+01, 
8. PTI419 [Ventura x (Ventura x CLI 131)] as EC-Pl.
9. FFI1421 [ClI 131 x(VenturaxCl 1131)] as BC-P.,.


Seedlitis were transplanted to clay pots 
on June .25, 1e.,4 and the pots were placedin the greenhou.,e. There wcrc I0 plants each !'or parieal line and F,, and 40 plants eachfor other families. Plants were investigated at 57 days al[k ) transplanting. Each plant of .hesefamilies was investigatcd f0o fruit yield, fruit size, fruit number, seed number, antheral conesplitting, anti stigna exsertion during or at the end of the 57-day growing period. Duringthis period, tile mean unaximun and minimum temperatures (fC) were 36.9 (25.2 to 40.2)
and 26.6 (23.7 to 29.0), respectively. 

Results 

Eight ott of nine )t (Ventura), three out of 10 P, (CL 1131), and five out of eightt), (UC8213) plants were seedless. Although P3 (UC82B) was classified as a seeded, heatsensitive tomato, it was as completely seedless ttnder extremely high temperatures (Table 23).The chi-test for the segregatio:, of seeded and seedless plants in F2(Pt x P,-0), F,(P, x PI-0),BC-P and HC-I , did2 not agree with the single-gene hypothesis. Therefore, it appeared thatmany genes controlled parthenocarpy and that these genes were recessive, since the F,BC-PI and 8( -P, populations had only few plants 
and 

v'hich were seedless.
Aniong the three parental lines, 1), (CIA 131) had the highest fruit yield, fruit set, andfruit nuiher-which tmade it the most heat-tolerant. P2 (CL 1131) and had comparable stigmaexsertion rate but significantly lower antheral cone-splitting rate than P, (Ventura).P3 (UC,213) had low rates of stigma exsertion and antheral cone splitting. Among progenyfamilies, 13C-P, [CLI 1131 x (Ventunra x CLI1131)] had the highest fruit yield, with high fruit setand fruit titnuher percentages, but low antheral cone splitting and stigma exsertion. All ofBC.P2 plants were seeded. Therefore, these resilts suggest that the heat tolerance level ofpart hcnocarpic totniat does not reach that of seeded totiatoes.

To clarify the relationship between seed f'rmation and fruit yield or its yield components,plants were classified into four types of plants with fruits containing: I) more than 10 matureseeds, 2) less than 10 mature seeds, 3) itiiature seeds only, and 4) no seeds. Seedless plantshad comparable fruit set and fruit number percentages with those of plants with mature orimmature seeds of the same family (Table 24). 

Table 23. Average fruit set (%), fruit number (/plant), yield (g/plant),
stigma exsertion (%), antheral cone splitting (t) and plant number with seeded 

or seedless fruits in various tomato families. 

Generation Fruit Fruit Fruit Stigma Cone Plant no.Yield' Set' No.' Exsert' Split, seed no seed 
P, 46de 25cd 4.3de 41a 24a

P2 127b 50a 10.8a 44a 2b 

1 8
 

P3 15e 18d 2.9e 13b 3b 
7 3
 
0 5


FI(Pj x P2) 128b 34bc 7.8bc 9b 4b 9 0FI(P 1 )"P3) 71cd 29cd 5.8b-d 18b 4 6 3
F2(PI x P2-0) 67cd 24cd 5.4b-d 15b lb 19 11F2 (P 1 x P 3-0) 56de 19cd 4.3de 19b 20a 14 17BC-P, 105bc 22cd 5 2c-e 14b 9b 31 2BC-P 2 187a 44ab 10.2b 8b Ob 38 0 

'Mean separation wIthin columns by Duncan's Multple Range Test, 5% level. 
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10%oever, seedless rlants clearly had a snualler fruit si/c Ihait Ilose ConltL(inifle mature 
seeds ot' the same family (Tabh 25). lhi, I stiltcd in les \ icld for most of the scedless platts
thalin ihose witil llaturc sceds. IlI te sale kIlliv. plaliltS \ i i o-e Ilttine sceds tended to 
have larier fruit than tltho - \%oi! Ics sceds or \ i IiIttlliatUe s CdS ,iilS'. Ilowever, because 
they had rttore frhnl, plants %011i only imlillatire. cds in 1-, (1)i x IJ-i)) and IlC-lPi had Iigher
yields than tlhose ..\ i nialurc ,,ds. \Vltihror not iminaturc sCCCI enhtantce 'u yield rnmins 
to be inscsta!cd funihcr. ()ur resnll. clealky indicale tlhe iiporlanciO of seeds whelCer iature 
or tlltmaturc, i' coiltrollll! f'ruit siue. 

Aihoutl !,otlt PI (Veinra) and 1), (('1-1131) had hith stiina cxserlio percenliage,
their distributiott ainoile tIte oil plat types wcrc (lUilic diifcr i (Fable 26). PI (VCttlra)
plaiws with Iiiialuc sceds had ldeher 'tLeiia s rt ott peIccttia'c that sCeClCs plants. 1),
(CI. 1131) plant shitt both inaturc and niniat teseeds had high. s'ligna exsertion percentage. 
flovever, their i itta exwe rition perc.llaitc vNA, (s ler il F. (1I1': P"I alid BC-P, ttall in their 
pareits. It scclm to inidicate that lor" tlail ote factor coittiolo stiLma exsertioll. 

Slielt aitlhi itl cotC-sllliilui crceilaee \Ls associated 5itll plants htavint seedless or 
iimaltuic sced". lIh cttrol!ite atithcral cone splitin scl. d to be recessive, 

Cor~clusion 

Regardi il heat tolerance itt terms of f-uil \iwd, plants svilh nature or intMatlurte seeds 
vere clearly ninich bellr t llai partheiocarpic plants. Al0houth tlhere was some level of' heat 

tolerance inl fruit smiig of partithnocarliC toiMioeS, its yield could not matlch those of"seeded 
platils. SCeded pl1it1, ssith nMatture or itniituIire seeds had la,,er fruits than those with seedless 
lruit ;. 

Table 24. Average fruit set and fruit number of lour plant types ot 
various tomato families. 

Fruit Set (q0o) Fruit No. (no./plant)
 
Generation ripe seeds unripe sued- ripe seeds unripe 
 seed

10 t0 seeds less 10 10 seeds less 
P1 - 9 24 27 - 4 5 4 
P2 44 65 39 - 10 13 9 -
P3 - - 17 - - - 5-

F,(P 1 x P.,) 34 32 - - 8 7 -
F1(PI x P3) 20 38 35 29 4 8 6 6 
F2(P Ix P2-0) 24 32 12 34 5 7 3 9 
F2(PI x P3 0) 13 25 30 30 2 6 6 6 
BC-P, 26 27 49  6 7 12 
BC-P, 45 14  - 10 9- -

Table 25. Average fruit yield and fruit size of four plant fypes of various tomato families. 

Fruit Yield (g/plant) Fruit Size (g/fruit)
 
Generation ripe seeds . unripe 
 seed- ripe seeds unripe seed

10 10 seeds less 10 10 seeds less 
P, - 40 98 40 - 10 1 9
 
P2 178 120 109 - 17 9 12 -

P3 - - - 24 - - - 5
 
F,(P 1xP2 ) 15, 30 - - 20 4  -
F1(P1 xP3 ) 104 
 6 46 35 23 12 8 o
 
F2(PI x P2-0) 136 79 22 50 28 11 7 6 
F2(F1x P3-0) 74 91 133 48 30 16 23 

BC-P 151 114 218 - 25 17 18 
 -

BC-P 2 186 132 - - 18 14 -

7 
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Table 26. Average stigma exsertion and antheral cone splitting 
of four plant types of various tomato families. 

Sligma Exsort (%) Antheral Cone Split (%)Generation ripe seeds unripe seed- ripe seeds unripe seed
10 10 seeds less 10 10 seeds less 

P, - 0 90 40 - 6 80 19 
P2 38 35 55 - 2P3 - - - 7 --

3 0  2P-

FI(PI x P2) 10 7 -
-- 2 

- 3 8 - -FI(PJX P3) 29 5 13 28 0 4 0 0F2(P Ix P2 -0) 28 11 11 17 0 0 4 1F2(P 1 x P3-0) 0 7 80 23 0 7 10 26BC-P1 4 18 61  3 14 28 -BC-P, 8 6 - - 0 0 - -



Processing Tomato Breeding 

Developing Heat-Tolerant and
 
Disease-Resistant Processing Tomatoes
 

Introduction 

Most countries in the tropical region have an insufficient supply of tomatoes and relyon imports for processing. The major reason for this is low yield owing to the lack of adaptable,heat-tolerant, and disease-resistant culivars. In Taiwan, the production of processing tomatois limited to the cool dry period of' December to March. Cultivars which can be grown earlieror later would reduce tile production cost in the sense that the processing facilities can be
intensively used during the year.

AVRDC initiated a project in 1981 to develop processing tomato cultivars and breedingmaterials for tropical and subtropical countries. forIt was funded in part by the CouncilAgricultural Planning iand l)evelopment (CAPD) of Taiwan for three years, from July 1982 
to June 1985. 

Materials and Methods 

The strategy used in this project was to combine the heat and bacterial wilt resistanceof tile AVRI)C tropical tomatoes with tie superior processing quality and disease resistance
of commercial processing cultivars.

The project has two components. The first was aimed at developing FI hybrid cultivarswith desirable traits in a short time. The second is a long-term project aimed at developingopen-pollinated cultivars and improving breeding materials for the hybridization program.
These components were conducted toge her since 1981.
In 1982 and 
 1983, a total of 190 FI hybrid combinations were produced and tested;and the elite combinations were selected for preliminary and advance trials in 1983 (ProgressReport 1982, 19 8 3). Among them, nine elite hybrids were chosen for the nationwide regionalyield trials ill Taiwan in 1983 and 1984. These trials were conducted by tile Tainan DistrictAgricultural I npro enicnt Station (Tainan DAIS), and the Taiwan Provincial Department ofAgriculture and Forestrv (PI)A F). All entries were evaluated in thiiee different planting datesin late suniner, fall, and winter at three locations in major tomato-growing counties ofSouthern Taiwa. The sarne materials were evaluatedalso being in ilhailand, Philippines,
Malaysia and Korea, eginurn ug 1984 for adaptability tests.

In tile late surinier of' 1984, 2t0 new FI combinations were selected for the preliminaryyield trial to evaluate yield and icat resistance under hot environments.
A series of seedling inoculation tests were conducted to verify the resistance to root-knotnematode, Fusarium wil, and ToMV of the FI and open-pollinated (01P) selections.Inoculation met hod of lie above diseases followed the AVRIDC standard seedling inoculation

procedure using 24 plants with two replications. 



110 AVRDC Progress Report 1984 

Results 

Preliminary yield trials. Table I snows the yield and horticultural characteristics of the 
Fl's and the local control cultivars, TK70 and Tainan Selection No.2. Although most plants 
in this trial were severely infected with cucumber mosaic virus (CMV) and potato virus Y 
(PVY), some FI selections seemed to be promising. They produced :wo to three times more 
marketable fruits than the control cultivar, TK70. 

Most of the entries showing a good level of heat resistance had relatively small fruits, 
(50 to 55 g). Only two of the moderately heat-resistant selections (TMI03 and PT858) had 
fairly large fruit size. The yields of the first and second pickings indicated the fruit-setting 
ability under hot periods in the early growing stage. The daily in i iinium temperature during 
anthesis of the early clusters was about 230 to 24'C and the mean maximum temperature 
was 32°C (Fig. 1). PT3025, PT3027, and PTI600 had fie best overall rating, with regard 
to the ability to set fruits under high tciiperature and fruit characteristics, such as size, 
firmness, and color. 

"T'hreedifferent types of hybrid coihinations \vcre included in these trials: 1)introduced 
cool-seasoii cultivars crossed with AVRI)(C tropical tomatoes; 2) A\ tRl)C cool-season cultivars 
crossed with AVRDC tropical toniatoes; and 3) AVRI)C new inbreds with sonme degree of 
heat tolerance crossed with AVIRDC tropical lines. 

In geneial, type I crosses lad loW to iediuni level of heat resistance, medium to large 
fruits, and acceptable fruit firminess and color. The second type is similar to type I, except 
that it is usually resistant only to ToMV and baclerial wilt (low level). The third type is better 
than the two in ternis of heat and disease resistance. 

Table 1. Yield and horticultural chqracteristics of new F1 processing tomatoes 
in a preliminary yield trial in the late 1984 summerz. 

Yield(t/ha) Horticultural Characteristics 
PT/No./Variety Overallfruit firm- fruit uniformsize (g) ness set ripening 

PT3017 25.ta-e 18.6a-e 45 M P P C 
PT3018 14.Gd-f 7.3d-g 64 M P-F P C 
PT3019 34.7a-c 27.8ab 41 M G F B + 

P r3020 16.6c-f 10.6c-g 58 F P P C 
PT30 !l i7,5b-f 10.1 c-o 57 F P-F P C 
PT30.2 28.6a-e 7.1d-g 71 S-M P-F P C 
PT3023 31.4a-d 17.3a-t 54 S F-G F B 
PT3024 5 6f 2.Og 65 M VP P D 
PT3025 36. 1ab 22.4a-d 50 F F-G F A 
PT3026 34.9a-c 14.3b-g 55 S F P C 
PT3027 36.7a 30.8a 49 M E F-G A 
PT3028 17.3b-f 3.3e-g 64 S P P C 
PT677 21.3a-f 10 3c-g 56 S F P C 
TM103 30.6a-e 15.2b-g 73 M F F C 
PT858 32.4a-d 16,2a-g 95 S F F C + 
PT862 28.5a-e 15.3b-g 80 M F F C 
PT870 27. la-e 14.2b-g 63 M F-G F C + 

PTIO17 29.5a-e 25. ta-c 37 S E G B 
PT1599 23.3a-f 19.8,-d 35 S E G B 
PT1600 19.7a-f 15,7b-g 77 S-M G G A
 
TK70(Ck1) 11.6ef 3.5e-g 65 S P F-P
 
Tainan 4,91 0.9g 50 F P F
 
Sel No.2
 
(Ck 2)
 

ZEate s'own: July 11,1984. date transplanted: AUg. 10. 198,1 dale harvesled: Oct. 27, 1984 to Nov. 15, 

1984. experimental design: RCBD, two replications. 
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Fig. 1. Daily maximum aad minimum temperatures and precipitation patterns at AVRDC 
from August to November 1984. 

Vcrificat 'iour ulniscoc rrr.,-,t arc. Table 2 shows tile responses of 24 Fl and open
pollinated (OP) sclccti)is and cimit ml culti,,ars to root-knot nematode inoculation. Most of 
the testcd c ultivars v.crc fouidit he resi,,tatt, except live which were segregating. Parental 
lines of thes, sceiceatin- cnlrics ,.ill he pified to ,fabilize their resistance. 

Tahle 3 slio%., tile irc,,;)tC of 21 I I and ()P Selections and control cultivars to seedling
inoculation or Fttariitl \%Itl lace I . Ml t( the ent ries showed complete resistance as expected.
All tested entrie,, mi th resistant chcks,,., loradel and Florida NilI-I, did not will; whereas 
the suscepliblc check, BonItn\ Bcst, had 75'(. and 851'*1 wilt.
 

The result of, lo,l\' iriculaitil i,, hovwn ill Table 4. Except F'T677, most 
of the entries 
showcd resistance to I o,\I\' (StraitI) reitt:ig IroI 0 to 8.31% compared with 100ot for the 
suscepltible check, I K7). It s:encd that lie I i,\lV-resist attt parental stock of P-T677 was still
segregatin tot l ' V rCistatiec. IIt addition, ts the l's carry only the heterozygous form 
Of Till 2

1 L'CllC. soitc of teh pltitts slloed miinor mosaic Sy'llptolls, especially at high 
telllpelrat tlre. 

Regioli'l vicll rrial,, ill 1983-84. Table 5 sho\s tile yield summary of the nine trials 
conducted d i 1ri983 to 1984. All of ite A \' , I)" Il hybrids consistently outyielded the
local control cttlliar.,, IK7t and I ainat Selection No. 2. For example, the mean yields in 
all trials of hIybrid INI11)3 \'as 84.4 t li, 37"'' highier than that of Tainan Selectiot No. 2. 
'File yield (Ii frleeces bet 'V cti thct and local checks ,,ere evenl higher when theynv ,esecliits 
\Ver plaIn tL in cals' .'\t]'iist. I 'tlcr hi, lh ttipo.rattire conditions in the late simllmer, most 

ilc,. siu, tich out theof the Li' ,,i antl liclde l\%o local conllrols. 
Similar rc,,ulh sCre also( (ubaitti-d in (it lour AVRI)( 11 hybrids conducted by

the procesfsine factories int 1983. I'lI,?7/O to lv urs.c tile hiieest. 'ield, but also matureCd 
earlier atid wa, the blest yieldcr ii ihis trial. lhi, htebrid wa, also reported to have larger
fruits with hette'r tirntsi i thai I K7T ([hable 6). 

As ill last ycar's iclort, lltost of F carried to and sonetl" Hl, l,,o resislance ToIMV 
to teinrltodce. lT'\' ', crc also rsistilt (low. Ic,.cl) to bacteriall ill the sce(dling inocutlation 
test. A stnunnary lil ot the nttuOr e-ltltitctlltics Zaid diselsrcsIs1tancC of the elite FI and 
01 selections arc sli,'%%ii it lIahle 7. 

Table 8 ,tuos Ite daysv, to ittattlilv, Iult si/c, alld fruil quallity ofl the processing tomato 
entries ill tie lct,ioiil yield trial. SevCrall IelCC tiONs ImII rtCd about It0 la',s earlier Ihnlll 
TK70 and lainan -;l:ciott No. 2. lhic II tintr color cadin of Irit lpastes were comparable
to the check.. ()il, a fw.It hbrid,, lt,, ,luhlC solil', hiLle r than 5.0(; this could he a major
problem of tile iev hybrids,. 1'1802 had the hest ploccssing tiltialit y of' all new coil bin'ations 
ill ithcsc Irials. 

( Thour de-Ul niuu.n. I p I.._!,-_ .'Itt pcriod did iot appear to he it problem. Ill fact,
all entries had slitlllv iighe IHunter color icadi:ig ini tile early planting (Table 9). Fruits 
harvested in lie warin scavon had higher solttblc solids (Irix) and p1H, and lower litratable 
acid conceriratioii lhlitn dlrillg the cooler peritds. 



Tabie 2. Nematode resistance of F1 and open-pollinated processing tomatoesz. 
AVRDC Sel No G Mean Classi- AVRDC Set No./ Mean Classi- AVRDC Sel No./ Mean Classi-

Cultivar Name Genotype Ratingy fication' Cuttivar Name Genotyoe RatingY tication ' Cultivar Name Genotype RatingY ficationx
 

PT3021 Mil+ 2.08b R PT1599 - 4.12b segregating PT1575 - 2.91b segregating
PT3022 2.04b R PT1562 - 2.54c PT 1572 Mi/Mi 1.87c R 
PT301 8 1.99b R PT3028 - 2.00cd PT1582 1.33cd R 
PT3023 1.91b R PT3027 - 1.87cd PT1606 1.25cd R 
PT3020 1.62b R PT3026 Mi/+ 1.54de R PT1564 0.95cd R 
PT3019 1.62b R PT1600 0.91ef R PT1579 0.91cd R 
PT3017 1.58b R PT1604 Mi/Mi 0.87e R PT1565 0.54d 
 R
 
PT3024 1.37b R 
 PT1565 Mi/Mi 0.67f R PT;572 0.53d R


Tainan Sel. No. 2 5.00a S Tainan Sei. No.2 +/+ 5.00a S Tainan Se. No.2 +/+ 5.00a S
 
(susceptible ck) (susceptible ck) (susceptible ck)

VFN Bush 1.50b R VFN Bush Mi/Mi 1.08ef R VFN Bush Mi/Mi 1.46cd R
(resistant ck) (resistant ck (resistant ck)> 
Cal Mart 1.46b R Ca; Mart Mi/Mi 0.75ef R Cal Mart Mi/Mi 0.87cd R
 
(resistant ck) (resistant ck) 
 (resistart ck)

zDate sown Sept. 21. 1984, date inoculated Oct 11. 1984. date observed Dec 6 to 7. 1984 YRaled on a scale of 0 tree of galls) to 5 ( 100 galls) 
'R resistant. S = susceptible 

Table 3. Resistance to Fusarium of AVRDC processing tomato selections-. 
AVRDC Sel No./ Mean Plant C ~assiication'AVRDC Sel No./ Mean Plant
Cultivar Name Wilty (Ob) Cultivar Name Witty (%,,) 

Group I Group tI1 
PT3017 0 R PT1600 
 0 R
 
PT3018 
 0 TK70 0
 
PT3020 0 Tainan Sel No. 2 0
 
PT3021 0 PT1601 0
 
PT3022 0 PT1605 0
 
PT3023 0 PT1607 0
 
PT3024 0 PT1608 
 0
 
PT1598 (TM103) 0 PT1615 
 0 
PT862 
 0 PT1620 0
 
PT870 0 
 PT1570 0 
Bonny Best (sus. ck) 75 S Bonny Best (sus. ck) 83 S 
Floradel (res. ck) 0 R Floradel (res. ck) 8 R 
Florida MI-1-1 0 R Florida MH-1 0 R 
(res. ck) (res. ck)

zSown on Sept. 25. inoculated on Oct. 8-9: and observed from Oct. 22 to 31, 1984. YMeans of two replications, 12 plants 
per replication. 'R = resistant; S= susceptible. 
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Table 4. ToMV resistance screening of processing tomato selections. 
AVRDC Sel. No./ Mean Infection AVRDC Set. No./ Mean Infection 
Cultivar Name Genotype Ratio (%) Cultivar Name Genotype Meati (n) 
PT3022 Tn12a/+ 4.2 PT870 Tm2a/- 0.0 
PT3023 4.2 P'1017 0.0

PT3027 
 4.2 PT1599 0.0
 
PT3028 0.0 CL1131-0-0-38-4-0-1A Tm2aITm2a 0.0
 
PT677 - 70.8 (res. check)

PT1598 (TM103) Tm2a/+ 0.0 Ohio MR-13
 
PT858 
 8.3 (res. check) 0.0 
PT862 4.2 TK70 (sus. check) +/+ 100.0 

Tabel 5. Marketable fruit yield of processing tomato selections 
in regional yield trials in 1983-1984z . 

Entry __ Transplanting Date Index 
_____ _________ ----- Mean (%

Aug. 4-9 Oct. 12-15 De2. 15 ft 

----------------------------- (t/ha)....................
 
TM102 
 58.1 136.4 37.7 77.4ab 125 
TM 103 76.7 123.6 53.0 84.4a 137
PT867 63.1 116.2 49.5 76.3ab 124 
PT870 66.1 129.9 41.5 79.2ab 128 
PT873 
 58.5 126.7 47.0 77.4ab 125
PT857 70.8 127.0 41.2 79.7ab 129 
PT858 66.4 120.4 40.9 75.9ab 123
PT862 59.9 132.8 41.6 78.1ab 127
CL2815-1-1-1-0-12 57.5 120.8 33.7 70.7bc 115
TKI0 F1 (check) 76.9 115.8 35.9 76.2ab 124
TK70 (check) 43.6 109.9 35.0 62.8c 102

Tainari Set #2 (check) 50.4 106.6 28.0 61.7c 100
 

'Regional yield trials were conducted at three planling d;ates in 1983 to 1924 in three locations in Southerr 
Taiwan, the data are means of throe locations in each planting date 

Table 6. Performance of AVRDC and introduced processing tomatoes 
in a trial conducted by a processing company'. 

EntryEntry . Marketable Yield(th)Maturity 
___(t/ha) 

PT617 90.7 E 
PT857 87.1 E 
PT873 99.7 E 
PT877 118.4 E 
PT890 100.4- E 
PT887 78.1 E 
PT899 1022 E 
PT897 86.8 E 
PT925 06.2 M 
PT937 84.2 E 
VFN8 49.0 E 
UC204B 47.1 L 
Euromech 80.6 L 
Cal-Mart 43.2 L 
TK70 68.8 M 

'Data provided by the Taiwan Karome Company, transplanled 
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Table 7. List of elite AVRDC processing tomato selections 
and their general characteristics. 

AVRDC 
SeINo. Type Growth Habit Variety Description 
TMI103 F1 determinate Medium to large fruit size, resistant to 

ToMV, V, F, medium tolerance to bacterial 
wilt and heat. high-yielding.

PT868
 
PT862 " vigorous, 

determinate
PT3027 " determinate Small tc med~umn fruit size. resistant to 

ToMV, Fusarium race 1;tolerant to bacterial 
wilt, highly resistant to heat, high-yielding.PT1017 ... Small to mediu truit size, resistant to ToMV, 
Fusarium race 1, highly resistant to heat.PT1599 , , 	 Small to medium fruit size, resistant to 
ToMV, highly resistant to heat.PT913 .. Small and sctt fruit size, resistant to ToMV, 

CL4656-2-0- open-	
highly resistant to heat, high-yielding.

" 	 Medium fruit size, resistant to root-knot3-1-NR pollinated nematode, medium resistance to heat. 
(OP)

CL4657-9-0- " Medium fruit size, resistant to root-knot4R-(N)R-0 nematode, medium resistance to heat.Tainan vigorous, Medium to large fruit size. resistant toSel.No.2 determinate Fusarium race 1. high-yielding. 

Table 8. Days to maturity, fruit size, and fruit quality of processing tomato selections 
in the regional yield trial, 1983. 

Entry 	 Days to Fruit Soluble Titratable HunterMaturity Size(g) pH Solidy Acid 	(/) Color .... ....... .................. 
 Reading
TM102 138 67 el.3 5.3 043 2.55TM103 	 128 65 4.3 4.6 0.10 2.47PT867 	 132 65 4,3 '.8 0.44 2.44PT870 	 131 65 4.3 4.7 0.43 2.48PT873 
 132 73 4.3 4.9 0.39 2.42PT857 	 134 67 4.3 5.0 0.41 2.56PT858 	 130 79 4.3 5 0 0.40 2.50PT862 131 75 4.3 5.4 0.41 2.55CL2815-1-1-1-0-12 139 59 4.3 4.4 0.43 2.42TK1O (FI) 	 133 74 4.3 4.9 0.49 2.54TK73 141 71 4.3 5.3 0.48 2.45
Tainan Solection 	 No 2 142 67 4.4 5.0 0.38 2.72Mean 134 69 4.3 50 0.42 2.51 

'Daita arme muia ; ol It iht, I) rilmo t h3 	 Hr.rjro 

Conclusion 

A series of 1:1 !tvbrid and open.pllinated proc,'ssine toiltaloes which produced tairlylalge fruil , and were resistal to ol,.,ctco niosaic siiii , toll-ktlot tetmatode, and baclerial
wit (low level) 	were develoled.- Th.e elctiots alIso had lhc ahili to set friti[s under relativelv 
high ttighlt teilperalirc- (22" 1o 23 ().

it i regional yield trial conducled ill late Sitlitlie ill Soulhern Ta1wati, hyrid selectionTN1(13 produced marketable fruits 741.iii lhati iostl t hiltetthe Coitmonly used local cultivai, 
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Table 9. Fruit quality of processing tomato selections grown 
in different p!antirig dates in Southern Taiwan7 

Item-__ 	 Item TK70 PT862 ____ All EntriesY 
summer rall winter summer 

__ 

fall winter summer fal; winter 
pH ,.26 4.29 4.40 4.24 4.35 4.31 4.22 ,.33 4.33 
Soluble 5.45 4.92 5.58 5.34 5.50 5.25 4.89 4.61 4.92 
solidx 
ritrat- 0 46 0.45 0.51 0.34 0.43 0.46 0.40 0.43 0.44 
able 
acid
 
Hunter
 
color 2.62 2.,43 2.31 
 2.79 2.50 2.37 2.61 2.48 2.44 

'Ttansplanted at AVR[C on Acgiist 4, 19,113 for surjrurer, on October 12, 1983 forfall: and December 
15 19 3 for winer 1lhinign ; Y~:Ae of !0 vallelfes 'NMe sLred in 'Brix 

TIK70, or 48% higher than the newly released AVRIDC processing tonalo cuijvar, Tainan 
Selection No. 2. Sonic of these selections will bc released in 1985 in 'aiwan for early season 
production. Curreitily, lcre iaterial ,,including selCct ions P'862, PlT858, I'MI03, PTI017 
and PT3027,*are also [reiig tested in TIhaliland, Nlalavsia, and the Philippines. 

Inheritance Study of Heat Tolerance of
 
Parthenocarpic Tomato
 

Introduction 

Although tomnatoe,, call be grown under a fairly wide temperaiure range, most cultivars
have adequat,. fruit set only in a narrow range of 	night temperatures of' approximately 15' 
to 21 °C. As sonie gcneticall, parthenocarpic lines showed good levels of heat resistance*,
it was proposed that an excellent level of this trait may he obtaincd by combining the 
parthenocarpic trait with the genes for heat-iolerance of the AVRDC tropical lines. 

This experi ment was conductcd to stutidy the inheritance of heat tolerance in parthe
nocarpic tomatoes and the relationshilp betweeti Irirthenocarpy and the heat-tolerant trait of 
various fanilies with different gencic backgrounds. 

Materials and Methods 

The following toniat o cullivars and lines and their progenies were used in this study:
Ventura-l-0((3)-I (Pf)-a facultative i)artherrocarpic line which originated in Italy. The 

partlhenocarpic Irait of this linie relorted to be controlled by a single recessive gene. ptl.was 

CLI1131-0-(-38-4-IA (P 2)-an AV RIDC heat-tolerant breeding 
 line. It is a seeded line 

(palt) with a high level of heat tolerance. 
UC821 (Pj)-a seeded (pat') lprocessiig tomato cultivar fron USA. It is heat sensitive 

andldoes not utsually set fruits (turiig he hot season at AVRDC. 
The following eight families were the progenies of the above parents: 'FIA (PI / P2);

FII (P1 / 1"3); F2A [(PI / P2)-01; .213 [(P1 / P3)-01; BC-Pl; BC- 2, H4A-seedless [(PI /
P2)-0-3-2]; F41-seCClCd [(PI / P)-0-3-7]. 

tin S1CC. W.".. Strliitr'ac ,c.,.ind W. I..(Ciorgc, 1983. [actor, controtlling the L'p ,ssiono1 tarthCnoctarpy in 
'Sc"cliii' rIrorilI . ScicliaI tim . 19:45-53. 

Sievehlin, W\.I. tCoe sr iC,,r.,( . and \V.t. 9,li 1984. :xpresion aino iieriranct, or Iarthenoe~rrpi • in 'Severianili' 
rorilro. .1. otlII,.rcdit75:02-0o.. 
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Seeds were sown in sterilized soil on May 24, 1984. Forty plants each of the parental
and F1 families were transplanted in the field next to 120 plants each of the segregating families 
on June 25, 1984 at 32 days after sowing. All plants were staked and pruned to a single stem. 
The number of fruit set from the 2nd to 5th clusters amd the number of seeded and seedless 
fruits were observed. 

The following calculations were made: 
* Fruit set percentage=(no. of fruit/no, of open flowers)x 100. Mean fruit set per plant 

was calculated based on mean fruit set of the 2nd to 5th clusters. Mean fruit set per family 
was calculated by the mean of all surviving plants in the family. 

* Heat-tolerant segregates=plants with mean fruit set larger than the mid-parent.
* Heat-sensitive !-egregates= plants with mean fruit set smaller than the-mid parent. 
o Seedles segregates =plants with 100% seedless fruit. 
* Partially seeded segregates= plants with more than seedless fruit.one 
* Seeded segregates=plants with It)0% seeded fruits. 

Results 

Expression of secdlcssness. The expression of seedlessness in the facultatively 
parthenocarpic line, Ventura-l-0(B)-I, was close to 100% (Table 12). Among the 18 plants
which set fruits, 17 had 100% seedless fruits. Only one plant produced a one-seeded fruit. 
The two-seeded parental lines, UC82B and CLI 131-0-0-38-4-0-IA, were all seeded. None of 
the plants produced any seedless fruits (TFable I I). I-he complete expression of' seedlessness 
in the parental line provided an excellent opportunity to classify the parthenocarpic and 
nonparthenocarpic plants in he segregating progeny populations of the Ventura / CLI131
0-0-38-4-0 and Ventura / UC8213 crosses. 

In the progeny populations, some plants produced both seeded and seedless fruits in 
the same plant (Table 12). As this partial expression of seedlessness was different from the 
expression of lie parthenocarpic parental line Ventura-I-0(13)-I, it was classified as seeded 
segregate in the genetical analysis. However, only the F2 and BC-PI populations had ati 
unusually high percentage of partially seeded segregates and, thus, the partially seeded (or
partially seedless) plants were classified as an intermediate class in further analysis (Table 13). 

Inheritance of)artIhnoearpic trait. The segregation of seeded, partially seeded, and 
seedless plants in the parental, Fl, F2, backcross (BC), and F4 populations are listed in Fable 
14. Although it has been reported that a single recessive gene, pat, conditions the seedlessness 

X2in cv. Ventura (Soressi, 1975), the analysis for the segregation of seeded and seedless 
plants in the present study did not agree with the single-gene hypothesis.* 

A further evidence to reject the single-gene hypothesis was that only the F2 and BC-P1 
families had an unusually high frequency of partially seeded segregates. This indicated that 
other genetic factors besides the gene pat may be involved in the expression of parthenocarpy
in Ventura. The number of factors involved in controlling the seedless trait in Ventura is purely
speculative in the present study. However, these factors seemed to be recessive because tile 
FI and IBC-P2 populations had only very f'c\ partially seeded plants.

The complete expression of seedlessness in one I 4 line also indicated that tile additional 
factors (minor genes or modifiers) were probably not too many. The partially seeded trait 
was easily evident after two generations of' selection for a completely seedless type (Tables 
10, II, 12). 

eleat-tolerant trait. Table 10 shows tire mean fruit-set percentages of all families. The 
F4 selection, (Venit ra / CIL 1131)-0-3-2, had tile highest mean fruit-set, followed by tile 
backcro,,s family (1.1131 / (Ventura / CL 1131). Table 12 shows the number of plants in 

• Sorcsi, (G.). and F. Salainini, 1975. A monmenndclian gene inducing paritlcntcarpic fruits. I oni io Gere. Coop. 
25:22. 
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each segregating family which gave better fruit set than their parental cultivars. The F4
parthenocarpic. family, (Ventura / CL1131)-0-3-2, had the highest number of segregates and
showed superior heat tolerance than the heat-tolerant parental line, CLI131-0-0-38-4-0-IA. 
Tiese results indicated that the parthenocarpic tomato cultivar combined very well with the
heat-tolerant cultivar. It is thus possible to select better heat-tolerant genotypes from the 
progenies of parthenocarpic and heat-tolerant cultivars. 

Rclationshi Ij) between parthcnocar)y aid heat tolerance. The mean fruit set of the 
two F2 Ventura families crossed with heat-sensitive UC82B. and with heat-tolerant CLI131-
0-0-38-4-0-IA, were similar (Table 11). However, most of the heat-tolerant plants in the F2
of Ventura x UC8213 were also parthenocarpic segregates. Thus, only the parthenocarpic 
segregates were resistant to heat in this line. 

On the contrary, most of the heat-tolerant plants in the F2 of Ventura / CIA 131 were
seeded (Table 14). The parthenocarpic trait did not contribute as much to the heat tolerance 
in this cross as in the Ventura / UC82B family. However, most of the plants which showed
excellent fruit set belonged to the partially seeded class, implying that parthenocarpy may,
in fact, have contributed to 	the increased fruit set in the partially seeded segregates (Table 15).

Based on the fruit set data of Ventura, CLI131 -0-0-38-4-0. IA, F4 and F2 families, the
genetically parthenocarpic tonatoes were equal to or better in heat tesistance than the AVRDC
heat-tolerant cultivar. The question is if genetic parthenocarpy and traditional heat tolerance 
cal be combined to ftrther improve fruit set under high temperatures.

Theoretically, it should be possible to select different degrees of seedlessness. In the 
12 and I3C-PII progenies of \'entnUra / CL 1131, the partiaily-seeded plants had the highest
fruit-set percentage (Table 15). This meant tit high mean t'uit set was actually contributed
by 	 these parthenocarpic segregates and, thus, it is possible to incorporate an optimum level 
of seedlessness into the traditional heat-tolerant lines to obtain the highest degree of heat 
resistance. 

Conclusion 
The data ill this trial showed two important facts: 

I. 	Thee are differences in the expression of seedlessness in different families, and the
intcrmediate type (partially seedless) seemed to have the best ability to set fruit under high
temperature condition. Monogenic control of parthenoca-py is thus questionable.

2. 	 In the completely parthenocarpic lines, there were also differences in the ability to set fruit
 
tinder high temperature.
 

It may be hypothesized that the pa'lly seeded genotypes perform better under
 
unfavorable conditions 
 than either the -ompietely seeded or the parthenocarpic genotypes
because they can attain the required sink strength for successful set (Fig. 2). This theory 
assumes that the completely seeded genotypes create their sink strength through the normal 
reproductive )rocess (pollination/fertilization/fruit and seed development), whereas parthe
ngcarpic genotypes rely on the sink strength which already exists in the ovary (under hormonal 
control?) even in the absence of successful pollination.

Tile partially seeded genotypes may thus have the advantages from bot, parents, i.e.,
they have a lower requirement of sink strength to fill because they already contain a certain 
amount of growth proinotor in the ovary (inherited from the part henocarpic parent) and they
also have a better ability to attain a normal reproductive process (derived from tlhe seeded 
parent). The above combination of both traits presunably results into a partial expression
of 	seedlessness and a better fruit set under adverse environment. 

Although it is theoretically possible to imnprove the fruit set of 	either tile completely
seeded or the part 'enocarpic types through selection (larger I for the completely seeded type
or larger in for the seedless type; see Fig. 2), the best approach appears to be to select the
partially seeded genotype type. This type would require only a few seeds to support fruit set 
under adverse environment. 



00 Table 10. Number of seedless plants in various tomato families. 

PT No. 

PT1453 
PT1504 
PT1064 
PT913 
PT996 
PT1359 
PT0005 
PT1419 
PT1421 
PT1417 
PT1477 

Name/Pedigree 

Ventura-l-0(B)-1 
CL 131-0-0-38-4-0-lA 

UC82B 
Ventura/CL 1131 
Ventura/UC82B 

(Ventura/CL1131)-0 
(Ventura/UC82B)-0 

Ventura/(Ventura/CL1131,1 
CL1131/(Ventura/CL1131) 

(VenturaCL1131)-0-3-2 
(Ventura/CL 1131)-0-3-7 

Generation 

P1 
P2 
P3 
FA 
F1B 

F2A(PI/P2-0) 
F2B(PI/P3-0) 

BL,Pl 
BC-P 
F4A 
F4B 

Total 

18 
39 
3 

38 
21 
86 
71 
98 

104 
91 
77 

seeded 

1 
39 
2 

38 
19 
75 
22 
78 

104 
0 
3 

Plant No. 

seed-
less 

(= 100%) 

17 
0 
1 
0 
2 

11 
49 
20 
0 

91 
74 

Plant No. 

seeded seedless 
( 3 seed- ( .3 seed

less fr.) less fr.) 

0 10 
35 0 
0 0 

38 0 
6 0 

42 18 
4 36 

49 17 
104 0 

0 90 
1 58 

> 

PT No. 

PT1453 
PT1504 
PT1064 
PT913 
PT996 
PT1359 
PT0005 
PT1419 
PT1421 
PT1417 
PT1477 

Table 1!. Average fruit set, fruit number, seedless fruit number, and percentage in 

Fruit Set Seedless Fruit 
Name/Pedigree Generation (0/0) 

range mean range mean 
Ventura-,-O(B)-I P1 0-87.5 16.0 0-100 94.4 

CL1131-0-0-38-4-0-1A 22 2.9-42.9 23.0 0 0 
UC82B P3 0-1.8 0.15 0-100 33.3 

Ventura/CL1l131 FIA 0-50.2 22.4 0 0 
Ventura/UC82B FIB 0-23.2 5.8 0-100 11.9 

(Ventura/CL1131)-0 F2A(Pl/P2-0) 0-46.2 14.3 0-100 25.8 
(Ventura/UC82B)-0 F2B(PI/P3-0) 0-76.3 13.0 0-100 73.9 

Ventura/(Ventura/CL1131) BC-P1 0-68.6 12.4 0-100 23.8 
CL1131/(VenturaICL1131) BC-P2 7.3-65.6 35.6 0-50 1.0 

(Ventura/CL1l131)-0-3-2 F4A 0-64.6 36.4 0-100 100 
(Ventura/CL1131)-0-3-7 F4B 0-81.0 23.7 0-100 97.5 

various tomato families. 

Total Fruit
No.

(no./pl.) 

range mean 
0-27 8.7 
1-16 7.4 
0-1 0.1 
0-13 7.1 
0-8 1.6 
0-20 4.2 
0-27 4.7 
0-28 5.1 
0-26 13.1 
0-21 11.4 
0-24 6.6 

Seedless
Fruit No.
(no./pl.) 

range mean 
0-27 8.6 

0 0 
0-1 0.3 

0 0 
0-2 0.3 
0-15 1.9 
0-27 6.0 
0-28 2.1 
0-2 0.1 
0-21 11.3 
0-24 7.1 

0 



Table 12. Segregation of the parthenocarpic trait in the progenies of Ventura/UC82B and Ventura/CL1131-0-0-38-4-0. 

PT No. 

PT1453 

PT1504 

PT1064 
PT913 

PT996 
PT1359 

Name/Pedigree 

Ventura-1-0(B)-1 
CL1131-0-0-38-4-0- 1 A 

UC62B 
Ventura/CL1131 

Ventura/UC82B 
(Ventura/CL 1131)-0 

Generation 

P1 

P2 

P3 
F1A 

F1B 
F2A(P1/P2-0) 

Total 

18 

39 

3 
38 

21 
86 

total 
seeded 

1 
39 

2 
38 

19 
75 

Plan! No 

Seeded 
comp-
letely 

( 1 

(39 

( 2 
(38 

(17 
(51 

par-
tially 

0) 

0) 

0) 
0) 

2) 
24) 

sr-d
less 

17 

0 

1 
0 

2 
11 6.84 0.01-

PT0005 

PT1419 

PT1421 

PT1417 
PT1477 

Ho F ,-__CI. 

(Ventura/LIC82B)-0 

Ventura/(Ventura/C L i 131) 
CLI 131/(Ventura!CL1131) 

(Ventura/CL1 131 )-0-3-? 
(Ventura/CL1131)-0-3-7 

>;-dress seeded 

F2B(P1/P3-0) 

BC-Pi 

BC-P2 

F4A 
F4B 

1 seIlee>s ' 

71 

98 

104 

91 
77 

:splobs hy 

22 

78 

104 

0 
3 

leve. 

(16 

(52 

(99 

(0 
1 

6) 

16) 

5) 

0) 
2) 

49 

20 

0 

91 
74 

73.36 
34.33 

0.005 
0.005 

0.005 

Table 13. Segregation of heat tolerance (fruit set) in the progenies of 
and Ventura/CL1131-0-0-38-4-0-1A. 

Ventura/UC82B 

PT No. 

PT1453 

PT1504 

PT1064 

PT913 

PT996 

PT1359 
PT0005 

PT1419 

PT1421 

PT1417 

PT1477 

-'Mean tut ;et: 

Name/Pedigree Generation 

Ventura-1-0(B)-1 P1 
CL 1131-0-0-38-4-0-1A P2 

UC82B P3 
Ventura/CL1131 FA 
VenturaiUC82B F1B 

(Ventura/CL1131)-0 F2A(P i/P2-0) 
(Ventura/UC82B)-O F2B(P/P3-0) 

Vent ura/(Ventura/CL1131) BC-PI 
CLI131/(Ventura/CL1 - 31) BC-P2 

(Ventura/CL1 131)-0-3-2 F4A 
(Ventura/CL 1131)-0-3-7 F4B 

P1 P2 P3 
UC82B Ventura CL1 131-0-0-38-4-0-1A 
0.15% 16.0 ", 23.0% 

Total 

33 

39 

31 
39 

32 

99 
98 

104 

104 

92 
85 

P1 

25 
13 

31 
13 

27 

62 
73 

75 

8 

5 
44 

Plant No. 

fruit set 

P2 x 

0 
10 

0 
11 

4 

12 
2 

13 

.14 

13 
9 

(q.o)' 

P1 P2 

8 
16 

0 
15 

1 

25 
23 

16 

82 

74 
32 

Percentage 

over 

F2 

24 
41 

0 
39 

3 

25 
24 

15 

79 

80 
38 



0 

Table 14. Segregation of heat tolerant and parthenocarpic traits in F2 and backcross families. 
Heat Tolerant Heat-Sensitive 

Family rationGene- seeded seed- ChiSquarez seed- ChiSquare'(1:1:8C)less 3:1:F2 lessPy seeded s 31:2 p Tta
3:1:F2 otar- 1::BC) _ __(1:1(Ventura/UC82B)-0 F2 5 :BC)34 78.8 1 0.005 17 15 8.2 -0.005 71(Ventura/CL1131)-0 F2 25 4 1.9 0.1-0.5 50Ventura/(Ventura/ BC 14 9 
7 4.9 .025-05 861.1 0.1-0.5 63 1T2 34.7 ,0.005 98 

CL1 131)
zHo: F2 =3-seeded: 1 seedless; BC = 1 seeded: 1 seedless. YP = probability level. 

0 

Table 15. Fruit set and mean fruit number of seeded, partially seeded, and seedless segregates in various too'.a!o families. 

CL1131-0-
Ventura1 UC82B Ventura Ventura (Ventura (Ventura Ventura CLI131/Classification (Ventura (Ventura38-4-0-lA /CL1131 /(Ventura (Ventura /CLl 131) /CLl 131) "/UC82B /CL1131)-0 /UC82B)-0P1 P2 eP3 FlA FIB F2A F2B /CL1131) /CL1131) -0-3-2) -0-3-7 

Completely seeded BC-P1 BC-P2 F4A F4BMean fruit set (%) 3.0 23.0 1.5 22.4 5.6 13.8 5.2Mean fruit no./plant 1 7.4 9.6 35.5 - 11.51 7.1 1.5 3.8 1.4 3.9 13.2 - 1Partially seededzMean fruit set (%) - - - 8.8 22.9 9.1Mean fruit no./plant - 16.2 35.8 - 11.7 - 2.5 15.9- 4 7.4 11.8  3.5Completely seedlessMean fruit set (%) 30.9  1.8 - 4.5 14.9 23.2 22.3 -Mean fruit no./plant 9.1 - 36.8 26.81 - 2.0Mean fruit set (0/0) 16.0 23.0 0.15 22.4 
5 8.4 8.7 - 11.5 7.55.8 14.3 13.0ZPartially seeded: the percentage of seedless fruits per plant (x) equals: 0% 

12.4 35.6 36.4 23.7 
< x <100%. 
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J Original level of sink strength in ovary before pcllin-lion 

Sink strength created by pollination /fertiliz t;,n/

seed set process
 

I,m g Effect of selection
 
*6 Required sink strength under unfavorable environment
 

T Fig. 2. 
iSink strength for fruit set of three tomato 

Ii genotypes under an unfavorable environment. 

Completely Partially Seedless 
Seeded Seeded
 

Genotypes
 



Sweet Potato Breeding 

Hybridization 

A total of 94,717 sweet potato seeds was collected during the cool season ill 1933-84 
from various crossing nurseries (Tab!e 1). As in the previous year, three types of hybridization
hand crosses, open-pair pollination, and poIcrosses-were conducted. As there were still 
plenty of seeds left from last year's crosses, this year's hybridizations concentrated mainly 
on raising dry-niatter yield for feed/industrial uses and oni inproving eating quality and flavor 
for human consulpllpion. 

Table 1. Objectives and number of seeds produced from the 1983 
(fall) sweet potato hybridization program. 

No. of No. of Seeds No. of Seeds Combinations Harvested Sown 

Hand crossing 
To combine high yield, high DM with 
better eating quality 46 5,184 4,777 

To improve dryness and flavor of 
dessert :ines and to improve dry 
matter yield 24 719 633 

Sub-total 70 5,903 5,410 
Open pair 

To obtain high dry matter lines 1 569 376 
To improve dry matter yield 1 23,952 8,000 
Sub-total 2 24,521 8,376 

Polycross 
To obtain high dry matter lines - 357 0 
To improve dryness and flavor of 

dessert lines - 4,820 2,891 
Sub-total - 5,177 2,891 

Open pollination - 59,116 51,493 
Total 94,717 68,170 

Seedling Screening and Obs,.rvationa! Trials 

Introduction 

During the 1983-84 cool season, a total of 94,717 sweet potato seeds from various 
hybridization nurseries was successfully collected. The lack of rapid and reliable screening 
techniques was a major limitation of the program. 

In order to handle a large number of clones, rigorous selection was imposed in the 
seedling stage and in the first vegetatively-propagated stage to reduce the number of subsequent 
yield trials. 
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Materials and Methods 

Seedling screening. A total of 68,170 seeds was sown in two separate tria.s. The first 
set of 30,393 seeds was sown in the field on March 19 and screened )n August 14, 1984.
The second set of 37,777 seeds was sown on June 14 and screened on December 10, 1984.
A total of 6,557 seedlings was selected from the above materials on the 'asis of flesh and
skin color, appearance and shape of storage roots, and plant type. In addition, two other
seedling screening techniques were used to identify superior genotypes in the field: rapid dry
matter' determination and rapid protein determination. 

Immediately after seedling screening, cuttings of the selected clones were transplanted
to the field for multiplication of plaming materials eventually needed for observational trials. 

()bscrvational trials. A total of 3,028 clones selected from seedling screening in 1982 was grown from November 29, 1983 to April 10 to 13, 1984 for observation of yield and 
horticultural characteristics. Five cuttings of each clone obtained from the multiplication plotswere transplanted to the field, spaced at 0.4 in between hills and I in between rows. Two
check cultivars, Tainan 18 and AIS0122-2, were planted after every 40 clones. Selections were
based on yield, dry matter content, dry matter yield, and appearance and uniformity of storageroots. The selected clones were grouped into orange-fleshed clones and yellow or white clones 
for further selections. 

Results 

Seedling screening. In the first set, only 2,692 seedlings were selected for observationaltrials (Table 2). From the second set composed mainly of seeds from hand crosses, open pairs
and polycrosses, 3,865 seedlings were selected for further trials. The mean selection rate in 
these populations was slightly higher than in the first set. 

Table 2. Seedling screening in 1984. 

Item No. of Seeds Selection
Sown no. rate 0(/b) 

Seedling screening I 30,393 2,692 8.9 
open pollination 

Seedling screening BY 37,777 3,865 10.2 
controlled crosses (5,410)
 
open paired (high DM
 

& DM yield population) (8,376)
 
polycross (high DM population) (2,891)
 
open pollination (21,100)


Total 68,170 6,557 
'Seeds were sown on March 19, 1984 and selected on August 14, 1984. YSeeds 
were sown on June 14, 1984 and selected on Dec. 10, 1984. 

Observal.ional trials. Fig. 1 shows the population number and mean marketable root
yield of the original, the first, and the final selections. Dry matter contents of the first and 
the final selections are shown in Fig. 2. 

The original population was selected from seedling screenings in 1982. The first selection was conducted in the field based on yield, root shape and uniformity, and on number of
marketable roots per plant. The last selection was made on the basis of dry matter content.
The mean dry matter yield of this population (23.5 t/ha) was higher than in any of the 
observational trials in the past.

The high-protein population selected by the rapid-field protein-determination technique
is still being evaluated for stability of protein content under field conditions. The results will 
be reported next year. 
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Population
Original lot selection Final selection Ilt selected A Final 

N,3028 N,596 
population ApopulationN-243 50 Ronge=13.6-41.6 Range=18.2-41.6Mean =575 Mean-73.2 Mean -75.2 Mean= 28.1 Mean =31.330 SD,3362,-A% SD-30O SD26.3 - 40 S D=5. 0 S = , 

>"U '%Original population N=612 N= 307(selected20 - 30 - from 612) 

10 1st selected l., L._

1111 population, , 
 . 10 

dI - Final population 0,el
 
0 20 40 60 80100120 
 I0 15 2025 3035 4045 50 55 
Marketable Root Yield (/ha) Dry Matter Content (%) 

Fig. 1. Distribution of marketable root yield of Fig. 2. Distribution of dry matter content ofsweet potato clones grown in observa- selected sweet potato clones grown intional trials before and after selection observational yield trials in summer,
in 1983. 1983. 

Conclusion 

Except for a few nonflowering cultivars, such as the stem-borer resistant cultivars 155and 192, sufficient hybrid seeds were successfully produced through controlled crosses, openpair crosses, and polycrosses. Application of multiple selection criteria at various stages ofbreeding resulted in a substantial narrowing down of total population size from the above crosses. Among the 1982 seedling populations selected in this manner, considerable
improvement in dry matter percentages and dry matter yield was observed. The latter was
higher than dry matter yields obtained in previous trials. 

Preliminary and Advanced Yield Trials in 1983 and 1984 

Introduction 

Preliminary and advanced yield trials are usually conducted at AVRDC for two seasons:
in the favorable environments of the cool-dry season and in the 
 adverse hot-wet season.Selections are based on overall perfornmance in both trials during these two seasons. The
selected entries are then tested in Taiwan in multi-locational trials to determine the stability

of yield and other characteristics before sending them 
 to foreign cooperators. 

Materials; and Methods 

A total of 175 entries was evaluated in tie 1983 preliminary yield trials (PYT) in thewet (summer) and dry (fall) seasons. The wet-season trials were planted on July I1 andharvested from October 12 to 20, 1983. The same entries were transplanted on October 14,1983 and harvested on April 24, 1984 during the dry season. Entries in both trials were divided
into 16 groups according to their utilization type and previous performance.

The randomized complete block (RC13) design with two to three replications was usedin all trials. TFhe plot size was 1) 1n2 (40 plants). Selections ('NI 108-13, A1S35-2, and 1981(Tainung 66) wcre used as control cultivars for the dessert/staple groups; and selectionsCN1038-16, 1981, and 1424 (Tainan 18) were used as control cultivars for the feed/starch 
groups. 
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A total of 352 entries in observational trials in 1982 was selected for the preliminary 
trials in the 1984 wet season. The entries were classified into 22 groups and evaluated from 
May 23 to November 5, 1984 ai AVRI)C. The cexperimental design and plot size w%,ere the 
same as in the 1983 1 'YT. 

The advanced yield trials were condiuctcd in two locations, Chishan and Shaht, dturinI! 
the 1984 wet season. They \%ere tralspllllld On .111cI I and harvested on November 6, 1984 
in Chishan, and transplanted on .tine 13 and hairvested on No,'embc 20 in Shalu. 

Results 

l'rcliiiniary trials in 1983 . Tables 3 to 5 show the results of the Preliminary trials in 
1983 preliminary trials conducted in two seasons during 1983. The elite and secondary 
selections suitable for human consumption are listed in Table 3 and Table 4. Selections 
CN1424-36 and CN1421-153 had mean yields of more than 30 t/ha in two seasons. Their 
dry matter yields were also higher than those of the control cultivars. Most of the elite selections 
listed in Table 3 also had good root shape anrod tniformity, and rated fair to good ol taste 

Table 3. Horticultural characteristics and yields of elite dessert/staple lines 
selected from preliminary trials in summer and fall 1983. 

Entry Name Taste Grade Yield(t/ha) Dry Matter (0) DMYX 

summ" tally mean summ, fally mean (t/ha) 
CN1424-36 G-E A 24.9 42.1 34.0 30.1 24.8 ,.7.5 9.2 
CN1421-56 G-E A 15.8' 26.6- 21.2 31.8 31.7 31.8 6.7 
CN1421-68 F A 17.5- 20.4- 19.0 34.6 32.5 33.6 6.4 
CN1421-153 F A 19.6 43.9 31.8 27.3 24.0 25.7 8.2 
CN1423-438 F B 11.2 33.9 22.6 26.6 26.3 26.5 6.0 
CN1424-9 G B 16.9 30.0 23.5 26.5 26.3 26.4 6.2 
CN1419-139 P-F B 16.9 24.5 20.7 35.8 31.2 33.5 6.9 
CN1108-13(Ck1) G A 12.7 37.4 25.2 24.9 27.9 26.4 6.6 
AIS35-2(Ck2) F A 15.0 30.5 27.8 24.8 24.3 24.6 6.8 
1981(Ck3) C A 22.3 22.9 22.6 28.7 30.6 29.7 6.7 

'Tr.arnsplante:d on July 1, 1983, harvested on Dec 12 20 19B3, rephcatud two to th,,e tines. 
significantly hq(Iher than the supenor control atl p - 00) in th. sarne gIoup 

- - signiicanlv lower than the superior control at i) - ()0!) in the SdnrIe ionup
 

YTransplantd on Oct ).1 1983. harvested on Aprtl 2.1 tO replsaid two (n three lmes
 
'Diy matter ylrtl
 

Table 4. Horticultural characteristics and yields of the secondary dessert/staple lines 
selected from preliminary yield trials in summer and fall 1983. 

Yield(t/ha) .. Dry Matter. (%). DMY'Entry Name Taste --....... ... ......
G rade ....... 

summ" fally muan summ? fally mean (t/ha) 

CN1308-1 G C 21.7 16.4 19.1 29.1 26.7 27.9 5.3 
CN1423NL-31 P C 5.8- 25.2 15 5 28.8 30,6 29.7 4.6 
CN1424-3 F-G C 84 225 155 31 6 30.6 31.1 4.8 
CN1421-132 P C 10.2 289 196 325 23.8 28.2 5.5 
CN1423-170 F C 198 40.4 30.1 28 1 24 8 265 8.0 
CN1423-9 F C 222 358 29 3 31 8 29.5 307 9.0 
CN1421-2,13 F C 18 3" 35.5 269 35 7 33 5 34.6 9.3 
CN1330-11 G 65 264 16.5 252 - 25.2 4.1 
CN1 ,08-13(Ckt) G A 129 37,. 25.2 24 9 27.9 38.9 9.8 
AIS35-2 (Ck2) F A 15.0 30 5 22.8 24.8 24.3 24 5 5.6 
1981 (Ck3) G A 22.3 22.9 22.6 28 7 30.6 30.0 6.8 

For footnotes, see Table 3 
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score in tile panel test. Selections C'N1423-170 an(l CN 1423-98, selected from the Co' 0 treatedpopulations in 1982, yield around 30 t/ha in tile prelininary .ivhldtrials (Table 4).Clones which had superior dry Matter Conteit and dry matter Nield were selected forI frt her evaIltion as teed of st arch cultivars. Iift ecn selections were chosen for these usesin tie 1983 prelininary trials. The dry matter yield of these selections ranged frolm 6.1 to14.5 t/ha conpared to 6.8 to 9.0 tiha of the control cultivars. Selection CN1309-18, witha Inean yield in t o ,casoils of' 54.5 1,/ha and dry matter yield of 14.5 /,ha, wis identified 
as a potential animal-feed cuLis ar.

Based on tile overall perfornailce in different trials and on iimport;1nt characteristicssuch as taste, appearance, Iflesh and skin color, the 30 selectecd clones wore graded from Ato C'. Only lie A or 13selections will be fuither eVi+aluated.
PI'reliminary yield trials in 1984. The yields and characteristics of the I Ibest selectionsfrom tie 309 entries of the 1984 wet-season preliminary yield trials are shown in Table 6.These popultions were found to be better than tile PYT lines of' tile previous year. Marketable
root yield aid ry iailer conteiint of tIle elite liues 
were generally better than those of tliecontrol cultiar, Taiming 66. ILiv'cof tie elite selections were orange-Ifleshed, lile rest wereyellow-or white-rfleshed. All these lincs had good root shape and unif'orinity.
The secondary selectioi usare listed inTable 7. Further selections will be based theonoverall perf oriniance ii bothi] ir anrd wet seasons itspring 1984.
Advanced yield Irils in 1984. Table 8 shows the combined results of four trialsconducted in 1983 and 1984. Most of the selected lines did not outperf'orn the control cultivarsselected in tle previous year. The over:All means of these new lines ranged from 18 t/ha to33 t/ha compared with 24 t/ha of the superior control cultivar, CN1038-16. Only CN1309-18significantly outyielded ('NI1138-16 in tile combined analysis. Both of the AYT wet-seasontrials conducted outside AVRIDC were severely infested by weevils and stem borers. These

trials were repeated in file dry season at AVRI)('.
Fig. 3 shows the yield stability of the entries grown in four environnents. Most of'tilehigh-yielding culiars had high regression coefficients (b). -lighi-yielding lines which could 

iperforili eCuallly Well under both I favorable and unfavorable environments seemed difficult 
to obtain. 

Fable 5. Horticultural characteristics and yields of feed/starch lines 
selected from preliminary yield trials in summer and fall 1983. 

Entry N;rne Taste Grade . Yield(t/lia. Dry Matter (,) DMYX 
surn rn all mean summ' rally mean (i/ha)

CN1345-8 D A 21.8 25.9 23.9 32.5 33.9 33.2 7.9CN1407-8 F-G A 15.4 51.3 33.4 31.3 29.8 30.6 10.2
CN1423.557 P 
 B 21 5 31.6 26.6 35.1 28 2 31.7 8.4CN1309.18 F.P B 34 2 74.7 54.5 30.6 22.8 26.7 14.5CiJ 1306-22 G C 69 256 163 36.9 37.0 37.0 6.1CN1424NL-18 G C 7 1 26.3 16.7 32.3 32.8 32.6 5.4CN1310.5 P C 11.7 32.8 22.3 33 1 29.5 31.3 7.0CN1,123-215 F C 26 1 46.5 36.3 22.228.1 25.2 9.1CN14,19-193 F-P C 15.1 34.2 24.7 35.8 29.13 32.7 8.1CN1419-165 F C 136 41.0 27.3 32.8 27.8 30.3 8.3CN 14119-224 F C 200 12.1 16.1 36.8 31.9 34.4 5.5
CN 1388-7 F C 
 1.2 41.9 21.6 34.9 28.8 31.9 6.9CN 1346-9 P C 13.8 44.2 290 34.2 29.6 31.9 9.3CN131023 F C 17-1 58.0 37.7 28.0 23.9 26.0 9.8
CrlI .105.14 F 
 C 18.6 400 29.3 33.6 131.8 32.7 96CN,1038-16(Ck 1) F A 14.6 52.6 33.6 28.6 24.9 26.8
1424(Ck2) 
 G A 6.1 49.5 27.8 26.1 27.9 27.0 
9.0 
7.51981(Ck-3) G A 22.3 22.9 22.6 28.7 30.6 30.8 6.8 

I~~~r ~ .. IA)?1 

http:CN1309.18
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Table 6. 	 Yield and characteristics of the best breeding lines selected 
from preliminary trials in the wet season of 1984. z 

Growth Appear- Unifor- Flesh MK'P Yield Root No. DMX DMYw
Habit ance mity Color (t/ha) (x 1000/ha) (0/0) (t/ha) 

CN1517-122 S-P G G Y301 23.0 92.4 34.4 7.9 
CN1524-112 E G G Y401 22.0 135.3 27.7 6.2
CN1489-95 E G G Y3 52.2 1752 36.6 11.8 

CNI517-105 E G G 03Y1 23.5 177.2 32.9 7.7 
CN1517-164 S-E G G Y2 31.4* 181.4 33.4 10.5 
CN1486-24 S-E G G W 25.6* 158.8 35.8 9.2 
CN1434-2 S-P G G Y401 32.0* 90.7 35.7 11.4 
CN1524-230 S-P G G Y2 28.8 147.7 360 10.4 
CN1525-11 S-E G G Y5 30.7 185.7 29.9 9.2 
CN1525-22 S-P G G 04Y3 25.3 107.0 32.6 8.2 
CN1438-39 S-P G G Y2 24.2 93.7 37.5 9.1 
Tainung 66v S-E F G 04Y3 19.7 150.3 27.8 5.5 
CN1108-13v S-E F G 03Y3 16.5 109.5 23.0 3.8 

'Selected from 309 entries, transrIantec on May 23, 1984, harvested on Nov. 5, 1984: replicated two 
to three times. 

YMarket yield: 
* = significantly higher than the superior control cultivar at p- 0.05 in the same group. 

- significantly lower than the superior control cullivar at p L:0.05 in the sarre group.
 
^D)ry Matter. wDry ratter yield vConmrnor control cultivar used in all groups.
 

Table 7. Yield and characteristics of the secondary breeding lines selected 
from preliminary trials in the wet season of 1984.2 

Growth Appear- Unifor- Flesh MKTy Yield Root No. DMX DMYw
Habit ance mity Color (t/ha) (x 1000/ha) (0/0) (t/ha) 

C0J1510-116 E G G 03 27.9 256.0 24.1 6.7 
CN1517-131 E F-G F-G 03(Y3) 27.9 123.0 31.4 8.8 
CN1425-3 S-E G G Y6 14.9 115.6 35.1 5.2 
CN1428-18 B G G Y3 12.3 94.8 34.1 4.2 
CN1517-126 E G G Y2 22.7 121.2 33.0 7.5 
CN1438-26 S-P G G Y2 25.0 115.7 39.0 9.8 
CN1489-79 S-E G G Y2 27.5 158.3 37.3 10.3 
CN1522-89 E G G Y2 16.9 94.9 33.2 5.6 
CN1524-65 S-E G G Y2 23.2 106.3 34.3 8.0 
CN1429-33 S-P F F 03 23.0 173.1 26.0 6.0 
CN1448-13 S-E G G Y2 26.7 196.7 36.0 9.6 
CN1449-26 E G G Y1 20.3 122.7 37.2 7.6 
CN1538-12 E G G Y1(P1) 22.2 147.2 39.8 8.8 
CN1525-87 E F F 04Y3 24.4 191.4 33.9 8.3 
CN1489-22 S-E F F Y1 20.7 142.0 39.1 8.1 
CN1429-134 S-E G G O2Y1 33.8* 105.2 24.7 8.3 
CN1448-62 E G G (2 20.2 98.9 33.7 6.8 
CN1508-265 S-E G G Y2 33.5 240.1 * 28.9 9.7 
CN1489-43 S-P G G Y2 24.6 122.2 34.5 8.5 
CN1510-25 S-E F F Y2 29.6" 213.5" 32.6 9.6 
CN1517-139 S-E G F Y3 32.1* 119.9 35.8 11.5 
CN1438-13 S-E G G Y2 15.1 126.9- 34.1 5.1 
Tainung 66v S-E F G 04Y3 19.7 150.3 27.8 5.5 
CN1108-13v S-E F G 03Y3 16.5 109.5 23.03 3.8 

'Selected froIm 309 etries, trar splaril,d on May ?3, 1984, harve,;ted on Nov 5, 1,98,l, replicated two 
to three times 

YSymbol 7 significantly higher than the control at p :005 ii Ihe same group 
- :significantly lower than the coiilrol at p 0.05 in Ilh sane group.*ry matter. WDry matter yield vConrr on conlrol cultivar used in all group 
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Table 8. Yield and characteristics of elite sweet potato lines selected from two years 
of trials in 1983 and 1984. 

AVRDC Sut. No./ Marketable Yield (t/ha)z DM DMY 
Variety Name '83 wet '83 dry '84 wet '84(AVRDC) (AVRDC) (Kinshan) wet(Shalu) mean (%) (t/ha) 
CN1424-36 24.9 42.1 8.8- 10.2- 21.5 27.1 5.8 
CN1421-153 19.6 43.9- 4.7- 8.0- 19.6 25.5 5.0 
CN1424-9 16.9 30.0 12.6- 16.7 19.1 26.0 5.0 
CN1345-8 21.8 25.9 15.0- 13.6 19.1 33.6 6.4 
CN1407.8 15.4 51.3 14.4- 9.8 22.7 29.8 6.8 
CN1423-557 21.5 31.6- 9.1- 98 18.0 32.2 5.8 
CN1309-18 34.2* 74.7 9.0- 15.6 33 4 25.2 8.4
CN1423-215 26.1 46.5 7.8- 14.7 23.8 26.2 6.2 
CN1388-7 1.2- 41.9- 18.1 14.1 18.8 32.5 6.1
CN1346-9 13.8 44.2- 17.8 13.3 22.3 31.8 7.1 
CN1310-23 17.4 58.0 9.2 17.8 25.6 25.8 6.6 
CN1108-13 12.9 37.4 21.8 13.4 21.4 24.8 5.3
AIS35-2 15.0 30.5 10.9 7.8 16.1 25.9 4.2 
CN1038-16 14.6 52.6 9.9 17.2 23.6 26.1 6.2 
1981 22.3 22.9 23.6 20.2 22.3 28.9 6.4 

'Marketable yield
* 	 Significanlly higher than the superior control cultivar in the same group at p=0.05.
 

=Significantly lower than the superior control cultivar 
 in the same group at p=0.05. 

2.5 1 C N I 3 09 *1,
 

9 entries selected
 
o control cullivors
 

2.0- & entres not selected
 

C, * C41310.23 
",, 	 I____ a C0 l38-16 Fig. 3._ C1J407-18 

CNIIO8-1I3_ 423 2T5 Relationship between average variety• CH1424 - 36	 yield
SCN,346-9 and stability of 33 sweet potato breeding lines 

• [0 a. -- Populohin mean grown in four environments in the wet and dryseasons from 1983 to 1984. 

0 41 i 

10 15 20 25 30 35Average Variety Yield Who) 

Conclusion 

Clones selected in 1983 were found to be less promising than those selected in 1982. 
It appeared that the population was approaching a yield plateau around 20 to 30 t/ha in 
the wet season and 30 to 40 t/ha in lhe dry season. Our program should either find ways
to break the yield barrier or emphasize more on improving specific characters, such as disease 
or insect resistance, and lutality for different uses. 

Yield Stability in Multi-Locational Trials 

Introduction 

Mhlti-locational yield trials were initiated during the 1983 wet season to study the yield
stability of AVRDC breeding lines under a 	wide range of environments. The measurement 

http:C41310.23
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of yield stability is one of the most important anid difficul tasks of tile internatioall breedirig 
programs. This work is particuilarly difficuilt for -swet potato, isquarantine regultlions areoften rigid or entry of' vegetatively propaUated materials. In order to mderstarld better tile
nature of yield stability and perfornIrance of AVRDI)' breeding+ materials tinder differcint
environments, ulti-locat jonl trials were, therefore, :otrducttd durir the dry and wet seas,ns 
under nine different elr,,vironllllnt ill1983 arid 1984. 

Materials and Methods 

Fit'Ien breediLg linlies Ild tlirc cowtrol ctiltivars e.cre:evaluated dturiung tle wel and dl,, 
seasons 'ron 1983 to 1984. Tli, wel-season trials were conducetd in si\ locations (Sn iliii,
AVRDC, Shalu, "laovir;tnr, Tailting, anld F'cgheLI) and the dry-seasor trials were carried olit 
in three locations (.\',"!)' Tlipot, and Ttoyauan) il Taiwan. suMarized ofs'li f list
experimirental dlsigis anld tiie expclinelital duration of' all trials illhoti eIsons are lisled ill 
Table 9. 

PlotIs 
Were sl);aLcd Il ipart ;aridl'rallged iiia ridotied completc bhlock designi.
Fertilier was applied at the rate of -40, 6(, and 160 ke,.ha. I'orN, IP,(O)., and K,(), respectivily.
Stability anltvsis !'iloCd tile iCererssiori methods decrihed hv [ilay arid Wilkinson (1963),
l-berlart ard Russell (1966, arid 
 Ianger, F'rc', and Baiilcy (1979). As entries iiitirewet-season 
trials w\ere slielitly different from throc iiitlic dry-seasontrials, only mile Irials with tife same 
eitries \\r:e included i) tlie cotibilred analysis. 

Results 

Table 10fsururarizcs tlie marketale 'ot yields, flv mite:r COntetis, and dr *v mailer 
yie:lds of the 18 COltiVars groln i hirle differelt enrir'o tttlits. I lie lalln yield illClifl'erelnt
locationi, ranged front 10.3 tiha to 32.4 i Iha witi tile 'et-season tri;l iiiSuilitr repreCsenrting
tile poorest C'iroiinrerit arid tie drv-seaol trial ill IIIOst 

'Flie w,\ide ranee of"llI\irorIieCrtts provided ;ilt 


laipOl, tlhe l'avoralC CnViroinrlcint,
 
CX,_cellit ol0ortt.,litv to IeIacsurte' Vield stability.

[iglht eitrics had Irrean yields across emirirolnillrts reaterl t.al 2(t t/lia. All conrtrol cultia'rs 
yielded less lhatt20 t Ia. 

Illtie stabiliv alal'sis, all four Iighih-vielditlu linies had hih reressioi coefficielts,
implyirg thrr they teIndeCd tl'Or o11v ulderr favorableto1pr \%'ell condition.,, (Table 1I). 

TabIe 9. Summarized listof multi-locatioral trials during 1983-1984. 
Location Season No ot 

Entries 
No. of 

Replicates 
Plot Size 

(min) 
Transplanting 

Date 
Harvesting 

Date 
Suilin 
Penghu 
Taoyuan 

summer 
" 

18 
18 
18 

2 
2 
2 

10 
10 
10 

04-12-83 
05-03-83 
05-17-83 

09-14-83 
10-03-83 
10-18-83 

Taichung 18 2 10 05-20-83 10-19-83 
Taitung 
AVRDC 
Taipou 
AVRDC 
Taoyuan 

fall 

18 
18 
18 
18 
18 

2 
2 
2 
2 
2 

10 
10 
10 
10 
10 

05-24-83 
06-14-83 
09-14-83 
08-15-83 
08-02-83 

10-27-83 
11-11-83 
02-10-84 
01-08-84 
12-16-83 

H crhtiii , S..\ Mit \\.\ Rui',,cIl, ,I CNiSi;hililY prlall. 
 ii: it '..;i lie', ('o,ij,..iencc 6: .6-40-i. 
I in ,%,K.W aind (.N .\khji', , 1')( 3 11 otlaipli;ir iihe,Ul vski i ill;i pill brcit.v pioel;iimic..Au. .. Aric. 
Re',. 14:7-12.754.
 

langer, I.,K..t l t tiill, t)79 .'\ .,o,'i'iioii, inow plothl'i i\l', t t iiollri,+,
pi ni:e. alid'lailil ,iindexes,
 
ill(At %ari'lie,.lltlphli..2S: 17-2-1. 



Table 10. Marketable root yield, dry matter, and dry matter yield of sweet potato selections in multi-location trials (nine environments) 
during the wet and dry sepsons in 1983.
 

AVRDC Set. No./ 
 Wet Season Dry Season Mean Mean MeanVariety Name AVRDC, Shalu Taoyuan Faitung Penghu 
DM 

Suhn AVRDC 2 Taipou Taoyuan Yield' DMY Yield 
CN 1108-13 17.10 24.4 42.2 30.9 19.3 160 28.2 44.9 14.9 26.4. 24.4 6.4CN1028-15 13.10 34.3 44.4 50.0 30.6 21 0 20.3 46.3 22.1 31 3* 23.6 7.4CN1038-16 10.2 21.2 17.4 41.5 16.7 14.9 18.9 22.1 14 1 19.7 27.6 5.4CN942-47 20.3 21.8 34 8 29.6 15.3 14.5 18.5 34.7 21.2 23.4 24.5CN1058-10 12.4 26.4 28.6 26.8 20.0 

5.7 
16.4 18.4 31.8 18.8 22.1 21.8 4.8CN1216-10 7.7 21.1 19.5 28.1 15.8 7.3 19.9 44.2 12.9 19.6 28.6 5.6CN1219-1 9.7 20.0 29.2 25.9 15.8 2.8 19.9 29.5 26.6 19 9 28.5 5.7CN1221-1 10.4 20.9 18.3 19.7 10.7 6.4 16.6 20.4 9.7 14.8 35.3 5.2CN 1229-2 8.6 18.7 18.3 21 8 17.0 7.9 19.4 27.1 15.3 17.1 32.1 5.5CN 1229-14 3.5 18.4 17.0 17.3 12.5 10.4 14.0 30.4 19.4 15.9 31.4 5.0CN 1280-3 7.3 22.1 29.1 19.0 13.2 9.4 31.1 36.8 27.4 21.7 28.6 6.2CN1229-16 9.0 21.2 24.4 22.1 14.5 9.8 17.4 21.3 17.6 17.5 33.7 5.9CN1280-4 2.3 5.8 12.3 9 5 1.4 0.8 2.3 11.8 17.6 7.1 28.6 2.0CN941-32 15.1 27.1 23.7 43.5 22.6 8.6 27.5 51.5 22.0 26.9 24.7 6.7CN1232-9 12.8 29.2 39.2 30.8 27.4 10.9 18.5 36.6 15.9 24 6* 27.0 6.6AIS35-2 (Cki) 12.4 16.2 25.6 20.5 15.1 8.5 15.6 26.4 15.7 17.3 24.8 4.3AIS0122-2(Ck2) 8.9 12.1 29.6 26.4 14 2 11.8 18.5 37.5 15.1 19.3 19.3 3.7157 (Ck3) 14.7 20.6 30.6 19.1 14.1 8.1 20.8 30.3 18.5 19.6 26.6 5.2Mean 10.9 21.2 26.9 26.8 16.4 10.3 19.2 32.4 18.0 20.2 27.3 5.4CV (0.) 27.0 14.3 26.0 21.9 18.4 15.8 26.0 24.6 25.8 25.5  -zMean v;eld * =sicnificantly hig er tha i-al of lhe SuDerior ccnrtro! Cu ,,,T P r0 C5 Dr, ma ter 

Table 11. Mean yield, regression response index (b), coefficient of determination (r2), mean sQuare due to deviation from regression (S2d) 
for 18 sweet potato cultivars grown in nine environments in the wet and dry seasons of 1983. 

Entry Mean Yield (t/ha) b r2 
S
2d 2 2Entry Mean Yield (t/ha) b r S d


V2.CN1028-15 31.3 1.58 0.80 
 40.7 V1 7,TN57 19.6 0.87 0.78 13.4V16,CN941-32 26.9 1.57 0.79 41.4 V7.AS0122-2 19.3 1.19 0.85 16.0V1,CN1108-13 26.4 1.35 0.81 26.7 V14.CN1229-16 17.5 0.66 0.81 6.2V18.CN1232-9 24.6 1.24 0.78 26.2 V6,AIS35-2 17.3 0.75 0.91 3.5V4.CN342-47 23.3 0.93 0.79 14.4 V11, CN 1229-2 17.1 0.76 0.87 5.5V5.CN1058-10 22.1 0.80 0.89 5.0 V12,CN1229-14 15.9 0.84 0 73 16.6V13,CN1280-3 21.7 1.09 0.63 45.2 V10,CN1221-1 14.8 0.63 0.73 9.3V9,CN1219-1 19.9 1.09 0.79 20.5 V15,CN1280-4 7.1 0.49 0.37 25.5V3,CN1038-16 19.6 0.72 0.36 59.0 Mean 20.2 - V8,CN1216-10 19.6 1.40 0.84 24.1 LSD 5/o 4.81 
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Some cultivars responded differently, such as the highest yielding line, CN1028-15 
Although this cuhivar had a high regression coefficient (1.58), it had an above-average yield
in the low-yielding location of Suilin CN1028-15 appeared to be a good cultivar since it showed 
a high mean yield and yet performed better than the average under adverse environments. 

Fig. 4 shows the relationship between the average variety yield and yield stability of 
the 18 entries tested. Most of the cultivars fell under the category of "average yield" and"average stability". Nearly all high-yielding cultivars were relatively unstable. Low-yielding
lines tended to be more stable yielders in different environments. For example, the lowest 
yielding line, CN1280-4, with a regression coefficient (b) of 0.,V) yielded poorly in nearly all 
environments. 

In correlation analysis, the trials grown tinder the three high-yielding locations (Taipou,
Taoyuan, and Eazt ung) gave tile best correlation with the ove :llmean yield (r2 =0.94); on
the other hand, the two low-yielding locations (AVRDC-wet and Suilin) correlated poorly with 
overall mean icld (r2=0.67. The wet-season yields also correlated poorly with dry season 
yields (r2 = 0.46, hut correlated well with the overall mean yield (r2=0.92).

Furthcr stepwise regression analysis showed that trials conducted under favorlble 
environments gave a better estimate of the overall performance of entries than (hose Linder 
poor environments. As sweet potato is usually grown in poor soils under relatively low-input
conditions, it is important to select cultivars adapted to poor environments. A separate
selection procedure may he necessary to select cultivars adapted to unfavorable environments. 

.6 ] 
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Conclusion 

Based on the 1983-84 trials, selections CN1028-15, CN1028-13, CN1232-9, and CN941-32 
were identified as superior cuthivars with an average marketable yield of more than 24 i/ha
over nine environments. These selections were chosen for distribution to national programs 
for further adaptability tsts.
 

-ligh-yielding selections were 
usually less stable compared to the low-yielding ones. As 
it is di fficult to select stable and high-yielding lines, efforts should be directed towards selecting
lines that perform well in poor environments but have a relatively high overall mean yield. 

Regional Yield Trial of Elite Sweet Potato Cultivars 

for Wet-Season Production in Taiwan 

Introduction 

Tile development of cult ivars adapted to the hot-wet environment is one of the important
objectives of the AVRI)C sweet potato improvement program. In Taiwan, sweet potatoes are 
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grown during the cool-dry fall and winter seasons, since most of the local cultivars do not 
produce well under the hot-wet environments. According to the Taiwan Agricultural Year 
Book, the average yields of spring and su:nmer sweet potato are only abou! 1/3 of the fall crop. 

In order to solve the huge overproductioll in rice and to reduce the import of field crops, 
the 'Taiwan Provincial Department of Agriculture and Forestry (PDAF) decided to conduct 
regional yield triak in cooperation with 'aiwan Agricultural Research Institute (TARI) and 
AVZRI)C' to identify superior cultivars of sweet potaloes for paddy fields in the wet-season. 
Tlhis project was sIartcd in the :pring of 1984. 

Materials and Methods 

Six elite clones developed at AVRIJC and Chiayi (TARI) and two check cUltivars, TN64 
and TN66, were evaluated in seven locations in Northern, Central, and Southern Taiwan in 
the spring and sun nier of 1984 (Table 12). 

The randonized complete block design witI six replications \ as used in all trials. 
Thirty-two plants (vine-tip cuttings) spaced 25 cii apart were planted in double rows on plots 
16 - in size. Basal fertilizer was applied at the rate of 30 kg N/ha, 60 kg POs/ha, and 
90 kg KO/ha; an additional 30 kg N /ha and 90 kg KO/ha were side-dressed later. 

Results 

Table 13 shows the mean root yield, (rt itatter, proteinl, and starch coiteits of all entries 
il seven locationls. Thc yields of thItree AVRDl)C selections, ('N 1108-13, ('NI 232-9, and 

'able 12. Distribution, and planting and harvesting dates of the 1984 spring 

and summer regional yield trials. 

Growth 
Harvesting DurationLocation 	 Planting

Date Date 	 Days)
(Days) 

Spring Trial: 
Taoyuan (Taoyuan DAIS) 03-30-84 09-06-84 160 
Shalu (Taichung DAIS) 04-05-84 08-17-84 134 
AVRDC, (Field No. 103) 03-22-84 08-30-84 160 

Summer Trial: 
Kinshan (TaoytJan DAIS) 04-27-84 09-17-84 143 
Penghu (Kaohsiung DAIS) 05-11-84 10-17-84 160 
Ching Sui (Chiayi TARI) 06-14-84 10-26-84 134 
AVRDC., (Field No 34) 05-28-84 11-13-84 168 

Table 13. Root yield and 	 other yield components of elite sweet potato clones in regional 
yield trials in spring/summer 1984'. 

Root Yield(/ha) Dry Matter Protein Starch
Entry .. . . . . . . .. -... ..--- Beta-carotene 
Name Total Market percentage yield percentage percentage (mg/100g f.w.)

Of dry weight (I/ha) of dry weight of dry weight 
CN941-32 19.2 18.Oe 286 55 ISc 70.5ab 
CN1108-13 260 23 2ab 30.8 8.0 1.5c 67.7bc 3.74 
CN1232-9 2.1.2 22.3abcd 33.2 8.0 3.Oa 63.6cd 
CN1219-1 in3 9 17. Ie 33.5 6,3 2.Ocb 45.6cd 
CN942-47 24 1 22 6abc 31.3 7.5 2.10 63,2d 7.92 
63-74 20 3 19. 1bcde 38 4 7.8 1.8cb 74.4a 
TN64(check) 20.7 172e 32.1 6.6 2.1b 64.9cd 
TN66(check 25,A 23 8a 30.7 7.8 2 9a 64.4cd 5.35 

of h"Me'g11 !;4,,. ',C(-r0 , 
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CN942-47. were not significantly diflerett fom th hest yielding, newly releascd coltrol
cultivar TN66 and yielded significatlv hiliehr thani control cultisat TN64. ()nly selection
CN1232-9 had a protein content comparable !' hat of' IN64. In stich COltell, seleclion 
CN941-32 and 03-74 Nverc signilicntiv hielher tllzbolh colitfol. 

In organoleptic csahiation, ('NI I(1. 13 \\i,a ted iood to eclh.nt and is considercd
promising ot' use as a staple o0dessetl Culliva'.rlhis scleclion 11,S anl oante Ilesl and conftains
3.74 	[iv of'beta-carotene in 100 1! of flesh roots (l atle 13).


Mean,temperatures, ct'tm C soil tYpe)s,
li\Ci
precipitatiots, :and piMps o[1tie lial]s in
each location are sho,\k.n in lable 14. lhese enviroilient,, prlosdcd mntle\cellent oppol tnity
t(,test tile ,Idaptabilitv of [he lmterial,, trnder olIt-Vel 	couditit.,

Fabhle Is Shows thie narketahle root yields of all enities illechIociatiMo. Ill tile sprin
tridls tinder relatively cooler etittlenmnts, ('N1..42-47 \wa,,Ifhe hiuhcest sielder follos\ed by
('N1232-9 and IN66. In the Stliiner trials,, I>66 and ('NI I08-13 listelitl, outyielded other
cultivars in all locations. In general, ('N I 1)8-13, 1N(,6. :md ('N1232-9 performed cotiparativelv
Well underL +>both andHlolIl laintall cotiit,,, showvin beier Yield stat'ilitv than otllels 
illthe seven rovwi, elti+roltien1s. 

The paramlet,..rs lor etittttalinc le \ijehl -abiliity of each entry are listed in lable 16. 
var 	 onee'\ stable cult i., Ihlat pe'lrfs,,ClNllly \\ell 1tntder all ens irotruents and, thcoreCli,:alI,

has the smallst p+>ossiblC r .:re.sslol Coulticicitl (1b), Ie\itio+>n 'rolll reeression (S-dI, al tie 
largest po,,siblC coefficiet of detcrtLtiliitioll (I).

(NI 108-13 had a lo\ reeressoti co tlicictll attd tile lowvest cocllicicttl o',detcerllination. 
flhi,sclection is therefore relatli\cl 't!;ic5iCld across emltirolumlt,. lie same i,truie for 
tle hightest yieldinu check, FN6O,. (I) tatrka,.!'Ic 'ioldand adapl:lllity, IN66 and ('N 110,8-13
'ere comparable. The lowest vieldil cull i\ar, ('N 1219-I, \\as also relativlv sta ble, but did 

not respolld to tile itclees Illfa\or:tIhc tolldttiols. 
Fxcept ('N]232 9, 1totC of tie othCl ettriCs x\ithIt a\erC yield., show\ed low stability

Ws 	 (lie reurcsSiolt ctoeflicient %\a, plollcd zwaitis aseraehent sield (liH. 5 . .\1,clectiotis thus 
respoIdCd Iiti\..l ito favorable elts irttlt'ctits. 

Conclusion 

htia serieS kf 1984 \et-SeaSo trial,,, selctioti ('>N11()8-13, ('N1232-9, and (N9412-47
\xre identified as Superiuo thatn tie conroltt.,li\tr INO14.Thley exhibited ',itiilar levels of

adaptalility to tile Ittsirolttlelst, as Ilie other control ct'tisar, TN66. lBv
\\Cl I ai..,.t 
analyzing tile stability parallclerS, ',cleCtiotis (NI10)8-I 3, ('NI 232-'), and IN66 were slo\\'iitohe relatisely stable ,'ields ttder both aIsorlh tttd tdvetrse cnix irtllttents. Irials will
be contiued it 1985 to identify (lie i1tost superior enlItiCs For the sprin aihd st1Itit I'[)!,ti-.ll;
 
ill laiwan.
 

Selection of Cultivars for Animal Feed and Starch Production 

Introduction 

As a traditional crop adapted to the tropical environment and f'amiliar to tile farmers,
sweet potato has [le potential to play a ilmore importartt role as a major utitritit or energy
source ill the tropics. The development of'cultai\'rs suitable for teed artd industrial uses would
have great value I'or ite tropical Countries. ]'his project is aimed alldeveloping tropical cultivars
with superior dry t at ter at1d starch yields, and beler Iced ttliialiio. effliciency.

This project has three ttajor colllpottetn s. ('tilt sa, \Nili tigh dry-Itlatter yields were
selected for yield aild adaptability test b tile iflatll breeders. le"slecte..d entrie,, were thenl
evaluated y tlie chetimists for ntititiottal t da,siS, digestibility hioassay, ;tnd ltarch determina
tion. The final llo f'cditty- elficiCtCty test is being codtlcted ill cooperation w\ith the 'aiwan
l.ivestock Research Institute. Only the brcedirtit activity is preseted in ihis report. 



Table 14. Growing environment of elite sweet potato clones in the regional yield trials 
of the 1984 spring and summer seasons. 

Season Location Duration Total Temperature (°C)
(days) Rainfall(mm) max. min. Soil Type Precropmean
 

Spring Taoyuan 
 160 1,564.1 32.3 19.4 25.8 sandy loamShalu rice134 976.1 330 
AVRDC, 

20,0 26.5 sandy clay loam sweet potato160 1,434.8 29.7Summer Kinshan 
21.9 25.8 sandy loam mungbean143 1.606.6 31.5 22.1 26.8 sandy loam ricePenghu 160 473.1 33.2 24.0 28.6 clay loam sweet potatoChing Sui 134 555.9 33 8 22,2 28.0 sandy clay loam sugar caneAVRDC 2 168 1.418.31 30.3 22.8

Mean 26.6 sandy loam tomato151 1,147.0 32.0 21.8 26.9 

Table 15. Marketable root weight of elite sweet potato clones in the regional yield trial 
of the 1984 spring and summer seasons-. 

Marketable Root Weight (t/ha)EntrygrnName spring trial summer trialTaoyuan Shalu AVRDC1 grandmean Kinshan Penghu Ching Sui AVRDC2 mean
 
CN941-32 
 39.4a 21.3cd 16.3c 25.7 16.3e 6.6c 9.4d 16.5CN1108-13 12.3 18.031.1bc 24.9bc 24.2b 26.7 32.5a 12.6a 20.6ab 16.3CN1232-9 31.6bc 30.8a 20.5 23.225.9ab 29.4 23.9b 6.5c 18.1bc 19.0CN1219-1 28.5dc 17.7d 16.9 22.315.7c 20.6 21.3cd 5.4c 16.9bc 14.4CN942-47 35.2ab 14.5 17.126.9ab 32.9a 31.7 19.2d 6.5c 18.Obc 19.8 15.963-74Y 27.Odc 20.8cd 27.9ab 22.625.2 15.8e 9.7b 16.Oc 16.3 14.4Tainung 64' 19.123.6d 23.4bc 25.4ab 14.1 22.Obc 5.1c 6.6d 14.0Tainung 66x 34.7ab 22.6bc 11.9 17.223.7b 27.0 32.1a 12.2a 22.1a 19.4Mean 21.4 23.831.4 23.5 24.0 26.3 22.9
LSD 5% 8.1 16.0 17.0 16.0 20.4-

- - - 4.327CV (%) 14.2 14.8 25.6 -ZAny two means having a common letter are 
8.3 25.0 19.2 22.7not significantly different at the 5% level, Duncan's Multiple Range Test. YBreeding line developed at Chiayi TARI.XCheck cultivars developed at Chiayi TARI. 

http:1.418.31
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Table 16. Mean yield, regression response index (b), and coefficient of 
determination (r2) for eight elite sweet potato clones grown

in eight environments in spring and summer of 1984. 
Variety/ Mean Yield 
Selection (I/ha) 
1 CN941-32 18.0 1.26 0.78 30.2
2 CN1108-13 23.2 0.86 0.76 15.1
3 CN1232-9 22.2 1.11 0.91 8.0
4 CN1219-1 17.1 0.86 0.84 9.4
5 CN942-47 22.6 1.22 0.86 16.2
6 63-74 19.1 0.76 0.75 13.0 
7 Tainung 64 17.2 1.02 0.78 18.8
8 Tainung 66 23.8 0.91 0.79 14.2 
Mean 20.4 1.00 0.81 15.4 
LSD (%) 4.327 -

SI 3 *eVI (CN941-32) T -
*V,(. * *V5(CN942"47) 

. r *V 3 CN1232-9) Fig. 5. 
*V?(TN64) Relationship between the average variety yield0o meanlUe09 v8(TN66) and stability of eight elite sweet potato clonesV4.1V49-;0, "V2 grown in seven locations in the spring and

(CN-iO8.1) summer of 1984.o-
e~ 07 V6 (63-74)
 
6 18 20 2? 24 26
 

Averoge Variety Yield (I/ho)
 

Materials and Methods 

For the preliminary yield trial, 13 AVRDC selections with superior dry matter contentand dry matter production were selected from previous trials and evaluated against the twoleading Taiwanese starch/'eed cultivars, Tainan 18 and Tainung New 31, under favorable
environments in tile winter of 1983. Plol size was 20 m2 (80 plants) arranged in two rows
in a randomized complete block design with two replications.

In the wet -season adaptabilit v test, four pror.,ising entries selected from preliminary trials were planted againi from .lntie 28 to December 3, 1984 to evaluate their performance under
hot-Ihtu m id etnvironten t. A randomized complete block design with five replications was used 
in this trial. T-he same control cultivars were used. 

Results 

Table 17 shows the performance of all entries in the preliminary trial during the 1983winter season. Two cult ivars, CN1232-9 and CN1280-3, significantly outyielded the control
cultivars. Seven AVRI)X selections produiced significant ly higher dry matter yields than the
control cutivars. Ten selections had higher percentages of extractable starch and actualextractable starch than thc control cuItivars. These selections have a good potential for use 
as eit her feed or starch extract ill Taiwatn under favorable environlelt!. 

In the sutnnnter adaptability test, all the AVRI)C and Chiayi selections oulvielded thetwo controls significantly (Table 18). lxcept (N1028-15 and CN941-32, three selections had
higher starch percelltages thIant tie controls. Apparen lv, these two Ctltro1 cullivars are not 
adapted to the hot-humid environnitit. 
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Table 17. Selected high-starch breeding lines in a preliminary yield trial in 1983 fallz. 

Extractable 
Entry Grade Appearance Uniformity Yield DMY DMY' starch starch yield 

MKT 

(0/0) (t/ha) 
CN1232-9 A F-G F-G 23.9* 33.4 7.28* 18.6 4.1 
CN1280-3 A F-G F-G 27.0* 34.6 8.02* 18.0 4.9 
CN1424NL-18 A G G 20.2 40.9 7.50* 21.4 4.3 
CN1345-8 A F F 21.9 32.0 7.99* 15.3 3.4 
CN1388-7 B P P 21.5 34.0 7.79* 18.5 4.0 
CN1221-1 B F-G F 16.9 41.5 6.87 25.0 4.2 
CN1216-10 B F G 16.1 34.4 5.11 17.2 2.8 
CNt219-1 B F F 22.1 28.2 7.00 13.7 3.0 
CN1229-2 C P-F F 19.0 35.5 6.73 20.2 3.8 
CN1306-22 C F-G F-G 17.0 - - 

CN1229-14 C P-F P-F 20.8 34.2 7.29* 22.6 4.3 
CN1423-153 C G G 19.1 40.1 7.20* 23.6 4.7 
CN1330-11 C F-G F-G 19.9 29.4 0.42 23.6 4.7 
Ta;iran 18w - F F 12.0 28.2 3.46 15.4 1.8 
Tainung - P-F F 19.7 28.2 5.53 15.5 3.1 
New 31w 
Selected fro 29 entries, transplanted on Nov 16, 198".,hrvested on May 18. 1984: replicated two 
hinies 

siqnifica'nly q thin New (c( ntrol P= 0.05 in the same trial.ighef Tainung 31 cLItti r) at 
YDry mattei 'Dry matter yield. 'Local control cullivars for slach production. 

Table 18. Performance of high-starch lines in the 1984 advanced yield trial in summerz. 

Marketable Total Yield Starch (%) Starch YieldYield (t/ha) (t/ha) (FW basis) (t/ha) 

CN1028-15 P-F F 26.9 27.5 11.3 2.8 
CN1232-9 G G 22.9 23.5 20.5 4.8 
CN1219-1 G G 22.6 23.6 18.6 4.4 
CN941-32 F F-G 20.6 21.1 13.7 2.9 
63-74 G G 20.4 21.4 18.2 3.9 
Tainan 17 F G 18.8 19.8 - -
Tainan 18Y F G 3.5 3.9 15.4 0.6 
Tainung F F 4.9 5.6 17.5 1.0 
New 31Y 

"Tr-nspIanl,.(t on June ',18, 1983 and harvested on Dec. 3, 1984; replicated five times. YLocal control 
culivarS her sliarch uroduction 

Conclusion 

Two AVRI)C selections showed excellent adaptability and starch yield under the hot-wet 
environment. In addition, two other selections ga\c stuperior yield and feeding quality for 
use as animal feed. These matcrials should be usefl in tropical countries. Feeding efficiency 
tests and further adaptation trials in cooperating coututr; 2s will be continued in the future. 

Germplasm Collection 

In 1984, eight sweet potato cultivars and 4,05% truc seeds were introduced From Thailand, 
the Philippines, Indonesia, Taiwan, and the USA (Table 19). The total sweet potato collection 
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at AVRDC is now 1,208. Six of the eight new introductions were reported to be resistant 
to sweet potato scab, and the seeds introduced from tlhe USA were taken from populations
developed for weevil resistance. These materials will be used in the breeding program for scab 
and weevil resistance. 

Table 19. List of AVRDC sweet potato introductions in 1984'. 
Source Material Number 

Thailand clone 2 
Philippines 1 
Indonesia 3 
Taiwan 2 
USA seed 4050 

zntroduced from January to December 1984. 

Germplasm Evaluation 

Introduction 

Three hundred sixty-three accessions were introduced in 1983. These clones were 
multiplied and the established entries, including some old accessions, were characterized and 
evaluated from 1983 to 1984. 

Materials and Methods 

A total of 396 accessions and three check cultivars were grown in the dry season from 
September 29, 1983 to March 13, 1984 (166 days) at AVRDC. Plot size was 1.25 mhe with 
five plants to each plot. Trials w+'ere not replicated but three check cultivars were planted every
40 entries for comparison. Morphological and horticultural characteristics were recorded 
according to the II)GR descriptu, list and AVRI)C Cvaluation pruccdnres. Six mature roots 
per entry were taken as samples for chemical analysis. Although yield data were also taken,
these were viewed only as reference, since plot size was vcry small. These materials were also 
screened by tile entomologis; for resistance to sweet potato weevil and stem borers. Only the 
horticultural evaluation part is presented here. 

Results 

The distribution of tuarketable yield of 396 entries is shown in Fig 6. Yields ranged
frot 0 to 104 t/ha with a mean of 19.7 t/ha. (Note: the mean yield of the three control 
cultivars was 49.3 t/lha). Drv naller contents ranged from 17.70/o to 42.20/o, and starch yields
from 0. 1 to 14.1 I/ha. Some of the cultivars showed excellent starch and dry matter contents. 
Of special interest is tile perforni ancC of cuIi vars introduced from the following countries 
which are described as follows: 

IIA (Nigeriu). In general, IITA materials were high in dry matter content (26.2 to 
38.4%Vo ), with mediun-level yields under A\'RDC condilions (Table 20). Atong the tested 
cultivars TIS2498, 11131487, and TIS1499 seemed to have higher yield potential than others. 
The two orange-fleshed cultivars, I114 and TIS2544, were low-yielding, but had better root 
appearance and tinifornlitv. 

USA. Among tile eight W-lines from Dr. Alfred Jones of the US Vegetable laboratory,
W149 and \V154 had yield potential conmrable to tlie three cou,'0rol cultivars (Table 21). W
lines tended to have low dry tuatter (22.9 to 27.9"O ), with good shape and uniformity. All 
oi" these tnaterials are ora ige-fleshed. 
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Puerto Rico. Table 22 shows the performance of eight cultivars from Dr. Franklin Martin 
of Puerto Rico. These materials had good dry matter content (26.1 to 33.3%) and yielded
moderately under AVRI)(C conditions. Most clones are white or yellow-fleshed, except Trompo 
Negro whose flesh i.i dark purple. The sugar contents of' line 99 and the local starch cultivar, 
Tainan 18, were comparable. 

.Jialin. In general, Japanrese cultivars were l'onnd to be excellent in dry mattel content 
but relatively low-yielding tnder AVR IX(' conditions (Table 23). M,,ost had excellent taste and 
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Taole 20. Performance of sweet potato cultivars from IITA (Nigeria) during 
the 1983-84 dry season at AVRDC.' 

Acc. Variety Marketable Dry General Root 

Matter Appear- Unitor- 0lhNo. Name Yield y(kg/plant) (%) ance mityy
 
1947 TIB4 0.6 32.2 G G 
 05 IITA/ 
1948 TIS1487 1.1 31.1 F F Y1
 
1949 TIS2498 1.2 32.7 F F Y1
 
1950 TIS1499 1.0 26.2 F F W
 
195t TIS3017 0.5 33.9 F F Y1 
1952 TIBIO 0.6 37.8 F F Y2 
1953 TIB2 0.6 38.4 F F Y1 
1954 TIB 0.5 36.1 F P Y1 
19r5 TIS2532 0.6 30.4 F G Y1 
1956 TIS2544 0.3 30.5 G G 04 
1424 Tainan 18(Ckl) 1.4 27.6 F F Y3 raiwan 
1981 Tamnung 66(Ck2) 10 28 1 F G O5Y5 

CN1038-16(Ck3) 1.3 27.0 F F Y3P1 AVRDC 
Population meanw 0.5 28.3 
'
] nilphlr;hfd 
or .!;,pt nd 1--I oi.l tMuch 11. 198, 1166 day!), plot oize -- 1 25 m 

n p-!1 
Y(G good, f :&~r 
(hiv Al, pl)0! 

-- rl1dfr tl,' (', (I- )p1; 1
1
1

1 
, y . ':',l'l ,.'Ir: Y: very nawe y11o,,., Y3 light yellow; 

W .whll , 0 'I dff!q) or:lrl V.',t1hyoHlov) Ii1lqo"'Wl yoIlow with purple !IngejI2, :hh 
+
WM et;rl!of 5" i wlr ,;~#v;idualI(d Inlthl!'5ll+ 111,11 

04 
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flavor. Sonie of these materials arc nowy being used as parents in tilehybridization programto improve dry matter content and taste. The famous Japanese cultivars, Kokei 14, 13eniaka,
and KoganeSenean, yielded very low in this trial.

Korea. Pihilipfines, and Indonesia. Table 24 shows fite performance and characteristics
of the cultivars introduced froln these countries. Compared with the Japanese cultivars, the 

Table 21. Performance of sweet potato cultivars from the US during 
the 1983-84 dry season at AVRDC.' 

Acc. Variety Marketable Dry General Root Flesh 
No. Name Yield Matter Appear- Unifor- Color' Origin(kg/p!ant) (Qi) ancey mity .

1957 W.13 
 0.3 27.9 G G 04 Dr. Alfred1958 W-71 0.4 27.2 G G 06 Jones US
1959 W-115 0.4 27.1 F P 06 Veg. Lab
1960 W-125 0.9 26.1 G G 04 USA1961 W-149 1.6 23.2 G F 05 USA
1962 W-152 0.7 22.8 F F 03 USA
1963 W-154 1.2 22.9 G G 06 USA1964 
 W.178 0.3 27.2 F F 05 USA1424(Ckl) Tainan 18 1.4 27.6 F F Y3 Taiwan1981 (Ck2) Tainung 66 1.0 28.1 F 3 O5Y5 Taiwan 

CN 1038-16(Ck3) 1.3 27.0 F F Y3P1 AVRDC

Population mean" 0.5 28.3
 

"irtaripl)In d : , harvwtedp and on March 13, 1984 (1 i6 days), plot size = 1 25 in? 
(live l pe [pll)plant, 


YG qood. F tjir

03 - light orirl;, 0.1 oraniq. ):p 06:- deepO©) ,eadIy d( oranle, ango Y3 light yellow;
050. :nearly 6'p orinv 'ih y'ellx,,, Y4 1 yellow vvilh' iihl purpl tinge.
 

wtMvl 3 j3 ortrie, f'vltjt- ,r t i tlt iJl
ana 

Table 22. Performance of sweet potato cultivars from Puerto Rico during 
the 1983-84 dry season at AVRDC.' 

Acc. Variety Marketable Dry General Root Flesh
 
No Name Yield Matter Appear- Unifor- Color' Origin
kg/planl) (O) ance, mityy 
11192 99 
 09 297 
 F F Y1 	 Dr Franklin 

Martin 
Puerto Rico11193 Trormpo Negro 0.8 32.3 G G Y2P7111941 Hes 50 08 31.2 G G Y2
 

11195 Hes 54 0.2 
 333 F F Y2

11196 Hes 33 1.0 285 F F Y1
11197 Hes 31 0.6 32.8 F F Y2 
11198 Hes 35 1.0 26 1 P P W

11199 PLJ(erto Rico 0.9 31 7 F 
 F Y2 

local CV II 
1-124(Ckl) Tairran 18 1,4 27.6 F F
1981(Ck2) Tainting 66 10 

Y3 
28.1 F G O5Y5 

CN 03816(Ck3) 13 27 0 F F Y3P1
Population rnean' 0.5 28,3 
Tru r.trq,.,l,,.,I' ' h v.',, c , t.1,cc - 1 1 1)6 plol cjze v 1 25 mI 'i) 

ccc4*
Ii~ 

ri Y1: c rl, .c , . c, i c i[d,:vidlo.v i'h hl y llo, v/- ,d It'i ',,fvry, pale yellow wilh 
"..'' h )*ir 

$[ 	
ccl,,0r'Y" ditfil Or{ir,6 tingell,lgn" 0 Ortr ,tlft,c i , re t it,,! II1	 

vll' vii ila Inc cctlt' 
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three while-fleshed Korean selections showed better yield potential with acceptable dry matter 
contenlts. 

Cultivars developed by Dr. Saladaga in the Philippines also showed good yield potcntial
and acceptable dry matter con tent. They are now being used in tile hybridization program
for resistance to sweet potato scab.

nThree of the Indonesian cultivars also yielded well. hFilecutivar l)ava is also beng used 
for to!erance to wee il in ou r program. The seeds will be sent back to Dr. Soenarvo in Indonesia 
for selection. 

Conclusion 

0)f the 396 accessions evaluated, 21 w,ere identified to have high dry matter content (35
to 42.7%), \with Kywht1 29 and Kyushu, 48 froin .apan, and TIB112 from IITA as tie outstanding
cultivar. I wenty-txs o ctiltivars showed superior dry matter yield potential, with Kinmen 18,
I'1S2498, Simi, W149, and If1-S35 among tlie lop; 28 showed excellent protein content (9.1

to 1311); and 17 indicated Lood total biological vield (vine plus roots). These materials will 
be evaluated flihcr inl scparate trials to verily their outstanding characteristics. Cultivars 
showing superior .iclds \%ill also be tcsted in replicated trials for adaptation to the hot-wet 

Table 23. Performance of sweet potalo cultivars from Japan during 
the 1983-84 dry seasun at AVRDC.:' 

Acc Varety Marketable Dry General Root FleshNo. Na..NNarne Yield Matter Appear- Unifor- Color' Origin. . (kg/plant) (o0) ancer miyg 

674 Shiichifuk 04 36.1 F F Y1 Dr. I. 
Tanabe
 
Japan

675 Naeshirax 06 30.3 P P Y1i
 
676 Kokei 0.3 32.0 
 F F Y1
 
677 Tsuruna Shige-Nji 0.1 33.8 P P Y2
 
678 Hayato-tmo 0.3 29,0 P P 02
 
679 Beniaka 0.2 32.0 F F Y2
 
965 Kyushu 48 0.6 39.1 F G Y2 
 Kyubh,; 

National
966 Tsukumoaka 1,0 28.9 F F Y1P2 Agr. Expt. 

Sla. 
Japan


967 Kyushu 59 0 2 42.7 P P Y1
 
968 Kyukei 7492-2 0 7 34.9 
 F F Y1
 
969 Koanesengau 0.6 372 
 F F Y2
 
970 Minamoyutaka 0 4 33.9 F F Y2
 
976 F53-6 0 6 349 F P Y2
977 Kyukei 17-3028 05 292 F G W
 
978 FV 62-41 03 333 F 
 F Y2 
979 Tinian 0 9 323 F F Y1
 
1424 Tainan 18 (Ckt) 
 1.4 276 F F Y3 Taiwan
1981 IariungK (36 (Ck2) 1 0 28 1 F G O5Y5 Taiwan 

CN1038-16 jCk3) 1 3 27 0 F F Y3P1 AVRDC
 
Population niean' 0 5 28.3
 

" ,'T ,Jr ..j~l*rt .,l : ,.. , , t I., t,.] rt M ,irch'It 1 1 )8:,.1 (106(- day,;) plot ,,ile - 1 25 rn;' 

.,%lI-,.*( r . . .*..,. . Y;-, h1 yI lov . W ,,°,'i li O: v ry light o ailnge; 
r. . , ..p ',.l it;p ".r 1 hlrjhl yellow. w.ithh riurplf, Itrie. 0')r! - deep oranqe 

'M ,',i y , ', "!!o 
 i f i' 
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Table 24. Performance of sweet potato cultivars from Indonesia, Philippines, 
and Korea during the 1983-84 dry season at AVRDC." 

Acc. Variety Marketable Dry General Root Flesh 
No. Name Yield Matter Appear- Unifor- lOrigin 

. . . .... . . (kg/plant) (0i) ance mity G 
11166 Hong-Mi 1 2 28.0 G G Y1 Korea 
1167 Sin-Mi I4 27.9 F F Y1 

11168 Huang-Mi 0.1 24.8 P P Y1 
11173 V2-1 0.9 25.4 F P 03 Dr. Saladaga 

Philippines 
11174 V2-3 1.1 27.3 F F Y201 
11175 V2-30 0.8 28.3 F F Y401 
11179 No. Kode. 4 0 8 29.9 F P Y1 Indonesia 

Klon: 112-37 
11182 No. Kode: 37 1.0 28.4 F F Y3 

Klon 17-5 
11183 2 Ind 12 26.0 F F Y101 
11186 Daya 0.,1 25.6 F F Y101 
1424(Ck 11 Tarnan 18 1.4 27.6 F F Y3 Taiwan 
1981(Ck2) -ainung 66 1.0 28.1 F G 05Y5 

- CN1038-16(Ck3) 1.3 27.0 F F Y3P1 AVRDC 
Population mean" 0.5 28.3 - .. 
TrmIl,jr, 1 ,,,- .,K' ,rd ;'twd ton 1:11984 plot sizer 12.5 rn-',,r i ' imj irch (166 days). 

lfhvoD , Irq
-,r pl"Iji 

YG q rro r tli 
'YI -re;iirI. y, hj(f y .lovvW lih t oiiariqe YI01 - nearly while with pale orange 
Y'(1 very pidt-yelIIrv. ,ithpurplh tingt. YOPl hqhl yellov wtth purple hg. YIO1 -moderately 
vuytev ['h iraptt deep orrinqe vilh yellow liqoptirf)1? 05'Yh5 


w.~airnf1'.- ntiflt-atv;l In Ill(, hrial
dInte; %arn 


International Cooperation
 
Distribution
 

A total of 11(0 sets of' sweet potato breeditig lines and accessions were sent to 99 
cooperatoris ill 44 countries in 1984 (fable 25). 

,\lost of the materials were sent in tueristen-cult trc form. A new distribution system 
using siall ,irls-lree storage rorts was developed at AV'RDC to stpplelent the tissue-cult tre 
test-tube tati as distribulion mtaterials. File new system isexpected to expand tile nullber 
of' s%\et potato samples distribtilted to the cooperators, and most im;iortantlv, to provide a 
sat', rliable, and CtfliciCnt Ietho)d to our ititeriational s'+eel potato testitig plrojels. The 
:esIltaraltine sCrccnhOlsc funded hI11l1(\I, will also le tsed to produce virus-free roots 
of the elite gCt1 plasutl for distrilitttioti. 

Variety Release in Tahiti 

s(,s recetily released to farmers in French 
Polynesia, as reported by Mtr. Jean ILotis Reboul of ite IRAI/('RI)AT Mlission in Tahiti. 
Five of these AVRI )("- s,et licl;ato selections, t'N942-47, ('N1138-16, ('NI038-15, (1590-33, 
and ('1591-14, were recotltleltded to farnlers bCcatse of their high yields, early maturity, 
aid giod quality. selectionls yielded frotii 50 to 90 tlta Comipared with 10 to 

.\ nuniher of .,\\RI)( eel polato selectiotts were 

ca-ilt 1lfcse 
20 1I/a for itlost local cU!lails s ill aoll-ltlotl t'rowine period itl trials coniducted for three 
seasons in latili (ablc 26). 

It additiott, thC IR.l s,.iCltists successfully tised the .\VRI)( gertiiplasll as parental 
stocks IItoimlros e local tnlti'ars. Seve.n i reeditnp liites \\ete selected hv te IRIT scientists 
for their breeding progralli . 
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Currentfly, these stperior selections are being inultiplied in aiti and nearby islandsfor distribut ion to farirrer,. A C;i1alo., decCribing them was prepared by the IRAT scientistsin TVahiti for the estensli .'orkcrs and ililtrc,ted persots il J-nch Polynesia. 

Philippines 

,h. Antonio k. \",.'l,,o, a fori..r AVRI)' training scholar from the Visayas State(olleLge of, Auricutilre (ViS(SA), Conducted a trial comparine lilC CUltivars fromi AVRDClipdins 
 three contlol ctli\.ars deCelopcd h\ tie llhililiitenC Root Crops Research and 'r-ainitigCenter at Bia yl , I cye lrol A prit o iretnst 198-1. Three AVRI).C clones outvielded tlehest corntol cliltval V'S'-I (lable 7). lhe ViS(U'A researchers were satisfied withperformance of' AVIl.)(' materials, part iculatrly 
the 

selection (iN 1232-9 which was recommendedfor himian cont,tlion becaue of i tatstc and appeartice, and for feed or starch production.Mr. Pedro U. lobias, he;id of the Rolitualde/ .\pCrincnl Stationll n Babatngonu, [ecyte,and :dso a foirmer A.,\'lI)( traininu, schlal, evaluated a series of ,\V I( selecticons in 1983and 1984. In tie replicated trials conductcd frotm March to .hdilv 1984, only a few AVRI)Cmaterials pCi formcd as s\ell as the local check cuhtriar. Most of tie AVRI(' selections werereportedly susceptible to sweel potato scab, tIhus, reducin_'vtie Yicld. ('11139-17 which prodticed28.5 t/ha of' marketable roots compared to 23.9 t/ha Of' tle sllperior check cultivar, Kabiti,appeared to he tire only AVRI)( clone lolerant to tie scab dib.case (Table 28). 

Table 25. List of AVRDC sweet potato seiections sent 
to cooperators in 1984. 

Area No. of Country No. o Package' 
Asia tt 58Africa 11 22
Americas 14 21
Oceania 7 8
Europe 1 1
Total 44 110 

'Confta iring 1,"Ckiltivaii,(.leiCioI 

Table 26. Yield, eating quality, and origin of the specially recommended sweet potato
cultivars in French Polynesia.? 

Selection No./ Year _ Yield (t/ha)

Cultivar Name PeG,;qree Origin Introduced/ 4th 5th 6th Quality
Collected month month month 
CN942-47 
 ( . . AVBA-RDC 1983CN1028-15 60 50-70 - 1P1344129/B6708(OP) AVRDC 1983 50 70-90 -. 2 

//157(OP)-4

CN1038-16 P1344129/Red Tuber AVRDC 1983 
 50 40-50 - 1 

Tail/OK 6-3-118/// 
157(OP)-4

C1590-33 Poly 157(l) AVRDC 1979 46 - 60 4-5C1591-14 Poly 157(l) AVRDC 1979 38 49  4Au Marie - Pierrot 1969 - 12-15 15-32 1Vareau Tuaiva
Maareva Tahiti 1981 - 15 20-50 1-2Vehi Tahiti 1981 - 25 20-30 1N'7 Aui Marie Vareau/ Tahiti 1981 - 15-35 -- 1-2 

C1591-14 (IRAT)'SotJicif J t.HilJI T-litu tT;,iiii ,idH Y ati-AkLJ !981 CillZ.tlo(Juta des puincip;iles va i.tes existant en
 
polywsleFra (ic11i
! C1RDAP/IRA1 
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In the Philippine highlands, Ms. Zenaida C. Nisperos and Ms. lnes C. Gonzales 
conducted trials to evaluate AVRDC and ViSCA selections during the dry season from 
November 1983 to May 1984. Among the AVRDC entries, AIS0122-2 was the most promising, 
being the second highest yielder in the trial (Table 29). 

However, its percentage of marketable roots was quite low dle to their irregular shape.
CN1108-13 and CN1028-15 were also identilfied as promising in the same trial. The local 
cultivars were generally preferred to the AVR D cutries, except 1444, in taste. In addition, 
AVRDC materials CN1108-13, CN11038-16, and 1-430 were reportedly susccptible to sweet 
potato scab. 

Indonesia 

Mr. Afriadi laudin of the Sumatra / gricultural Research Ilsttuite f'or Food Crops 
(SARIF) in Padang, Indonesia, reported that clones selected l'ronli irtc sceds pro\ided by 
AVRDC performed ve,,r sell in replicated trials colducted in 1983. Iour selections yielding 

Table 27. Performance of AVRDC sweet potato selections
and control cultivars in ViSCA, Philippines. 

Number of Root Yield 
Entry Plants Weight/Plot (t/ha) Origin

(kg) 

CN 941-32 19 4.5 7.5 AVRDC 
CN 942-47 20 8.0 13.3
 
CN1028-1E 19 12.0 20.0
 
CN1108-13 20 14.5 24.2
 
CN1229-16 20 8.7 14.5
 
CN 1232-9 20 13.4 22.3
 
CN1308-1 19 6.5 10.8
 
157 20 11.3 18.8
 
1981 19 17.0 28.3 
VSP-1 20 12.4 20.7 ViSCA, 
VSP-2 19 11.0 18.3 
VSP-3 20 9.4 15.7 

zData provided by Antonio Rizalde Veloso, Visayas Slate College of Agriculture 
Philippines, plants !ransplanted on April 16, 1984 and harvested on Aug. 7, 1984. 

Table 26. Performance of AVRDC sweet potato selections
 
and control cultivars in Leyte, Philippines. z
 

Entry Marketable Wt Total Wt Scab
 
(t /ha) (t/ha) Rating 

C11088-11 15.8 16.6 5.5
 
C1953-22 13.5 15.6 1.5
 
C11077-9 16.4 17.1 1.5
 
C11098-5 12.9 13.4 6.5
 
C1983-4 15.4 15.7 6.75
 
Cll 139-17 28.5 28.8 1.0
 
C1975-7 15.5 16.0 2.0
 
CI1124-4 14.9 14.9 6.0
 
LS27-12 11.6 11,9 2.5
 
BNAS 51(Ckl) 10.0 10.4 1.0
 
KABITI (Ck2) 23.9 25.9 1.0
 

'Data provided by lf'dro C Tobw;, RrOiuaIldez E'prer irrnt Station. Babatngon, Leyte, 
Philippines, plant!; Ian,#p inhd at Rf),1in,,ibalngon, Leyte on March 22, 1984 and 
harvwn;led on July 22. 198.1. replicated tour lirnes; 
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from 29 to 37 t/ha significantly outyielded the local check cultivars, Daya and Racik Merah 
(Table 30). These lines were selected for the regional trials in 1984. 

Crosses are being made bctween AVRDC lines and Indonesian scab-resistant cultivars 
at AVRDC. These seeds will be sent to l)r. R. Socnaryo at Bogor for further selections. 

Thailand 

Two trials were conducted at the AVRDC Thailand Outreach Station at Kamphaeng 
Saen. The first trial evaluated six cultivarS from November 1983 to March 1984. AVRDC 

Table 29. Performance of AVRDC/ViSCA sweet potato selections 
in the Philippine highland.' 

Entry Yield AveNo.of Roots Origin 

(!/ha) Per Plant 
ALS0122-2 59.2 7 AVRDC 
CN 1108-13 52.9 9 
CN1028-15 51.6 5 
1444 44.1 9 
CN1038-16 38.7 5 
157 37.9 7 
1430 34.9 7 
V3-1 1 59.8 8 ViSCA, 
V3-2 57.2 3 
V2-72 54.4 10 
V2-1(VSP 1) 52.5 9 
V2-47 50.0 7 
V2-45 44.6 5 
V2-30(VSP2) 38.7 6 
V2-3(VSP3) 33.1 5 
BNAS-51 31.0 4 
Georgia Red 29.7 5 
CPU 13 23.3 7 
Kalbooy(Ck 1) 57.6 6 highland, 

Mabucag(Ck2) 19.8 
Philippines 

4 " 

zData piOwtod(1 by zr;namai C N.pero;, Mounlan SthiteAoricultural College, La Trinidad, 
3enquet. PhhliFrim!h, phl9; trim.,r~ihd on Novweber '). 1983 arid harvested on 
May 16. 1981 

Table 30. Preliminary yield trial of sweet potatoes in Indonesia.' 

Entry Yield HarvestingEntry. . (t/ha) Index(O/o) 

17-5 20.4bc 47.9 
1307(OP)-Sr-1 t 19.3bc 48.8 
1307(OP)-Sr-1 18 22.5b 50.0 
1307(OP)-Sr- 129 18.Obc 54.5 
CI688-24(OP)-Sr-129 15.4c 20.4 
C1478-5(OP)-Sr-9 37.Oa 64.6 
1535(OP)-Sr-61 7.4c 41.5 
C1916-,16(OP)-Sr- 11 29.3a 77.4 
CI916-46(OP)-Sr-32 29. 1a 59.1 
C1478-6(OP)-Sr-2 29.8a 57.4 
Racik merah (Ckl) 20.6bc 45.5 
Daya (Ck2) 23.2b 56.1 

't)it; ,invr.-d hy M iA adi IIiaudin . hndonie,ia. phi! transplantedSAI PadMiarq 
Iii M.I;iriC 1105A ltI In S1pI)l 19W:. replcled Ilire 11i, ,r[ haive 
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Selection AIS0122-2 was the second highest yielder in the trial. It outyielded the local cultivar 
Pakchong #3, but was infleri,'r to Pakchong #9.

A second trial evaluated 12 AVRIDC selections/accessions at the same ttie at 'FOP.Only selec,n CNI028-15 17.3 t/ha) siLnificanily outYielded the best local cutivar Ungbuay
(12.4 t/ha). The taste ol CN1028-15 was reported to be soggy and unacceptable. 

Bangladesh 

1hie Bangladesh Agricutural Research Institte evaluated 24 sweet potato ctltivarsintrodunced froni various sources, including 11TA, Philippines, and AVRIDC in six differentlocations, to study their yield and qualityv. Five ctiltivars were selected for final ev,,athtionon tile basis ol yield, weevil resistance, keeping quality, and beta-caroternc content. Aniongthen, AIS0122-2 'was a possible candidate for release to tlie ;arniers owir.n to its high beta
carotene content, yield, and good appearance (Table 31). 

Table 31. Performance of sweet potato cultivars in regional yield trials in Bangladesh. 

Yield Beta-carotene WeevilEntry (t/ha) (,g/100 g) Damage Origin 
(0/0) _______

tB-BAS Whitey 40.9 612 27.5 Philippines
Cinihiy 41.2 134 23.1AIS0122-2' 36.6 6837 23.8 AVRDC
AIS209-3 34.0 7360 18.6
 
AIS243-2 35.8 252 
 8.8
AIS243-2-1 34.9 156 38.6
C1489-1 36.1 257 31.7
C1548-3 34.9 -
TIS3032 34.5 32.0 

13.9 
14.0 IITA, NigeriaUSA No. 1 40.7 125 11.02 USA

Tiniriningv 41.0 515 16.4
 
'Dalt preparod )'¢ Mi M ,, lashid, 
Annual Reporl 1982-83, Bangladesh Aqr Res Inst. Joydebpur.

Bauglade!;h Yl_t1iitwi tdeiSclod fOl trials.
further 



Sweet Potato Entomology 

Search for Germplasrn Sources Resistant to Sweet Potato Weevil 

Introduction 

Swet potato wce, il, F'v/us'/uricuHi.s'/oruzuuriusF (( Aleoptera: Cnrcilioilae), is the 
most destruclie pest ol v,elt pOtat i;1n the t,'pics. ihe larva .id adults feed on sweet potato
roots and crowns. Weevil 'eedinig cit her in roots or sterns docs not reduce the vield, but the 
(ialit~ Vof i lef,.sted roots is impaired ,'en by slight pest damage. In order to control (his insectcheaply and effTclively, sweet potalt,i. rmlasrn has been screeleC1d since 1975 to identify sweet 
potat(o accessiow: resi'lant to( this pest. Two tests were conducted duning 1984. 

Materials and Methods 

Sveet ptlato accessions were planted between two weevil-source rows ill a sweet potato
weCevil ntrsery \where a susceptible cultivar was planted in source rows ten weeks earlier and 
was ia tested by releasing laboratory-reared weevils before. transplanting the test materials. TL.e 
crop was grown hy traditional cultural practices, except that no insecticide was used. At harvest
the root, ,.-r e .altnated I'm weevil intest'ition by cutting open each root and counting the
number of larvae, ppae, and aduhls iuside. The damaged and hcalthy portions of each root 
were also separated, and by weighing tile damaged par!, damage percentage was calculated.
Weevils feeding oii the crowii %%erealso recorded. Insect col and root damage percent age
dala \were s.lalislicallv aailyzed to select relatively less affected accessions inl each test. 

The l)iicali'+,sNliltiple Ranlie lest was used ill tile first screening which had a siirall
itiitrher ol citric,. Il the .':ord screening where a large Iinher of' iewlv iltroduced accessiotis
 

were screeICL, the llcnlli itiinher of 
ilsccls (lavc pupae v adults) per kilograiir of' roots 
and the nieai pelrceitaLe of dariiaged root" v,ere sibjected to statistical analysis based oil
Ieaii aiid stiidarl dle,alOll (sd). I liCacc'essiols th at had insect Ilniber 01' damagle percentacge
less than mean -2sd ,\cre considered highly resistant (l1lR); between mean - sd to mean 
-2sc, iioderatclv rc,,israut (IR): bh: ceni ican and mealn -- sd, with lo\ resistance (I.R);
lbet, ican and iiieatl 2sd, SusCeptilfe (S); anid more thiaii ican --2s+d, highly susceptibleeeii -t 

Results 

Firs test.'[lie 84 entries included in this test were selected Ironi 1983 tests at Penglit
where soic oftlhe accessions were lea',t damaged and ot hers did not gi,.e adequate vield.
These Ctiies werc plaited alonu \ itI known susceptlile checks inl four replicate tests. Few
entries that yielded less 1h1ni I kg.'plot were nt evalited. The results of' weevil 1number and 
percentage of damaged roots of least daimaged otis, along \witllIone swcept ible check, are
stlnarized in Table I. Fight accessions out of 58 esalliaed showed considerably less weevils
atid damaged roots lian the rest. Accession 1413 w%,inch was resistant i1llast 'ear's lest at 
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Table 1. Performance of selected sweet potato accession 
for resistance to sweet potato weevil.' 

Accession No. Weevils Damaged Yield 
No. per kg Roots Roots (%) (t/ha) 

1207 2.2e 1.11m 1.8 
1228 0.Oe 0.Om 3.2
1229 0.4e 1.3klm 2.9 
1281 0.3o 2.2.km 7.7 
1306 0.9e 0.5m 2.1 
1376 1,7e 1.5klrn 10.2 
1407 O.Oe O.Om 2.3 
1413 1.6e 19jklm 3.2 
1117y 

87.6d 33.6a 10.0 
,ZPlanting date Oct . 1983 :, v' t dt Matrch 12, 1984. plot Size: 5 rn x 1 rr 

Data shown iw rnn.,i,; f ftit our1 aNical vto, column followed by
the same loUtlr a'- rlot c !rntl v diteroni at 8!t,5. level ;accoidino to Duncian' 
Mititipl Rru ;t Suce .8 ock'F.1 trble 

AVRI)C was also resistalit ;11 thi.s seir's test. IIovever, ellries,, 1152 antd 1,116, whichtwo 
were among the least datnaed it the 1983 AVRI[l" test, were stisceptihle itt tite 1984 test. 

Since wide variations ill sseev~l (dalllcoC to!,"lie san11e accession is Cmmon1oi in sweet potato,these eight accessions will he 1 arthcr s,,reeeud to coithri resistance before inclulding them 
in our resistance hbreelitng pro'rati. 

Second test. Ill tile secontd rest, we screened 549 newly rcceived accessions from Papta
New Guineic in a noiteplicaled tril. ,,\t arvest the iltllllber of insects per kilogram of roots
and the percenitae of* datnaned roots '.,\eedetermined. There was a %,ide variation il weevil
infestatiott. Ilte nttlibet of weevils per kilorait of roots rat.ed from 10 to 386 and the 
percentage of rintot datace, from ( to 38.6. Since a largec nutmber of entries fell nrtder theresistant! cateyotv, 56 accesiJols \ilhIio weevil daniage were se!ccled for ttItireplicate
colifitittatorY creelting il late 198,4. The resth, of this test will ie reported i 1W985. 

Second Screening of Selected Sweet Potato Accessions for 

Resistance to Sweet Potato Vine Borer at Penghu Island 

Introduction 

Sweet potato vinte borer, O)ntphisa anaslniauslis(I.epidoptera: Pvralidac) is a seriouts 
pest of sweet polato all over Asia, especiallv itt semiarid regions. lie larvae of this insectbore into tie vines and feed coicealed inide. .\t times they also atitack roots, especially those
closer to the soil stllface. lteir iffc,tatiot of ties results itt tip to 5011o yield loss. lit 1981,we idenitified two accessions \, ith atitoderate lescl of resistance :o this insect. These accessiotts 
ar ito\\ ,eilt used ill our resitaimce hreeding prograit. In 1984, 43 accessiotis Were screened,
inclndittMt'\ 0statldald rSist'l atd f'onr kot snusccp!ibl.' checks, for a second confirmation
of tlieir resist',ln'ce. lhii itse,,c' of tlitee icces sions were less dattiaged in it test at Penghlt 
islld ill 1983. 

Material and Methods 

A 0.3 ha piece of lattd \was rototilled, applied vith basal fertilizer, and worked into
I ill wide beds. Ilthse beds \ere tnrther divided itlt1 5 Itt lobg plots. Stern cuttinlgs of Cach 

entry were plnt ed as a single raw; oft the top of tlhe bed. Each accession Itad four replicates 
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arranged in a randomized complete block design. The crop was raised according to customary
cultural practices, except that no insecticide was applied.

A week before the crop was to be harvested, each entry was observed for vine borerinfestation. Vine borer infestation can be easily judged by the presence of adult escape holesat crown position and the presence of frass resulting from larval feeding activity within thestem. Such frass gets accumulated at crown position. As a consequence of larval feeding,
vines, especially near the crown, become hollow.

Vine-borer-infested and total number of plants were recorded, and the damage data were
converted to percentage of damaged plants for comparison. The mean percentage of damaged
plants in each accession wa compared by Duncan's Multiple Range Test. 

Results 

The results of the vine borer infestation are summarized in Table - The infestationranged from 0 to 56% plants. Six accessions, including one standard resistant check, 192,were free of vine borer damage. One accession, 1695, had only 1.4% plants damaged. In general
insect population was low, thus, their distribution was not even: as a result, some accessions 
escape damage. For example, 12 accessions that had no damage in the 1983 tests sufferedvarious levels of damage in this test. These seven accessions will, therefore, be evaluated at
AVRDC with the release of laboratory-reared insects and again at lenghu in i985. 

Table 2. Infestation of selected sweet potato accessions 
by sweet potato vine borer.' 

Accession No. Damage (0b) 
1582 0.00i
 
1656 0.00i
 
1708 0.00i
 
1780 0.00i
 
1789 0.00i
 
192Y 0.00i
 
1695 1.38hi 
AIS35"2' 38.88bc 

zData are means of four replicates. Means in each column followed by the same 
letter are not significantly diffeient at the 5% level by Duncan's Multiple Range
Test. YStandard resistant check. xSlandard susceptible check. 



Sweet Potato Pathology 

Survey of Sweet Potato Viruses in AVRDC Fields and
 
Evaluation of the Survey Method
 

Introduction 

In 1983, a survey of AVRDC sweet potato plantings was conducted for SPV-A. The 
symptoms commonly associated with SPV-A were chlorotic spots, red rings, and mottle.
However, S'V-A was not always detected in leaves with these and other symptoms.
Furthermore, symptomless leaves sometimes were also found to contain SPV-A. This was
attributed to the presence of viruses other than SPV-A which might produce similar symptoms, 
or to an uneven distribution of SPV-A within the plant, or to both. 

The first part of this assumption was tested by surveying AVRDC fields for both SPV-A
and SPV-N, the other common sweet potato virus in Taiwan; the second part was tested by
examining five plants showing prominent symptoms for the internal distribution of both viruses. 

Materials and Methods 

To survey for the presence of SPV-A and SPV-N in AVRDC fields, a total of 305 samples
were collected in 1984 from plants with prominent virus symptoms. Of each plant, one leaf 
showing clear symptoms was homogenized (1:10) in ELISA extraction buffer and tested
by ELISA using a dilution of' 1:500 of conjugate and gamma-globulin for both SPV-A 
and SPV-N. 

To determine the distribution of SPV-A and SPV-N within plants, four plants were
chosen in which SPV-A, or SPV-A and SPV-N were previously detected. From each plant,
all the leaves were collected and tested individually for the presence of each virus by ELISA, 
as described above. Stem pieces, 2 cm in length, from the base and the tip of each stem,
and from the side branches were also examined. 

Results 

Of 305 field samzples, 12 were found infected with SPV-A. SPV-N was detected in 86
of 251 samples tested. The symptoms associated with SPV-N were similar to those of SPV-A:
chlorotic spots, purple spots, and purple rings. In this survey, neither SPV-A or SPV-N could 
be detected in all leaf samples showing symptoms. The presence of SPV-N in AVRDC fields 
may thus only account in part for the fact that in last year's survey SPV-A was not detected 
in all plants showing typical virus symptoms.

Testing individual leaves of plants for both viruses, however, clearly indicated that 
neither SPV-A nor SPV-N were evenly distributed within the plant. The viruses could not
be detected in all leaves showing symptoms and were also found in symptomless leaves (Table
1). The percentage of leaves with SPV-A was found to be much higher than those with SPV-N. 
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Table 1. Incidence of SPV-A and SPV-N in individual leavesz. 

Plant I Plant 2 Plant 3 Plant 4 
Symptom (1-13) (1-13) (1-18) (1-387) 

T A N A+N T A N A+N T A N A-+N T A N 
I No symptoms 59 21 2 2 18 13 4 4 125 23 11 6 93 22 0 
2 Purple rings 5 3 0 0 10 8 6 6 - .-- 7 4 0 
3 Purple patches 19 6 0 0 25 17 21 13 39 5 3 2 11 4 0 
4 Purple margin 8 1 1 0 14 6 1 1 . . . . .. . . 
5 Purpling 17 2 1 0 4 1 0 0 . 18 0 0 
6 Chlorotic spots 99 59 4 3 6 2 0 0 88 12 13 5 8 0 0 
7 Yellowing 2 0 0 0 . 1 0 0 0 - - 

8 Mottle 11 5 1 0 . . . . . . . . . . . 
9 Crinkle . . - . . -.----- 0 0 
6+2 3 4 0 0 - - ------ - 1 0 0 
6+ 5 2 1 0 0 . . . . . . . . . . . 
6+3 32 27 0 0 5 4 0 0 2 0 0 0 2 0 0 
6+4 4 3 0 0 . .-. -.--- . - 

7 + 2 . . . . . . . . . . . . . . . 
8 + 2 3 0 0 0 . . . . . . . . . . . 
8+6 - ------ - 3 0 0 0 - - 
8+6+3 -- ------- - 4 0 0 0 - - -
Total 264 132 9 5 82 51 32 24 262 40 27 13 140 30 0 

IT = total no of leaves sampled; Az positive for SPV-A; N = positive for SPV-N. 

Conclusion 

The results of this study indicate that an ELISA test of one or a few individual leaves 
per plant may not be adequate to determine if a plant is infected with these viruses. To ascertain 
whether meristem-derived small plantlets are free of SPV-A and/or SPV-N, it may be necessary 
to excise all leaflets and pool these for testing by ELISA. Although ELISA is considered one 
of the more sensitive serological methods, additional testing of meristem-derived plants by
grafting to susceptible indicator plants is recommended for future virus indexing of meristem
derived plantlets. 

Virus Indexing of Meristem-Derived Sweet Potato Plantlets 

Introduction 

For the import of sweet potato germplasm, many countries require a phytosanitary
certificate indicating absence of virus. One practical and efficient way of freeing vegetatively
propagated plant material- from virus, is by meristem culture because it has been shown that 
viruses usually do not move into the apical cells as soon as these are formed. The ease with 
which meristems can be rid of virus depends on the particular host and the virus. Subsequent
testing of meristem-derived plantlets for the absence of viruses is, however, paramount because 
it can not always be assured that the excised apex does not contain a few cells where the 
virus has already become established. 

Materials and Methods 
Meristens of 16 sweet potato breeding lines and five accessions were tested. Two leaflets 

of meristem-derived plantlets, and 6ne leaf each of plants, rooted leaf cuttings, and of plants
derived from roots of the leaf cuttings were tested by ELISA for tile presence of SPV-A and 
SPV-N Por the detection of SPV-A, antiserum to the common strain of feathery mottle virus 
(FM V-C), provided by J. W. Moyer, North Carolina State University, Raleig, USA, which 
was previously shown to react positively with SPV-A was used at a dilution of 1:500 for both 
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the coating gamma globulin and the enzyme conjugate. For the detection of SPV-N, dilutions
of 1:1000 of both coating gamma globulin and enzyme conjugate were used. 

Results 
The results of the virus indexing of the individual breeding lines and accessions are shown

in Table 2. Of the 2,151 leaf samples tested, 26 were found infected with SPV-A and 1)6
with SPV-N. The relatively high percentage of meristem-derived plantlets found infected with
SPV-N (11.807o) compared to that of plants infected with SPV-A (3.8%) indicates that the
first mentioned virus is probably not as easily eliminated through meristem culture as is SPV-A.
However, for both viruses the actual percentage may be higher because it has been shown
in another study that both SPV-A and SPV-N are not evenly distributed within the plant
and, thus, may not be detected in every leaf in an infected plant.

The presence of virus in both plants(R) and rooted leaf cuttings(R) is most likely due 
to the fact that SPV-N may not be as easily eliminated through meristem culture as SPV-A
(Table 2). It may also be caused Ly the fact that with the present method of virus detection, 
particularly that of SPV-N has remained unnoticed in some of the original meristem-derivedplantlets. However, the presence of both viruses in plants and ooted leaf cuttings may also
be caused bN re-infection by natural vectors in the provisionary screenhouse where the plants 
were kept. 

Conclusion 
In the future to assure freedom of virus, it may become necessary to use all the leaves 

of the meristem-derived plantdets for the ELISA test instead of only two leaves, as was done 
so far. Additional tests at -t later stage, such as grafting to susceptible indicator plants, may
also have to be used. To further reduce the presence of virus in meristems, heat treatment
of sweet potato vines or tubers prior to excising the meristems is.recommended. 

Table 2. Presence of SPV-A and SPV-N in meristem-derived plants.-
Plantlets from Plants from Node Rooted Leaf Mature PlantsAccession/Line Meristems (M) Cuttings of M(P) Cuttings from P (C) Derived from P (R)

T A N T A N T A N T A N 
AIS35-2 18 - -- 2 - - 342 - 11 12  -
AIS0122-2 18 1 - 10 -  239 - 12 -  -
CN1038-16 50 
 - 3 19 - 2 170 1 - 
CN1108-13 57 9 8 17 2 
 417 4 18 - - 
CN1229-16 29 3 3 1 - 1 - 
CN1028-15 8 - 6 - - 28 2 - 
CN1058-10 27 2 5 17 1 6 1
12 - 
CN1232-9 6 - 2 1 
 - -
CN941-32 15 - 3 20 3 125 - - 
CN1219-1 24 - 2 10 
 - - 113 1 1 -  -

CN1367-2 32 - 9 29 - 11 
 1 - - 
CN1419-172 22 -  - - -
CN1280-3 7 - 1 1 - 1 -  - -

CN1121-312 11 -  -
CN1421-56 1 - - 
CN1424-153 1 
 - - - -
157 9 - 1 9 - - 55 - 3 - - 
1423 4 - 4 - - 20 - - .
 
1444 53 - 4 3 -  60 . . .
 . .

166 2 -  - -

1424 10 - 6 - - -
Total 404 15 47 149 1 26 1582 9 45 12 

'T = total plants; A= SPV-A N SPV-N; - - no virus present. 
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Production of Small Virus-Free Sweet Potato Storage Roots 
by Meristem-Tip Culture and Leaf-Cutting 

Introduction 

There are only a few improvement programs in the major swet potato production
regions of tile world, i.e., Asia and the Pacific. This fact forces most countries to depend
oil imported Source of improved gernplasn. To avoid tile dissemination of insects and diseases
through the conventional propagation of vine cuttings storage roots,or several research
institutes use tissue-cult tired materials to transfer improved germplasm.


Improved materials transported 
 in this form, however, may stiffer from ex;posure toextreme teinperat tires and/or rough handling. Furthermore, even if the materials arrive intact,
regeneration may be complicated by a lack of facilities or personnel capable of handling tissue
cultured materials. The purpose of this study is to develop a method that can produce a high
percentage of healthy plants as rapidly as in tile tissue-cultire method presently being used 

.for international germ plasm exchange. 

Materials and Methods 

Apical shoots 2 to 3 cm long were excised from the sprouting storage roots. They were
trimmed to a length of 1.2 to 1.5 cm before surface-sterilizing with 0.501 NaOCI for 10 min,
and rinsed three times with sterile, distilled water. Meristem tips (0.2 to 0.4 mm) were dissected
and aseptically expianted to ctiltrc tubes containing 6 ml of MS high mineral salt medium.
Meristen-tip ctlire tubes were placed in a 15-hr photoperiod growth room with temperatures 
ranging from 220 to 32°C. 

Once plantlets with two to three leaves were established usually after two months, the
leaves were taken for virus-indexing by ELISA method. Virus-infected plantlets were discarded,
but virus-free plantlets were g;ovn for an additional two months. When the virus-free plantlets
were ca. .70 nm tall, they were cut into fot or more pieces, each piece containing o single
node and explantcd to fresh standard meditm. Plantlets derived from them were transferred 
to 20 cm clay pots containing a sterilized mixture of soil and sand (1:1). Th,.! pots were
maintained in an insect-free screo hotise with 60%1/o prevailing sunlight intensity at 11:00 a.rin. 
and temperatures rantging from 250 to 35(.

Once established, the plants were staked with bamboo poles. Fully expanded leaves were 
cut at the base of tle petiole and transplanted to 10 cii plastic pots containing a sterilized
soil and sand mixttre. The pots were then placed in an insect-free screenhouse, where they
were sprayed with a %,atermist eight tirolm.,per day for 7 to 10 days no enhance leaf-cutting
establishment. The leaf-cuttiigs ally grown forwere ts two to three months for storage root
development. Before harvesting tile small storage onroots rooted leaf-cuttings, parts of theleaf blades were cut and tested for virus. Storage roots from virus-free leaf' cuttings were then
washed to rcmovc the soil, and dipped in Dithane M-45 before curing for three days at 32°C.
Small storage roots were either stored at 15°C and/or distributed to cooperators Upon requests. 
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Results 

Within four months of culturing, the average percentage of plantlets established from 
meristem tips for all entries was about 410, ranging from 8 to 87% (Table 1). Once plantlets 
were obtained from the meristem tips, they were easily multiplied by the culturing of single
node cuttings. Plantlets usually developed within one month from single-node cuttings. 

Of the 423 established plantlets tested for SPV-A and 'JPV-N by ELISA, 355 (8407o) 
were found to be virus-free. More than 80% of the virus-free plantlets survived when 
transplanted into the sterilized sand-soil mixture. After one or two months, these plants were 
ready for leaf-cuttings. Leaf-cuttings of all entries without side shoot development were able 
to form storage roots within 60 to 100 days. The average percentage of leaf-cuttings which 
produced small storage root was about 550/o(ranging 24 to 810 0)(Table 2). The storage roots 
were similar in exterior and interior color to those of' the parental clone. Of the 1,521 leaf-

Table 1. Numbers of cultured meristem tips, surviving plantlets, and virus-free plantlets 
of sweet potato grown for 60 days in MS medium with kinetin and IAA at 1 mg/I. 

Entries No. of No. (%)of No. (%)of 
Meristem Tips Cultured Surviving Plantlets Virus-Free Plantlets 

1 57 60 6 (10) 5 (83)
1 367 45 13 (29) 6 (46)
1423 50 4 (8) 4 (100)
1 981 30 5 (17) 5 (100)
1 424 24 18 (75) 12 (67)
1444 50 16 (32) 15 (94) 
AIS35-2 40 19 (48) 19 (100)
AIS0122-2 40 19 (48) 18 (95)
CN941-32 50 15 (30) 12 (80)
CN1028-15 50 10 (20) 10 (100)
CN1038-16 80 51 (64) 48 (94) 
CN1058-10 50 24 (48) 18 (75)
CN1108-13 80 60 (75) 45 (75)
CN1121-312 21 12 (57) 12 (100) 
CN1219-1 30 26 (87) 21 (81)
CN1229-16 60 27 (45) 21 (78)
CN1232-9 30 9 (30) 7 (78)
CN1280-3 50 15 (30) 12 (80)
CN1367-2 200 36.(18) 27 (75) 
CN1419-172 73 38 (52) 38 (100) 

Table 2. Storage-root formation and the rate of virus re-infection 
of virus-free leaf-cuttingz. 

No. of No. of Leaf-Cuttings Virus Re-infection 
Entries Leaf-Cuttings Cultured with Storage Roots (%) on Leaf-Cuttings (%) 
I 423 36 20 (56) 0 
I 57 135 42 (31) 7.0 
I 444 77 48 (62) 0 
AIS35-2 419 340 (81) 1.8 
AIS0122-2 363 235 (65) 4.3 
CN941-32 278 124 (45) 0 
CN1028-15 62 42 (68) 4.7 
CN1038-16 304 170 (56) 0.6 
CN1108-13 630 375 (60) 5.0 
CN1219-1 192 113 (59) 0.9 
CN1058-10 51 12 (24) 8.0 

'Leaf.culting. were grown for 60 to 100 days under screenhouse conditions. 
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cuttings from 11 entries that were tested for SPV-A and SPV-N, less than 301o of leaf-cuttingswere found to be infected. Re-infection of virus on leaf-cuttings could be attributed to theuse of a rather primitive screenhouse for culturing plants and leaf-cuttings. However,the possibility of not detecting the virus in original plantlets will be further examined.When the small, virus-free storage roots were replanted, the plants that developed weresimilar to the parental clone. There was no distinct difference in the sprouting ability of thesmall storage roots harvested one to three months after the initial culture of the leaf-cuttings. 

Conclusion 

Once virus-free plantlets were obtained through meristem-tip culture, virus-free storageroots could be produced on leaf-cuttings acquired from grown plants in just a short time.Virus-free plantlets 'could be multiplied at a rate of four per month by the in vitro single-nodemethod. This means that a meristem tip produced a plantlet from which an average of fourplantlets could be obtained each month for developing into mature plants as source of leafcuttings. Mature plants produced an average of 15 leaves per plant per month. The averagepercentage of leaf-cutting which produced small storage roots was about 50% in two months;hence, an average of 22 virus-free storage roois could be produced from a single establishedplant after six months. After completion of leaf-cutting, mature pi,'nts can be maintainedand regenerated through the formed storage roots or vine cuttings, thus shortening the
regeneration cycle.


The genetic fidelity of the resulting plants from the storage roots 
through meristem-tipculture and leaf-cutting appeared to be assured. Therefore, this system may represent a bettermeans.of disseminating virus- free sweet potato materials, principally because storage rootsare easier to ship, handle, and store than plantlets in test tubes (Fig. I, see next page). 

Influence of Leaf Age and Petiole Length on Storage
Root Formation of Sweet Potato Leaf-Cuttings 

Introduction 

The leaf-cutting method for producing storage roots is a convenient technique formultiplying virus-free sweet potato materials. However, there are variations in the ability to
produce storage roots from leaf-cuttings of the 
same plant. The present study examines theinfluence of leaf age and petiole length on storage-root formation of sweet potato leaf-cuttings. 

Materials and Methods 

Plants of AIS 35-2 were grown and staked in the field from July 30 to September 18,1984. Fully expanded leaves were labelled and recognized as age I day. Leaves at ages 1,4, 8, I1,15, 18, and 22 days were cut at the basal part of the petiole on the same day. Theywere immediately transplanted to clean, black plastic pots (ID 9 cm) containing a mixture 
'," soil, sand, compost (3:1:1) as the growing medium. Leaf-cuttings were grown in thegreenhouse at low light intensity but high humidity. Survival rates of leaf-cuttings were takenweekly, and storage-root formations on leaf- cuttings were investigated at 69 days after planting.In another study to examine the possibility of avoiding side-shoot formation on leafcuttings, which usually prevents storage-root formation, leaf-cuttings (aged three days) werecut with full petiole length, without petiole base, two-thirds of petiole length, or one-thirdof petiole length. These leaf-cuttings were grown and observed as previously described. 

http:means.of
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SPROUT 	STORAGE ROOTS FOR Sprout in vermiculite under greenhouse condi-

NEW SHOOTS tions; ready in about 3-4 weeks. 
I 

EXCISE MERISTEM-TIP Sterilize with 05% NoOCI for 10 min, and 
(apical dume plus one or more leaf - wash three times with sterile water. Perform in 

primordia, 02 rm-04 mm length) sterile conditions. 

CULTURE ON SUITABLE I Grow c, a 15-hr photoperiod in 6 ml of MS 
MEDIYM - medium to which has been added I ppm of 

IAA and 	 I ppm of kinetin. 

REGENER ATED PLANTLETS - Ready in about 3-4 months. Virus indexing; if 
virus is found discard infected plantlets. 

MULTIPLY VIRUS FREE 
PLANI[LETS

S-- ___1 

-

Secfion plantlets into segments, each with1mnh 
one node. Culture as meristem-tip. Ready In 

month 

ESTABLISH ILANT ES--
Maintain high humidity, low temperature, and
dim light in the screenhouse. Ferlilize 2 weeks 

IN SOIL 
later. 

REF PLANTS - Monitor morphological changes. 

I- S-TRAGROOT 	 - leaf-cuttings in soil.OMATIONON .	 xCultureLEAF-CU[INGTFMI ON Virus-index. 
. .. ..	 .. _ ..- Distribute small virus-free storage roots. 

P -pagate rapidly in vitro. 

VIRUS-FREE PLAIJTLETS Maintain in virus-free state. 
.. . . _ . Distribute plantlets. 

Fig. 1. 	Scheme for the production of small virus-free storage roots through meristem-tip culture 
and leaf-cutting. 

Results 

None of the leaf-cuttings aged 11. 14, 18, and 22 days survived beyond 21 days after 
planting in the plastic pots. These leaves usually gradually turned yellow and brown before 
dying off. Storage roots were formed on leaf-cuttings aged i, 4, and 8 days (Table 3). There 
was no significant difference in size and number of storage roots formed on leaf-cuttings. 
However, younger leaf-cuttings tended to have high rates of storage-root formation. 
The influence of leaf age before full expansion was not examined in this experiment. 

There was also no significant difference in size and number of storage roots formed 
from leaf-cuttings with different petiole lengths (Table 4). None of these leaf-cuttings formed 
any side shoots, which may be due to the removal of the petiole base. However, leaf-cuttings 
with short petiole lengths had more storage roots. This deserves further investigation. 
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Table 3. The influence of leaf age on growth of sweet potato leaf-cuttings. 

Leaf Age Fr-h Wt (g/cutting) No. of Storage-Root
(days) -------------- ------------------... Formationleaf Storage-Rootpetiole fibrous root storage root Cutting (%)
 

1 2.2 06 . 0±.3 3.9 ±1.1 2.0±1.4 1.1±0.5 94 
4 2.5±03 1.4 ±0.2 3.7±0.8 3.3± 1.3 1.0±0 100 
8 1.0 1.1 2.1 ±0.5 5.2±0.8 1.2± 1.3 0.9 ± 0.7 71 

Table 4. The influence of petiole length on growth of sweet potato leaf cuttings 
(aged 3 days). 

Petiole Fresh Wt (g/cutting) No. of Storage-Root

Length -----.----- Storage-Root Formation'
Lengthleat petiole fibrous root storage root Cutting (%) 

Full 1.7±0.7 1.1 ±0.3 3.0± 1.2 1.4± 1.8 0.6±0.8 44b 
Two-thirds 1 7-± 0.7 09±0.3 3.1 ±0.9 1.3± 1.3 0.7±0.6 66ab 
One-ihird 1 0±08 0.4± 0.1 38±0.4 2.0 ± 1.2 0.9±0.4 88a 

'Meln s;emrfiior fl 1 by Durc,u MulthpeIt Ran,,' column s e Test, 5- level. 

Conclusion 

Sweet potato leaf-cuttings initiate fibrous roots readily, sotne of which dcevelop storage
roots. Newly expanded leaves had better chances of survival, t: 'reby increasing the chance 
of storage-root formation. The retention of one-third of petiole length prevented side-shoot 
growth and did not affect storage-root formation. 

Responses of Sweet Potato Leaf-Cuttings to Drought 

Introduction 

Sweet potato is usually grown in larginal land area where plants are often subjected
to drought stress. It is important that the AVRI)C sweet potatoes possess differences in storage
root formation under drought stress conditions, and to exatnite the feasibility of using PVF
 
strips as water carrier to maintain low soil-water status for tile purpose ofscreening for drought
 
tolcralice.
 

Materials and Methods 

Teti entries of AVRlC-improved breeding lines and accessions examitned (Tablewere 

1). Lef-cuttings were prepared froto their newly expanded leaves, and grown in black plastic

pots as previously described. Leaf- cuttings with their growing medium were later transferred 
to PE tubes (II) = 9 cim, height ='20 cmi) filled with a nixture of soil, sand, and compost (3:1:1).

PVF strips 2.5 in width were inserted into the bottom of PE ltbes before transplanting
tle leaf-cutt ings. PVF strips of 10 cn in length were buried in tile groving tnediuii with 
PVF lengths at 30, 40, 50, or 60 cn extending from tile bot totu 0f tle PE tubes to the water 
surface. This was donc to crealc a different water status in each of' the growing mnediuiil ill 
the PlF tubes. 

PVF strips outside tile Pl tubes were ss'rappcd in[black PF filhn to prevetin algal growth
oii tiese strips anId water evaporatiotn -Ihere were nine leaf'-cuttings for each eniry, in each 
P VF length. At tlie final harvest, leaf-cuttings were investivated for fresh and dry weights
of blade, petiole, fibrous root, and storage root. 
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For the first experiment, leaf-cuttings were grown in plastic pots for 44 days and then
in PE tubes for 35 days with different PVF lengths. In the second experiment, leaf cuttings 
were grown in plastic pots for 23 days and fhen in PE tubes with IPVF strips for 73 days. 

Results 
PVF length did not influence storage-root production of leaf-cuttings in most entries, 

except in CN1028-15 and CN 1121-312 (Table 5). This was most likely due to the penetration
of fibrous roots along the PVF strips to reach the water in the reservoir, rather than an 
indication of genotypic tolerance to drought stress. Although long PVF strips created drought
ztres6 in PE tubes, the ability of fibrous roots' to penetrate PVF strips makes the evaluation 
of drought tolerance on this method difficult. 

Similarly, there was no clear reduction of storage-root production with the increase of 
PVF length in the second experime;it, except in CNI 108-13 and TN65 (Table 6). In the second 
experiment, tissue paper was used to wrap around the PVF portion buried in the soil to prevent
root penetration along the I)VF strips, but the attempt failed regardless of PVF length.

However, our results still clearly demonstrated the practicality of using leaf-cutting for 
screening and other research purposes. AVRDC's improved high-yielding breeding line,
CN!028-15, had the highest storage-root yicld on leaf-cuttings among 10 entries in the present
study (Tables 5 and 6). The results confirmed the high-yielding potential of CN1028-15 in 
the field. 

Table 5. Storage root fresh weight (g/cutting) of various sweet potatoes grown 
with water supplied through different PVF lengths for 35 days z. 

Entry -PVF Length (cm) 
40 50 
 60 70
 

AIS35-2 4.03bc 3.78c-e 2.03d-f 3.45ab
 
CN942-47 7.05b 5.82b-d 3.96c-e 5.22ab
 
CN1028-15 a16.11a ab13.62a bc9.94a 
 c8.38a
 
CN1038-16 0.26c 1.10e 0.16f 0.47b 
CN 1108-13 0.64c 2.06de 5.02b-d 3.98ab 
CN1121-312 ab6.94b a8.18b a7.83ab b2.97ab 
CN 1280-4 0.64c 0.43e 0.71el 0.2/b
Kinmen 6.72b 7.14bc 5.48bc 5.59ab 
TN57 2.63bc 2.65de 2.01d-f 3.87ab 
TN65 2.77bc 1.68e 1.89d-f 3.12ab 

'Letters to the right: mean separation within columns by Duncan's Multiple Range Test, 5% level;
 
to the left: mean separation within rows by DMRT. 5% level.
 

Table 6. Storage root fresh weight (g/cutling) of various sweet potatoes grown 
with water supplied through different PVF lengths for 23 days'. 

Entry ------.. _ __. PVF Length (cm)
40 50 60 70 

AIS35-2 2.45o 1.71d 7.49c 2.93d
 
CN942.47 5.34de 7.04bc 7.79a-c 7.86a-c 
CN10, R-15 14.55ab 15.75a 14.86a 12.52a 
CN1038-16 1.69e 1.19d 5.80bc 0.44d 
CN 1108-13 a13.97a-c ab7.59bc b2.19c ab9.30ab 
CN 1t21-312 8.94cd 8.38b 7.79a-c 5.26b-d 
CN 1280-4 2.73e 2.51d 1.58c 0.9d
 
Kinmen 17.06a 18.61a 13.55a 12.03a
 
TN57 
 4. 1do 4.15cd 5.08bc 3.38cd 
TN65 al 1.54bc a8.84b a9.81ab b4.17cd
 

7L0lteis to the ricgi mt&, >epr iitinri hirhr O
w (oh/it) by [)turtcanl's Multiple Range Test, 5% level;
 
to the liett riiari tpui o(n within fIv', by DMR . 5 ,n level.
 

http:CN942.47
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Conclusion 

PVF strips are potentially useful for sweet potato drought-stress study and screening.
However, the technique needs further improvement. Of all entries grown from bleaf-cuttings
supplied with water through PVF strips, the AVRDC high-yielding CN1028-15 was the highest
storage-root yielder. The leaf-cutting technique could be an easier method for research and 
screening purposes. 
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Mungbean Breeding 

Germplasm Collection 

A total of 119 mungbean accessions were received from Pakistan. Through an IBPGR 
project in cooperation with Japanese, Thai, and Laotian scientists, Dr. Talekar collected 24 
mungbeans from Laos. Also obtained were Vigna lttngo (65), V. unguiculata (42),
V. umbellata (5), other V. species (29), and Phaseolus vtulgaris (3) from Pakistan and Laos 
(Table i). The total mungbean collection at the end of 1984 was 5,263 

Table 1. Germplasm received in 1984.z 
Country V. radiata V. mungo V. unquiculata V. urnbellate P. vulgaris V.sp. 
Pakistan 119 65 18 -  _
Laos 24 - 24 5 3 29
Total 143 65 42 5 3 29 

'Mungbean collection in 1983: 5,120; 1984: 143; total: 5,263. 

Germplasm Evaluation 

Introduction 

New accessions are screened to determine the characters of value that may be useful 
for our breeding program. Outstanding accessions can even be directly included in the 
International Mungbean Nursery (IMN). Evaluation of germplasn by the national program 
may uncover traits valuable for their specific breeding program so that rapid progress can 
be made by them 

Materials and Methods 

One hundred and twenty-eight accessions from Pakistan were planted on March 6, 1984.
Each entry was planted in 3-ni-long rows with a spacing of 50 cm between rows and 10 cm 
between hills. Two plants were left per hill 

From the March planting, 24 accessions were selected and plantecd on July 27, 1984. 
Each entry was planted on two 3-rn-long rows with a spacing of 50 cm between rows and 
8 cm between single-plant hills within the row. AVRI)C's suggested cultural practices were 
followed 

At the National Agricultural Research Center in Islamabad, Pakistan, 966 AVRDC 
accessions were planted on July 15, 1984. Each entry was planted on a single 3-rn-long row
with a spacing of 30 cm between rows and 10 cm bctwecr plants. No irrigation was provided.
However, 623 mm rainfall \\as recorded during the crop growth period

On all the three trials, observations were made on days to flowering, maturity, percentage
of the total yield in the first harvest, 1000-seed weight, powdery mildew (PM) and Cercospora 



166 AVRDC Progress Report 1984 

leaf spot (CLS) disease rating, lodging, and yield per plot. In Pakistan, accessions were rated 
for CLS, bacterial leaf spot (BLS), leaf crinkle virus (LCV), nngbean yellow mosaic virus 
(MYMV),. and anthracnose 

Results 

Among the 128 accessions from Pakistan, nine were V. mungo and 119 were I/.radiata. 
The mean and range of 119 mungbean accessions for various measurements are given in Table 
2. Among the characters examined, considerable variations were observed in the following: 
percentage of total yield at first hatvest, 1000-seed weight, lodging, ind yieid. Seed coat of 
64 accessions were shiny, while the remaining 45 wvere dull. Moderate resistance to PM was 
observed on 61 accessions. The characteristics of selected entries with more than 80/o of the 
total yield at first harvest and some level of resistance to PM are given in Table 3 

In the March planting entries 40528 and 40549 had the heaviest 1000-seed weight (Table
3). Both entries had large seeds in the .luly planting as well. Ftry 40576 hac .he lowest CLS 
and PM rating but the yield was very low. Entries with high yield and resistance to one or 
more disease are shown in Table 4 

In Paki.lan the mean of days to flowering of 940 (out of 966) accessions which flowered 
was 55 ±4.9 and the range was 40 to 68. Anong them 740 matured. The range in maturity 
%%a,. 62 to 87 wi!h a mean of 80±2.8. 

Yield data collected for 724 a, .:sions ,,:tried from 8 kg to 958 kg/,n with a mean of 
160 iT 132 kg/ha. The coefficient of variation for yield was 82.2/o and, therefore, the yield 
data should be viewed with caution 

Among tie five diseases for which ratings were made, there was iow resistance to bacterial 
leaf spot and anthracnosc (Table 5). Since the mungbean yellow mosaic virus (MYMV) was 
not severe, the germplasm has to be rescreened for MYMV. In arde, to verify the level of 
resistance to different diseases, acc,.ssions front disease reaction rating I has to be preferably 
rescreened. 

Tabla 2. Mean and range of Pakistan accessions in the March 1984 planting. 
Ooservation Mean Fange 

Days to flowering 46 ± 1.2 44-50 
Days to maturity 66± 1.5 63-69 
Total yield percentage at first harvest 56 ± 23.2 5-98 
1000-seed weight (g) 31 ± 7.1 23-64 
Lodging' 3.6 ± 1.1 1-5 
Yield (kg/ha) 460 ±179 167-960 

11 = no plant lodglrnq, 5--alllodging 

Table 3. Performance of selected accessions in the March 1984 planting. 
Pakistan Total Yield at Powdery 1000-
Entry No. First Harvest (/) Mildewz Seed Wt (g) 
40450 98 3 27 
40516 97 2 28 
40444 96 
 3 27
 
40549 91 
 4 61 
40528 90 5 58 
40467 87 2 27 
40471 86 2 27 
40454 85 2 28 
40451 84 2 28 
40480 84 2 28 
40525 80 2 24 
l= highly resistant, 5=highly susceptible. 
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Table 4. Selected accessions and their performance in the July 1984 planting. 

Pakistan Yield Cercospora Powdery 1000-
Entry No. (kg/ha) Leaf Spotz Mildewz Seed Wt (g) 
40527 1.114 2 4 34 
40553 1,011 2 3 34 
40558 642 3 2 33 
40576 334 2 2 30 
40577 954 2 3 33 
40589 1,073 2 4 34 
40702 1,065 3 5 32 

zl =highly resistant, 5 --highly susceptible. 

Table 5. Disease reaction of mungbean germplasm evaluated in Pakistan.z 

Reaction No. of Entries forx 
Scale 
1-5Y CLS BLS LCV MYMV Anthracnose 

1 60 3 95 225 21 
2 294 141 743 712 190 
3 384 794 105 6 362 
4 202 5 - - 192 
5 3 - - - 178 

'Total: 943 accessions. YRaling: 1=highly resistant, 2= resistant, 3 =intermediate, 
4 = susceptible, and 5= highly susceptible. xCLS = Cercospora leaf spot; BLS = bacterial 
leaf spot, LCV = leaf crinkle virus; MYMV = mungbean yellow mosaic virus. 

Conclusion 

An exchange of mungbean germplasm between Pakistan and AVRDC was mutually 
beneficial in identifying valuable genetic resources to strengthen the ongoing breedin. program. 
Accessions with synchronous maturity and disease resistance have been identified. Selected 
accessions should be evaluated in a replicated yield trial, and the disease resistance need to 
be confirmed. 

Crossing Program 

In;iroduction 

To develop new genotypes, hybridization is commonly used. Hybridi-zation is also used 
to understand the inheritance of desired characte-ristics. With the objective of enhancing 
resistarce to CLS and PM and improving the synchronized maturity of the AVRDC selections, 
212 crosses were made. 

Materials and Methods 

The 26th crossing block planted in March 1984 had 19 breeding lins and five accessions, 
while the 27th crossing block planted in ,July consisted of 15 bi .- ing lines and seven 
accessions. As in tile past, the emphasis was to combine high yield potential, synchronized 
maturity, and resistance to diseases. Specific crosses were made to study the inheritance of 
resistance to CercoVporu leaf spot (CS) and powdery mildew (PM). Crossed with selected 
mungbean and black grain either to combine bruchid resistance or to improve the methionine 
content of mungbean are the following nine I'. radiatu var. sublobata: C1965, TC1966, 
TC2185, TC2186, TC2207, TC2208, TC2209, TC22 10, and TC221 1. 
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Result-

The nuimber of crosses made is shown in Table 6.
VCI560D and V2773 (both resistant to CLS and PM) were crossed with V2010 (very

susceptible to CLS) and V1944 (very susceptible to both CLS and PM), and 14 crosses and 
back crosses were used to study the inheritance of resistance to CLS and PM.

Four lines identified as resistant to bruchid by the entomologist in the BC 1F 2 generation
of the cross between MG143, a bridge, and VM2164 were crossed with mungbean to improve
the agronomic characters of the selections. 

Three bridge lines brought by Dr. Ahn from Hawaii (ICI , IC,, and IC3) and three
mungbean x black gram received from India (MG 1, MG 2 and MG 3) were used as bridging
species in wide crosses between black gram (VM2135, resistant to pod borer; VM2164, resistant 
to bruchid; and UG191, with high methionine content) and mungbean. The bridging species,
black gram and V. radiata var. sublobata, were all being evaluated for methionine content 
by the chemist. 

Conclusion 

Screening populations derived from new combinations will help in the identification of 
resistance to insects and diseases which can be recombined with other desirable characters. 

Table 6. Number of mungbean crosses made in 1984, AVRDC. 
Objective Number of 

Crosses Made 
To combine high yield, disease and/or ingect resistance, synchronized maturity, 212 

and photoperiod insensitivity
To study the genetics of CLS and PM resistance 14 
Wide cross between bridge species and black gram and the resulting selection 1 

to be crossed with mungbean
 
Total 


227 

Preliminary, Intermediate, and Advanced Yield Trials 

Introduction 

Outstanding selections from bulk, pedigree, or back cross methods have to undergo
different levels of yield evaluation in different seasons, so that their credibility and yieldpotential can be established. In addition to yield, the selections are also evaluated for resistance 
to diseases and photoperiod sensitivity. 

Materials and Methods 

The following yield trials were conducted in 1984: preliminary (PYT), intermediate (IYT),
advanced (AYT), elite (EYT), and Interna-tional Mungbean Nursery (IMN). The details of 
the trials arc given in Table 7. 

Results 

Preliminary yield trial-I (PYT-I). Among 81 entries evaluated, 67 in February, 16 in July,and 29 in February and July significantly outyielded the check cultivar V3476 in a pooled
analysis. The range of yield in the high-yielding entries varied among themselves and in 
comparison with the checks (Tables 8 and 9). 
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Table 7. Different mungbean yield trials conducted in 1984, AVRDC. 

Type of No. of Sowing Harvesting Date Plot Experimental No. of
Trialz Entries (check)Y Date 1st 2nd 3rd Size (m2) Design Reps. 
Spring Plantingw
IMN 20 3/2 5/24 6/7 6/21 18 RCBDx 3
EYT 22 (2) 3/13 5/25 6/7 6/21 18 RCBD 5 
AYT 30 (2) 2/29 5/18 5/30 6/19 12 RCBD 4

IYT 64 (1) 2/29 5/22 6/5 6/18 6 Lattice (8x8) 3
 
PYT-I 81 (1) 2/29 5/19 6/6 6/20 6 Lattice (9x9) 3 
PYT-I 100 (1) 2/29 5/17 6/5 6/18 6 Lattice (10x 10) 2 

Summer Plantingv
IMN 20 7/18 9/26 10/19 18 RC8D 3
EYT 22 (2) 7/18 9/24 10/16 18 RCBD 5 
AYT 30 (2) 7/26 10/4 11/6 12 RCBD 4
IYT 64 (1) 7/21 10/9 11/8 6 Lattice (8x8) 3
PYT-I 81 (1) 7/27 10/8 11/7 6 Lattice (9x9) 3
PYT-I1 100 (1) 7/18 9/25 10/22 6 Lattice (10x 10) 2 
PYT-I11 114 (1) 7/27 10/5 11/6 5 RCBD 2 

Fall Plantingw
IMN 20 9/18 12/4 12/19 1G.5 RCBD 3 
EYT 22 (2) 9/20 12/3 12/20 16.5 RCBD 5
AYT 30 (2) 9/18 12/4 12/19 11 RCBD 4 
IYT 64 (1) 9/21 11/30 12/20 6 Lattice (8"<8) 3
PYT-I 81 (1) 9/20 12/3 12/19 6 Lattice (9x9) 3 
PYT-I1 100 (1) 9/21 12/3 12/20 6 Lattice (10x 10) 2

zlMN = International Mungbean Nursery; EYT = elite yield trial; AYT advanced yield trial: IYT= intermediate 
yield trial; PYT = preliminary yield trial. YV34 76 and V3726 in EYT, V3476 and V6094 in AYT, V3476 in 
IYT, PYT-I and PYT-II, and VC2768A in PYT-Ill. xRandomized complete block design. wPlant 
population density was 400,000 plants/ha. vPlant population density was 250,000 plants/ha. 

Table 8. Range in values for various parameters of entries performing significantly 
better than the check V3476 in preliminary yield trial-I, 1984, AVRDC. 

Planting Yield First Harvest Number of Entries with Moderate Resistance 
Date (t/ha) (Wa) Cercospora leaf spot Powdery mildew 
February (67)z 2.1-2.8 (51) 62-66  45 
July (16) 1.7-2.0 (37) 87-94 C2 40 
Feb. & July pooled (29) 20-2.3 (2) 78-80 62 40 

'Number of entries significantly outyielding the check V5476 in parenthesis.are 

Table 9. Entries with a high level of resistance to both CLS 
and PM in preliminary yield trial-I, 1984, AVRDC. 

AVRDC Cross No. Parentage Yield(/ha) 

Feb. July
VC3528-2B-3-B-2 VC 1560D/VC2533A 2.4 1.7
VC3658-B-3-B-3 VC1168B/VC2528B 2.5 1.6 
VC3696-B-3-B-2 VC2530CVC2778A 2.2 1.3
VC3689-1 -1-B-11 VC2527A/VC4718 2.2 1.3 
VC3732-B-3-B-2 V5000/VC2530C 2.1 1.2 
V3476 (Ck)Y CES1D-21 1.9 1.4 
CV (%) 7 11
LSD (.05) 0.25 0.28 

zObserved to be one of the best for CLS resistance in July planting. YModerately susceptible to 
CLS and very susceptible to PM. 
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The number of entries with significantly higher percentage of total yield in the first 
harvest is also shown in Table 8. 

Nearly 77% of the entries screened had moderate to high levels of resistance to 
Cercosjpora leaf' spot (CLS), while only 49% of the entries had such resistance to powdery
mildew (PM). Five entries with a combined high level of resistance to CLS arid PM should 
be useful in future crossing programs (Table 9). VC3689-1-I-B-I had almost no CLS in the 
July planting. 

The 10 highest yielders in the February and July pooled data are shown in Table 10. 
lPrcliiiiiarv .yield trial-l (PYT-Il). In the February planting three selections gave a yield 

of more than 3 t/ha (Table 11). Out of 100 entries evaluated, seven entries significantly
outyielded check V3476 in the February and 51 entries in the July planting. In the combined 
February and July analysis, 30 entries had significantly higher yield. Nine top entries are 
presented in Table 11. The highest total yield in the first harvest was 62% in the February 
and 75% in the July plantings. 

Table 10. Performance of high-yielding entries in the preliminary yield trial-I conducted 
in the February and July 1984 plantings, AVRDC. 

Yield (t/ha) 1st Harvest (%) 1000-Seed Disease RatingzAVRDC Cross No.--______________ ______ 

Feb. July mean Feb. July Wt (g) CLS PM 
VC3510-2B-6-B-1 2.6 2.0 2.3 60 83 58 MR MS 
VC3685-B-3-B-4 2.8 1.7 2.2 43 88 55 MR MR 
VC3664-8-2-B-1 2.8y 1.7 2.2 57 85 59 MR MS 
VC3678-B-1-B-tx 2.6 1.8 2.2 64 84 51 MR MS 
VC3695-B-9-B-1K 2.6 1.7 2.2 58 81 57 MR MS 
VC3513-2B-3-B-1 2.5 1.8 2.1 62 87 55 MR MR 
VC3526-2B-5-B-V 2.4 ,.8 2.1 56 74 54 MR MR 
VC3687-B-t-B- 1 2.6 1.7 2.1 60 89 58 MR MR 
VC3523-2B-7-B-1 2.6 1.6 2.1 61 87 49 MR MR 
VC3673-B-3-B-1 2.5y 1.7 2.1 47 79 50 MR HS 
V3476 (Ck) 1.9 1.4 1.6 51 83 58 MS HS 
Mean of 64 entries 2.3 1.5 1.9 55 86 56 
CV (%) 7 12 11 12 3 
LSD (.05) 0.25 0.28 0.34 10.46 3.58 

zCLS = Cercospora leaf spot. PM=powdery mildew: MR--moderately resistant; MS=moderately 
susceptible: HS highly susceptible. YShiny seed coat. xlnsensitlive to photoperiod. 

Table 11. High-yielding lines from the preliminary yield trial-Il in February 
and July 1984 plantings, AVRDC. 

AVRDC No. Yield (t/ha) 1st Harvest (0) Disease Rating z 

Feb. July mean Feb. July CLS PM 
VC3743-2B-1-1-B y 3.1 2.4 2.7 57 67 HR MR 
VC3737-1-2-1-2-By 2.8 2.5 2.6 55 68 MR HR 
VC3738-2-1-1-1-B 2.8 2.4 2.6 56 65 HR MR 
VC3738-2B-2-1-B y 3.1 2.1 2.6 62 63 MR MR 
VC3741-2-1-1-1-B 2.9 2.1 2.5 58 68 HR HR 
VC3766-3B-2-B 2.9 2.1 2.5 62 60 MR HR 
VC3742-28-2-1-B y 2.7 2.1 2.4 50 75 MR HR 
VC3737-2B-2-1-B 3.1 1.8 2.4 47 67 MR HR 
VC3758-1-1-1-1-B 2.6 2.3 2.4 46 70 HR HR 
V3476 (Ck) 2.4 1.2 1.8 50 69 MS MS 
Mean of 100 entries 2.5 1.7 2.1 49 67 
CV (%) 8 14 10 15 7 
LSD (.05) 0.37 0.48 0.40 0.02 0.01 

zCLS = Cercospora leaf spot, PM =powdery mildew, HR highly resistant; MR = moderately resistant; 
MS= moderately susceptible. Ylnsensitive to photoperiod. 
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Among the entries presented in Table 11, VC3738-2-1-1-l-B, VC3741-2-1-l-1-B, 
and VC3758-1-1-1-l-B had the lowest CLS and PM scores. Except the check, all the other 
entries had a dull seed coat and were nonlodging. 

Illteriliediate yield trial (IYT). In February, eight entries gave yields ranging from 3 to 
3.3 t/ha which were significantly higher than the yield of the check V3476. However, all of 
them had a similar total yield percentage to V3476 in the first harvest. In the July planting, 
out of 64 entries evaluated 35 entries had yields ranging from 1.6 to 2.1 t/ha which were 
significantly different from the check's (V3476), yield of 1.3 t/ha. For the check, 86% of 
the total yield was obtaincd from the first harvest. In 12 breeding lines, 91 to 9 5% of the 
total yield were from tile first harvest. Of them VC3604-2-1-1-1-II and VC3536-B-1-1-2-B had 
significantly higher yields than the check. The 12 selections should serve a excellent base 
materials for future hybridization program (Table 12). 

A combined analysis of tile February and July data showed that 15 entries outyielded 
check V3476. Data for six top entries are given in Table 13. Among them four entries had 
a good level of CLS resistance. 

Among the 64 entries evaluated, 33 had acceptable levels of CLS resistance, while only
17 had a good level of PM resistance. Four entries shos n in Table 14 had a combined moderate 
resistance to both CLS and PM and should be valuable source materials for future crossing 

Table 12. Selections from the intermediate yield trial with synchronized maturity useful 
for future crossing program. 

AVRDC Cross No. Y:31d Firstor Acc. No. Name or Parentage tHarvest 

VC3604-2-1-1-1-B S-8/VC1482C 1.6 92 
VC3536-B-1-1-2-B VC1973A/VC2530C 1.6 95 
VC3525-B-1-3-1-B VC 1482C/VC2770A 1.6 91 
VC3180-5-1-1-1-B CES1D-21/VC1482C 1.5 95 
VC3312-2B-2-1-2B VC1482C/VC2564A 1.5 93 
VC3029-3-1-1-2B VC1482C/VC 1560D 1.4 95 
VC3339-B-1-1-1-2B VC1647B/VC1974A 1.4 91 
VC3537-1-2-2-1-B VC1973A/VC2533A 1.4 94 
VC1560D-7-2B-1-B BPI glab. 3/Vr301 1.4 92 
VC3181-3B-3-B CES1 D-21/VC1535A 1.3 93 
VC3552-2-1-3-1-B VC2565A/VC2723A 1.2 94 
VC3497-2B-3-1-2B ML-65/VC1 177B 1.1 93 
V3476 (Ck) CES1D-21 1.3 86 
CV (%) 10 4 
LSD (.05) 0.25 4 

Table 13. High-yielding entries selected from the intermediate yield trial, 1984, AVRDC. 

Yield (I/ha)AVRDC Cross No. ------------.- First Harvest (%) Disease Ratingz ________ ____-__ 
Feb. July mean Feb. July CLS PM 

VC3178-3B-2.B 3.2 1.9 2.6 51 82 HR MS 
VC3300-2B-2-1-2B 3.2 1.9 26 41 83 MS HS 
VC3116-28-2B-2-B 3.3 1.7 2.5 51 83 MS HS 
VC3580-1-2-1-2-B 3.1 1.8 2.5 51 82 MR HR 
VC3004-3B-1-B 2.8 2.1 2.4 53 80 MR MS 
VC3029-5-2B-2-B 2.9 2.0 2.4 54 80 HR MS 
V3476 (Ck) 2.6 1.3 2.0 55 86 HS HS 
Mean of 64 entries 2.8 1.6 2.1 51 86 
CV (%) 8 10 10 17 3 
LSD (.05) 0.36 0.25 0.35 14 4
 

ZCLS - Ceicospora leaf spot. PM --powdery mildew; HR highly resistant: MR = moderately resistant;
 
HS highly susceptible, MS mmoderalely susceplible 
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programs. Since there appears to F! different sources of resistance, the possibility of
recombining these resistances to improve their levels should be explored.

Advanced yield trial (AYT). Mean yields of 30 entries evaluated in the February andJuly plantings were 2.3 and 1.5 t/ha respectively (Table 15). In a pooled analysis of the datafrom both seasons, three entries significantly outyielded the check V3476. The highest yielderin both plantings was VC31 17-7-213-2-B. Although VC2770-B-15-l-B had a similar yield tothe check, the percentage of total yield at the first harvest was 94 in the July season. Mostof the entries selected had a moderate to high level of resistance to CLS and PM. The mean1000-seed weight of 30 entries was 57 g. All the three highest yielding selections had large
seed size (47 to 58 g).

llite yield trial (EYT). Among the 22 entries evaluated, two in the March planting andeight in July had significantly higher yield than the check. However, none of them had bettersynchronized maturity than the check. Many of the higher yielders had a resistance to eitherCLS or PM or both. Both large and small seed sizes (1000-seed weights of 66 and 43 g,respectively) were present among high-yielding entries (Table 16). A combined analysis of theMarch :.nd July plantings revealed that VC2768A was the only entry significantly outyielding
the check. 

International intig.bean nurser%, (IMN). In a combined analysis of the IMN March andJuly data, tour cultivars had higher yield than the check V3476 (Table 17). Among the fivereleased cultivars included in the IMN, V2984 (KJ5) had a yield of 1.5 t/ha, but it was notsignificantly different from any of the other four cultivars. Three of our breeding linessignificantly outyielded V2984. Six entries were higher yielding than the check (V3476) in theMarch planting, but no entry was significantly higher yielding than the check. 

Table 14. Entries with a high level of resistance to both CLS and PM. 

AVRDC Cross No. Parentagc. Yield (t/ha) Disease Rating z 
Feb. July CLS PM

VC3519.1-3-1.I-B VC 1209C/VC2635 2.9 1.7 MR HR 
VC3552-2-1-3-1-8 VC2565A/VC2723A 3.0 1.2 MRVC3543-B-2-1-1-B VC2527A/VC2530C 2.7 1.b MR 

MR
 

VC3580-1-1-3-3-B Shanhua 1/VC2528B 2.7 1.7 HR 
HR
 
MRVC3580-1-2-3-3-B Shanhua 1/VC2528B 2.7 1.5 MR HRV3476 (Ck) CES1D-21 2.6 1.3 HS HS

Cv (%) 131 10LSD (.05) 0.36 0.25zCLS Cercospora leaf spot; PM -- powdery mildew HR = highly resistant; MR = moderately resistant;
 
HS = highly susceptible.
 

Table 15. High-yielding lines from the advanced yield trial (AYT) in the February 
and July 1984 plantings, AVRDC. 

AVRDC Cross No. Yield (t/ha) Fist Harvest(%) Disease Rating'
 
Feb. July mean Feb. 
 July CLS PM
 

VC3117-7-28-2-B 
 2.9 1.9 2.4 58 85 MS MRVC3301-2B--1-2B 2.9 1.6 2.2 57 81 MR MRVC3012-11-2B-1-8 2.6 1.9 2.2 61 82 HR MRVC3199A 2.6 1.6 2.1 60 86 MS HR
VC2917-8-1-B.4-2BY 2.5 1.6 2.1 
 66 86 MR MRVC2770-B-15-1-B" 2.6 1.5 2.1 65 94 ?,AR MRV3476 (Ck)' 2.4 1.5 1.9 57 87
 
Mean of 30 entries 2.3 1.5 1.9 57 87

CV (%) 10 13 
 11 15 10

LSD (.05) 0.32 0.27 0.29 12 
 8 

ICLS Cercopora Weal spot. PM - powdery mildew HR highly resistant; MR moderately resistant;
MS - moderately ';usceplible YHas a shiny seed coal and is phofoperiod-insensitive. xHas a shiny

seed coat.
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Table 16. Performance of 10 high-yielding lines from the elite yield trial (EYT) 
in the March and July 1984 plantings, AVRDC. 

AVAUC No. Yield (tl/ha) First Harvest (%) Disease Ratingz 1000-Seed 
March July mean March July CLS PM Wt (g) 

VC2768A 1.6 1.9 1.8 58 69 MR MS 62 
VC2755A 1.9 1.6 1.7 61 72 MR MS 66 
VC3061 AY 1.6 1.9 1.7 56 67 MS MR 56 
VC2307A 1.4 2.0 1.7 52 73 MS MR 43 
VC2764B 1.6 1.8 1.7 53 77 MR MS 57 
VC2771A 1.8 1.5 1.7 64 76 MR MR 59 
VC14821 1.6 1.7 1.7 57 75 MR MS 48 
VC2754A 1.4 1.8 1.6 49 79 MR MR 60 
VC3031A 1.6 1.6 1.6 62 76 MS MR 50 
VC2764C 1.5 1.7 1.6 52 74 MR MS 60 
V3476 (Ck) 1.4 1.4 1.4 60 84 HS HS 48 
Mean of 22 1.5 1.6 1.5 53 77 54 

entries 
CV (%) 21 15 18 23 6 5 
LSD (.05) 0.37 0.29 0.33 16 6 3 

'CLS was rated in summer and fall, and PM in spring and fall in the disease nurseries. HR= highly
resistant; MR -moderately resistant, HS = highly susceptible; MS = moderately susceptible. YPhotoperiod 
insensitive and dull seed coat. 

Table 17. High-yielding lines from the 12th International Mungbean Nursery in March 
and July plantings, 1984, AVRDC. 

AVRDC No. Parentage or Yield (t/ha) 1st Harvost (%)Disease Ratingz 1000-Seed 
Cultivar Name March July mean March July CLS PM Wt (g)Y 

VC2768A VC1482AVC1628A 1.8 2.0 1.9 78 60 MR MS 62 
VC2764A VC1481A/VC1628A 1.7 2.1 1.9 75 68 MS MS 56 
VC2768B VC1482A/VC1628A 1.7 2.0 1.9 66 63 MS MS 62 
VC2750AI VC1168D/VC1560A 1.5 2.1 1.8 69 71 MR MR 49 
VC1628A CES1D-21/PHLV18 1.3 2.1 1.7 68 70 HS HS 57 
VC2755A V;11778/VC1647A 1.6 1.7 1.7 67 69 MR MS 63 
VC1562Aw BPI.glab.3/VC1394 1.3 2.0 1.7 65 68 MR MR 56 
VC2523A VC1209A/FHLV18 1.5 1.8 1.6 58 73 HS MS 47 
V2984 K! #5 1.8 1.2 1.5 81 82 HS MS 38 
V3476 (Ck) CES1D-21 1.2 1.7 1.4 64 73 HS HS 46 
Mean of 20 entrie3 1.4 1.7 1.6 65 72 52 
CV Oo) 10 14 13 17 7 9 
LSD (.05) 0.23 0.41 0.32 18 9 8 

'CLS was raled in sumrnmer and fall, and PM in spring and tall in the disease nurseries. 
MR rnode;ralely resistant; MS-moderalely susceptible, HS=highly susceptible. YAveiage of 
March and July seasons. 'Dull seed coat. wlnsensitive to pholoperiod 

In all the yield trials conducted, the number of pods per plant had a consistently high 
significant correlation with yield regardless of planting time (r varied from 0.28** to 0.59**).
Similarly, the earlier the maturity, the higher the percentage of total yield at' first harvest 
(r= -0.25** to -0.90*). 

Conclusion 

Selections with a yield potential of 3 t/ha and more combined with high levels of 
resistance to CLS and PM with different secd sizes and different seed coat luster were 
identified. Most of them were resistant to lodging and a few were also insensitive to 
photoperiod. A I.igh level of synchronized maturity was achieved in a few selections. Some 
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of these outstanding selections will be included in the next IMN. A consistent and significant
positive correlation between number of pods per plant and y;ld suggested that we could use 
number of pods per plant as the selection criteria to obtain high yield. 

Performance of Breeding Lines under Minimum Management Input 

Introduction 

Mungbean is generally grown with minimum or no management input. Therefore,
breeding lines with high yield potential adapted to such situations need to be developed. It
is also necessary to understand whether tle selections made under optimum inputs will be 
suitable for minimum or no-input situations. 

Materials and Methods 

As in 1983, 20 breeding lines and two check cultivars were used in the elite yield trial 
(EYT) with optimum input in the March and July plantings. Adjacent to this trial, also in
March and in July, the minimum management-input trial was planted. A randomized complete
block design with three replications was used. Planting dates, spacing, and plot size were the 
same as those of EYT. No management inputs were given, except thinning after emergence 
to adjust plant population density. 

Results 

Tile mean yield of 22 genotypes in optimum input was 1.5 t/ha in the March and 1.6 
t/ha in the JuIy plant intls; while in tle minimum input, it was 0.8 and 1.2 t/ha, respectively.
The yield gaps between opti mum inpult and mini in input in the March and July plantings 
were 47 and !6%, respectively (Fig. I). 'Fle yield gap in the March planting was 31 percentage
points higher than that of tle .Jlly planting. Although the absolute yields of optimum input
and minimum in pt in the 1983 trials were different in the March and July plantings, the 
yield gap in March 1983 was almost identical (31%) to that of the 1984 trials. In the Jul 
plantings the temperatue was higher and moisture was not limiting which enabled an iilcrea..eof about 61 to 94% yield over the March planting in the ninimum input. The differences 
in mean yield in optininim input between the March and July plantings in both 1983 and 1984 
were negligible although there was a .ear-to-year variation (Figs. I and 2).

As in 1983, i significant positive correlation was observed between tle yields under 
optimtm and min iiimu in managcments in 1984 (Fig. 3). Therefore, it is obots that breeding
for optimtm and nii iiiittim inputs calt be accomplished by selecting either )f these conditions. 

Selected breeding lines with highIi yield Poteltial Under optimum and minimum input
trials are shown in Tahlcs 18 and 19. Sinilarly, breeding lines with 25% or less yield reduction 
lnder miniitiin ald optirit tint nianagenietis, when boti season were considered, are given
in Table 20. Among tile entries evaluated, VC2754A and VC2771A appeared,4o be the best 
for wide adaptability. To confirm stuch conclusions thtey should be evaluated under diverse 
locations and environments. 

The mean valhues of various agronomic characters in optinnll and minimum manage
iients arc given in Table 21. Among the :haractcrs observed, the major character influenced 

was yield -34%1/o reduction in rininiutn management compared to optimum management which 
can be easily traced to 31(1%) reduction in number of pods pe, plant (Table 21). 

Conclusion 

A two-year (four seasons) study confirmed the findings that genotypes with a yield of 
more than I t/ha under minimum input are available. Also confirmed were the findings that
selections unider high-yielding management-inptlt environment is also appropriate for the low
yielding minimui-input environment. Therefore, the project will be terminated. 
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Table 1F. High-yielding lines under optimum management input in the 


and July plantings, 1984, AVRDC. 

Yield (t/ha) 

AVRDC 	 No oplimum 

March 

VC2768A 1.6 
VC2755A 1.9 
VC3061A 1.6 
VC2764B 1.6 
VC2771A 1.8 
VC1482E 1.6 
VC2754A 1A 
V3476 (Ck) 1.4 
Mean of 22 1.5 
entries 
CV (ri) 21 
LSD (.05) 0.37 

muanagement 

July mean 

1.9 1 8 
16 1.7 
1.9 1.7 
1.8 1.7 
1.5 1.7 
1.7 1.7 
1.8 1.6 
1.4 1.4 
1.6 1.5 

15 18 
0.29 0.33 

minimum 

March 

0.1 
0.7 
0.9 
0.9 
1.1 
0.9 
1.0 
0.5 
0.8 

management 

July mean 

1.2 1.1 
1.3 1.0 
1.5 1.2 
1.3 1.1 
1.4 1.3 
1.4 1.1 
1.4 1.2 
1.0 0.8 
1.2 1.0 

31 11 20 
0.40 0.._3 0.32 

and summer 

March 

Yield
 

Reduction
 

(0/0) 

0.7 (40) 
0.7 (43) 
0.5 (31) 
0.6 (37) 
0.4 (23) 
0.5 (33) 
0.4 (25) 
0.6 (45) 
0.5 (34) 
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Table 19. High-yielding lines under minimum management input in March 
and July plantings, 1984, AVRDC. 

Yield (t/ha) Yield 
AVRDC No. optimum management minimum management Reduction 

March July mean March July mean (N) 
VC2771A 1.8 1.5 1.7 1.1 1.4 1 3 0.4 (23)
VC2754A 1.4 1.8 1.6 1.0 1.4 1.2 0.4 (25)
VC3061A 1.6 1.9 1.7 0.9 1.5 1.2 0.5 (31)
VC3031A 1.6 1.6 1.6 1.0 1.3 1.2 0.5 (28)
VC1482E 1.6 1.7 1.7 0.9 1.4 1.1 0.5 (33) 
VC2764B 1.6 1.8 1.7 0.9 1.3 1.1 0.6 (37)
VC2768A 1.6 1.9 1.8 0.9 1.2 1.1 0.7 (40)
V3476 (Ck) 1.4 1.4 1.4 0.5 1.0 0.8 0.6 (45)
Mean of 22 1.5 1.6 1.5 0.8 1.2 1.0 0.5 (34) 

entries 
CV (%) 21 15 18 1132 20
 
LSD (.05) 0.37 0.29 0.33 0.40 0.23 0.32
 

Table 20. Breeding lines with least yield reduction under minimum management input 

in March and July plantings, 1984, AVRDC. 

Yield (t/ha) Yield 
AVRDC No. optimum management minimum management Reduction 

March July mean March July mean (0/0) 
VC2719A 1.2 1.4 1.3 0.9 1.2 1.1 0.2 (19) 
VC2763A 
 1 2 1.4 1.3 0.8 1.3 1.1 0.3 (20
VC2771A 1.8 1.5 1.7 1.1 1.4 1.3 0.4 (23)
VC2802A 1.3 1.4 1.4 0.8 1.3 1.1 0.3 (23)
VC2754A 1.4 1.8 1.6 1.0 1.4 1.2 0.4 (25)
V3476 (Ck) 1.4 1.4 1.4 0.5 1.0 0.8 0.6 (45)
Mean of 22 1.5 1.6 1.5 0.8 1.2 1.0 0.5 (34) 

entries
 
CV (%) 21 15 18 
 32 11 20
 
LSD (.05) 0.37 0.29 0.40
0.33 0.23 0.32 

Table 21. Comparison of mungbean yields and agronomic characters between optimum 
and minimum management in the March and July 1984 plantings, AVRDCJ 

Yield_ (t/ha) ____ Mean 
Characters optimum management minimum management Difference 

,-March- July nean .--- March July------ mean (0/0) 
Grain yield (t/ha) 1.5 1.6 1.5 0.8 1.2 1.0 

-

0.5 (34)
Plant height (cm) 52 64 58 56 67 62 -4 (7)
Days to 50% flowering 46 39 43 45 42 44 -1 (2)
Days to 50% maturity 65 58 62 66 61 64 -2 (3)
Days to mean maturity 83 74 79 82 72 77 2 (3)
% 1st narvest 53 77 65 57 90 72 -7 (11)
Pods/plant 11 16 13 7 12 9 4 (31)
Seeds/pod 10 It 11 11 11 11 -0.3 (3)
1000-seed weight (g) 52 56 54 54 55 55 -1 (2)

zData are rnens of the 5;anie '2 entries Irom sepaate llsl;. 
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Evaluation of Breeding Lines in Various Yield Trials 
for Disease Resistance 

Introduction 

Generally, yield trials are conducted with proper management inputs, including disease 
control. Therefore, it is difficult to evaluate them for disease reaction. To evaluate the breeding 
lines for diseases, a separate experiment in different seasons was conducted without disease 
control measures. 

Materials and Methods 

From the preliminary, intermediate, advanced, elite, and interna-tional mungbean 
nursery trials, i total of 307 lines in February and 423 lines in July and September plantings 
were screened for Cercospora leaf spot (CI.S) and powdery mildew (PM) resistance. 
The plantings were made on February 28, .July 12, and September 11, 1984. Each entry was 

planted on a single 2-ni-long row with .5 in between row spacings. Two teplications were 
used. Resistant check V2773 was planted in every fifth (February and September plantings) 
or in every seventh row (July planting). The (lS-and lPN-sisceptible check V1944 was planted 
in February and Septemnber, and the (Il.S-susceptible check, V2010, was planted in July in 
a band I in in width across the rows between two colltins of test lilnes. 

InI February, . ily, and September, PNI was rated, and in July and September CLS was 
rated on the following rating scale: I to 2= highly resistant, resistance better than V2773; 
2.1 to 3.0= moderately resi:tant, resistance similar to V2773; 3.1 to 4.0= moderately suscep
tible, resistance below V2773 but worse than V1944 or V2010; 4.1 to 5= resistance similar 
to or worse than V1944 or V2010. 

Results 

In the February screening, 15% of the 307 lines evaluated were rated highly resistant 
and 41%, moderately resistant to P3M (Fig. 4). In1the July planting, CLS was the most severe 
disease. Out of 423 lines screened about 70 were rated highly resistant to it and 15% were 
considered highly resistant to PNI (Fig. 5). However, in the September planting, PM was the 
most serious disease. ()nly 12(1,o of the 423 lines were rated highly resistant to it, but 10% 
were rated is highly resistant to Cl S (Fig. 6). February and September were the best seasons 
to evaluate for PNI; and .l1 ,y, for (I.S. 

Ainong tlie 306 entries evaluated iii all the three seasons put together, six entries were 
highly resistant to both C(1.S and PNI, and 70 enitries were either highly or moderately resistant 
to both tie di.eases (Table 22). Among thein four breeding lines gave more than 2 t/ha in 
the March and three gave 1.7 to 1.8 t/ha in the July planting (Table 23). The total yield 
at first harvest was more than 80% in three high-yielding entries. 

Conclusion 

Improved levels of resistance to CLS or 1?M or both have been incorporated in more 
new breeding lilies. There appears to le a new source of' resisiance to CLS and PM which 
needs to be investigated. The potential to improve the resistance to both diseases through 
pyramiding of genes from different sources need to be explored. 
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Table 22. Frequency distribution of disease ratings of 298 breeding lines 
and eight accessions tested over three seasons in 1984, AVRDC/ 

Powdery Mildew Cercospora Lea--Spot (CLS) Total.... 
(PM) HR MR MS HS Total 
HR" 5/V, 7 17 2 31/1
MR 11 52 73/1 8 144/1
MS 3 40/2 55 12 110/1
HS 1 1 8/1 3/3 11/4
Total 20/1 100/2 153/2 25/3 298/8 

'Snc, fI I iv rdhllIill vv'.vconducled III lII( July and September seasons, it was excluded 
In ,tNl ., iln,'ip,,il. t.1R::moderitely re,;itn: MS = moderately susceptible;; Itl 

Table 23. Breeding lines highly resistant to both CLS and PM, 1984, AVRDC. 

Selection No. Yield (t/ha) 1st Harvest(%Pareniage Yi_.......... Harves..(... 
March July mean March July 

VC1560D L3PI qlab.3/VC1301 12 1.4 1.3 42 83
 
VC2719-B-t1-B-3-B Shanhua 1/VCl163A 2 1.3 2.0 53 82
 
VC3528-2B-3-.2" VC 1560DIVC2533A 
 2 1.7 2.1 43 81 
VC3732-B-3-B-1 Shanhun 1/VC2530C 20 1.8 1.9 48 79
 
VC3748-3-B-B-1-2413" VC1562A/VC2527A 2.3 1.7 2.0 43 64
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Photoperiodic Response of Breeding Lines 

Introduction 

Among the environmental factors, photoperiod and temperature influence the range of
adaptation of mungbean cultivars. To have a fairly wide adaptability in mungbean, therefore,
photoperiod insensi-tivity will be one of the requirements. Through disruptive seasonal
selection employed at AVRDC, the highly photoperiod-sensitive lines were discarded. In order 
to determine the photoperiodic response of the advanced breeding lines, they were evaluated 
in the following experiment. 

Materials and Methudb 

From various yield trials 229 entries were planted on September 11, 1984 under 16 hr
photoperiod and in ,notlher field tinder natural photoperiod. Each entry was planted on a
2-m-long single row with a sp;ci!,g of 0.5 m between rows. V1380, V1388, and V4281 were
used as Jhe photoperiod-sensitive checks, and V3726 (Varsha) as the photoperiod-insensitive
check. Days to flowering were recorded when 50% of'the plants in a plot started flowering.
The delay in days to flowering was used to determine the photoperiod-sensitivity score. 

Results 

Photoperiod-sensitivity scores of the breeding lines ranged from 0 to 4. Among the 229 
lines 	evaluated 46%o were insensitive to phowperiod (sensitivity score 0) (Fig. 7).

Among the photoperiod-insensitive lines; five had high yield potential combined with
high level of resistance to either Cercospora leaf spot (CL.S) or powdery mildew (PM) (Table 
24). 

Conclusion 

Majority of the AVRDC breeding lines were less sensitive to photo-period. Selected
entries with photoperiod insensitivity were both high-yielding and resistant to either CLS or
PM. These findings need to be evaluated in diverse environments to explore their potential. 

100 

W80L _ 

.40 	 Fig. 7. 
Frequency distribution of delay in number of days to 
flowering under 16 hr compared to that of natural 

20 	 photoperiod in the September 198,t planting, AVRDC. 
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Table 24. Breeding lines insensitive to photoperiod and highly resistant 
to either Cerc.,ospora leaf spot or powdery mildew, 1984, AVRDC. 

Yield (t/ha) 1st Harvest (0/o) Disease Ratingz 
March July mean March July CLS PM 

VC1131B VC1000/EG-MG-16 2.4 1.6 2.0 61 89 HR MR 
VC2985-3-2B-1-B VC1000AIVC1163B 2.8 1.8 2.3 49 89 HR MR 
VC3580-t-2-3-3-B Shanhua 1/VC2528B 2.7 1.3 2.0 47 84 MS HR 
VC3687-B-1-B-1 VC2527A/VC2770A 2.6 1.5 2.1 60 87 HR MR 
VC3751-3-B-2-2-B VC1647B/VC2719A 2.6 1.9 2.3 45 66 MR HR 

'CLS =Cercospora leaf spot; PM =powdery mildew; HR =highly resistant; MR =moderately resistant; 
HS = highly susceptible; MS =moderately susceptible. 

International Cooperation 

In 1984 we distributed 824 breeding lines and 1,507 accessions to 90 cooperators in 28 
countries. A total of 108 seed patckets were distributed. The following are the cooperators' 
reports. 

Australia 

A report recei,.ed in June 1984 from Dr. lmrie stated that 70% of the total mungbean 
area (940 ha), which was an increase of 30% over 1982-83, was planted to cv. King in the 
Northern Territories. The yield of King is I t/ha, which is better than that of Berken, a local 
cultivar (0.46 t/ha). There is an additional 6,000 ha planted to King in Central Queensland 
and SE Queensland. Yields in the 1983-84 season were 2.3 to 2.9 t/ha. 

Ethiopia 

All our entries were reported susceptible to halo blight and lower yielding than the local 
check M1134. 

Fiji 

VC1007-14-1-513 and VCl160-1-1-2B were released as Station 25 and Station 27,
respectively, and the seeds distributed to the farmers. Preliminary reports indicated that 
VCI560D also appeared to be promising. 

Indonesia 

Among nine entries evaluated the newly released AVRDC entry VCI089A (Manyar) was 
the highest yielder with 1.6 t/ha (Table 25). In another trial conducted at Yogyakarta,
VC2768A gave a better yield of 1.5 t/ha than the local check, Merak (1.4 t/ha) (Table 26). 

Israel 

Preliminary reports indicated that VC1973A was promising with high yield potential. 

Nepal 

Among 23 entries tested, VC164713 yielded 0.9 t/ha compared to the check Pusa 
Baishaki's 0.7 i/ha. The farmers who visited the plot favored VC164713 over the others 
(Table 27). 

http:recei,.ed
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Table 25. Performance of selected AVRDC mungbean linas at Alai Hilir, 1983-1984.z 

AVRDC No. Yield (t/ha) Pods/Plant 1000-Seed Wt (g) 
VC1973A 1.5 17 52 
VC2719A 1.3 18 56 
VC2307A 1.2 19 50
 
V3476 1.1 14 55 
Manyar (VC1089A) 1.6 23 47 
Mean of 9 entries 1.2 16 55 
CV (%) 30 
LSD (.05) 0.52 

zSown: Dec. 3, 1983, harvested: 1/27, 2/1, 2/8. 2.05, 2/22, 2/29, 1984; plot size: 12m 2 (4 rowsx6mx 
0.5m), no. of replications: 4: population density: 200,000 plants/ha. Cooperator: Asmar Jaya, Pilot 
Project on Integrated of Soya and Food Crops Development. Elevation: 56 m; sejson: wet season; 
mean temperature during the crop season 25.6"C (min), 34.4°C (max); rainfall during the crop season: 
7890 mm 

Table 26. Performance of selected AVRDC mungbean lines at Yogyakarta, Indonesia, 
1983-84.z 

AVRDC No. Yield (t/ha) Days to 1st Maturity 1000-Seed Wt (g) 
VC2768A 1.5 62 61 
VC1974A 1.4 61 56 
Merak (Ck) 1 4 61 65 
VC2778A 1.3 62 52
 
VC1973A 1.3 61 59
 
Mean of 10 entries 1.2 62 53 

ZSown Nov. 9, 1983; harvested: (?), Jan. 30, 1984 (twice), plot size: 16 m2 (5 rowsx8 mx0.4 im); 
population density 330,000 olants/ha. Cooperators: Sugiharto and C. W. Lin; institute: Bandung
Agriculture Demonstration Center, District of Gunung Kidul, the Special Province of Yogyakarta; 
season: 1st crop season. 

Table 27. Performance of selected AVRDC mungbean lines at Lalpati, Nepal, 1983V 
AVRDC No Yield (t/ha) Days to 1st Maturity 1000-Seed Wt (g) 
VC1647B 0.9 52 60 
VC1973A 0.9 54 50 
VC2755A 0.7 58 40 
V3726 0.7 49 60 
Pusa Baishaki (Ck) 0.7 52 50 
Mean of 23 entries 0.5 

ZSown. April 0, 1983, harvested June 18 and July 5, 1983. plot size 4.8 in' (4 rows x 3 m x0.4 m); 
no. of replications. 3. population density. 250,000 planls/ha Cooperators D. R. Wagle, K. B. Kadayat,
A Jaeckle . U Scheuermerer . Trniau Watershed Project, Agriculture Section. Latitude: 27'50'N; 
longitude 834 0 'E, elevaion 700 m, season pre-monsoon season; rnean temperatures during the 
crop season 18 5°C (in). ,0 '5'C (max), rainfall durir," the crop season: 985.9 mm 

Pakistan 

In one of the trials among the entries evaluated, V4800 (cv. Type I from India) had 
a better level of resistance to mungbean yellow mosaic virus (MYMV) than the already known 
sources of resistance to MYMV, such as V3484 (6601), V2772 (ML-I), and V2272 (ML-5). 

Philippines 

V, *1163-2-3-4-2B was released as BPI-MG-I. It is a cross between EG-MG-4 and ML-6. 
Prior to its release it was evaluated at 10 locations in the Philippines through 12 dry-season
and 15 wet-season trials. The total yield can be harvested in two pickings. It combines moderate 
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resistance to Cercospora leaf spot (CLS), powdery mildcw (PM), and mungbean rust. With an average yield of 1.1 and 1.4 t/ha in the dry and v ct seasons, respectively, it is recommendedfor both seasons. The 1000-seed weight is about 56 g and the seed is shiny. 

In a trial at Leyte which evaluated 24 entries V2984, VC1973A, and VC2768Asignificantly outyielded RES Acc. 49 (Table 28) In another trial conducted at Palawan, theAVRDC entries were on par with the local checks. Since the coefficient of variation is 95%
the data were of little value (Table 29). 

Table 28, Ferformance of selected AVRDC mungbean lines at Leyte, Philippi' es, 1984.z 
AVRr' No . Yield (t/ha) Plant Height (cm) Pods/Plant 1000-Seed Wt (g)
V2984 !.8 84 23.9 38VC1973A 1.7 72 18.9 67VC2768A 1.7 65 16.0 62VC2764A 1.5 69 20.8 60RES Acc. #9 (Ck) 1.1 69 29.4 49
Mean of 24 entries 1 4 
CV (o) 6 
LSD (.05) 0.50 

ZSown: Apri! 18, 1984, harvested June 11, 18 and 26, 1984, plot size: 12 m' (4 rowsx 6 01 x0.5 in):no. of replicaton,;: 4. population density: 400,000 plants/ha Cooperator: P. C. Tobias, Ministry ofAgriculture & Food, Romualdez Experiment Station, Babalgon, Leyte. Elevation: 10 m; season: summer. mean terrineratureo durng the crop season: 27°C (min). 36'C (max) rainfall during the crop 
season. ,,33 mrmr. 

Table 29. -urformance of selected AVRDC mungbean lines at Palawan, Philippines, 1983.2 
AVRDC No. Yield (/ho) Days to 1st Maturity 1000-Seed Wt (g)
VC 1628A 1.1 56 55VC1560D 1.1 55 60VC2764A 0.9 53 60VC1973A 
 0.8 61 60
Local Green 0.9 64 42Local Yellow 0.9 64 53
Mean of 6 entries 0.9
 
CV (%) 
 95
 
LSD (.05) NSY
 

"Sown: Feb 26, 1983, harvested: (9). plot size: 8.74 n":' no. of replications: 2; population density:104,405 plant;iha: seasr;: dry. Cooperalor: Fol Sariaco, PNAC, Aborlan, Palawan. YNot significant. 

International Mungbean Nursery (IMN) 

The I Ith IMN had nine cultivars from national programs and II AVRDC breeding lines.A total of 47 sets were distributed to 22 countries. Data were received from 31 cooperatorsin 14 countries; three data sets were incomplete and coudd not be analyzed.
For the 12th IMN in 1984, six cultivars and 14 breeding lines were included. A total

of 64 sets were sent to 60 cooperators in 30 countries.
Results from Sw,.ziland showed that VC2768A had tile highest yield of 3.1 and 3.5 t/haand the highest average yield. The mean yield in 29 locations was 1.1 ± 0.6 t/ha (ranging fromt/ha in China to 2.5 t/ha in Swaziland). At least 13 locations reported yields of morethan I t/ha (Fig. 8). VC2768A and VC2764A were the highest yielders in five locations; andVC1973A and VC2778A in three locations. VC2755A, V2272, and V2984 were the highestyielders in two locations (Table 30). The combined analysis and the details will be published,

in a separate IMN report. 

0.1 
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Table 30. Yield and disease ratings of the 11th IMN trials in 29 locations in 14 countries.z 
Check 

Mean Entry Yield (t/ha) Cultivars Mean of Disease Ratingy 
Country Yield -ultivars 

and Yield 
(t/ha) highest lowest (t/ha) CLS PM others 

Burma 0.4 0.6 (VC2755A) 0.1 (V30921 - - -

Taiwan, China 2.0 2.3 (VC2764A) 1.6 (V1381) - - -

Taiwan, China 1.7 2.7 (VC2768A) 0.7 (V3092) - - -
Beijing, China 1.9 2.6 (VC1973A) 1.2 (V3404) - - -. Virus 2.2 
Beijing, China 0.1 0.2 (V3404) 0.03 (VC2719A) - - -

Indonesia 1.6 2.4 (VC2764A) 1.0 (V3726) - 3.7 - Virus 1.6 
Indonesia 1.0 1.4 (VC1562A) 0.6 (V2272) 0.8 - - -

Indonesia 0.4 0.9 (V2272) 0.1 (VC1562A) 0.1 1.8 - -
Indonesia 1.0 1.2 (VC1482C) 0.6 (V2010) - 2.8 - -

Korea 0.8 1.2 (VC2778A) 0.5 (V2272) - 2.0 2.3 Virus 1.8 
Malaysia 0.6 0.9 (VC2523A) 0.4 (VC1482C) - 2.7 - -

Malaysia 1.3 1.5 (V2984) 0.9 (V1968) - 2.1 - -

Mauritius 0.5 0.8 (VC1628,\) 0.3 (V1968) 0.6 - - -
Pakistan 1.0 1.3 (VC2778A) 0.4 (V2272) 0.7 - -. 

Pakistan 1.1 1.7 (V3726) 0.7 (VC1628A) 0.8 (M28) - - 
0.5 (6601) - - -


Pakistan 2.0 2.5 (VC2768A) 1.2 (V2272) 1.3 (M28) - - 
1.1 (71-17) - - -


Philippines 0.7 1.1 (V2984) 0.4 (V2010) 0.7, 0.6 2.7 - -

Philippines 0.9 1.4 (VC1973A) 0.6 (V3476) - 1.3 - -

Sri Lanka 0.7 1.2 (VC2778A) 02 (V2010) 0.9, 0.7 - - -
Swaziland 1.5 2.3 (VC2755A) 1.0 (V3404) 2.1 1.9 - Virus 1.0 

MYMV 0.6 
Swaziland 2.5 3.5 (VC2768A) 1.5 (V2272) 2.7 2.8 1.2 Virus 1.5 
Swaziland 2.4 3.1 (VC2768A) 1.9 (V3476) 2.6 2.2 - Virus 0.3 

MYMV 0.2 
Tanzania 1.5 1.7 (VC2764A) 1.3 (V2984) 1.5 (Nuru) 

1.b (Imara) 
Thailand 1.5 1.9 (VC2768A) 1.1 (V2010) 1.6, 1.4 1.9 - -

Thailand 0.3 0.5 (V2272) 0.1 (VC2719A) - - - -


Thailand 0.9 1.3 (VC2764A) 0.5 (V1968) - - - -


Thailand 1.0 1.3 (VC1973A) 0.8 (VC1562A) - - - -

U.S.A. 0.9 1.4 (VC2764A) 0.5 (VC2719A) - - - -

U.S.A. 0.3 0.5 (V3476) 0.1 (V3404) - - - -


Mean 1.1 ±0.6
 
zIMN = International mungbean nursery. MFor Cercospora leaf spot (CLS) and powdery mildew (PM): 
1--highly resistant and 5=highly susceptible. For others: 0-highly resistant and 5=highly 
susceptible 



Mungbean Entomology 

In 1984, as in the past years, our major research activities in entomology emphasized
resistance to beanflies. Before his departure from AVRDC, Dr. C. S. Ahn succeeded in crossingbruchid-resistant blackgram and rnungbcan, hence, we also screened interspecific cross progeny
for bruchid resistance. 

Third Screening of Mungbean Accessions for 

Resistance to Boanflies 
Introduction 

In late 1983, 222 mungbean accessions were screened which were selceted from the 1982preliminary tests for resistance to beanflies, Ophiomyia phaseoli, 0. centrosenlatis, aridMelanagromyza sojae (Diptera: Agronlyzidae); in Indonesia. Out of these accessions onlyeight, which !had the lowest beanfly-related plant mortality, were selected. These eightaccessions were screened with one susceptible and one resistant checks at AVRDC to confirm 
their resistance. 

Materials and Methods 

A 0.03 ha piece of land away from areas of frequent insecticide use, was rototilled,applied with basal fertilizers, arid worked into 0.75 m wide beds. These beds were furtherdivided into 5 m long plots. Seeds of each mungbean accession were sown on three randomlyselected plots. The crop was grown according to routine cultural practices, except that noinsecticide was sprayed. At 25 and 40 days after sowing, 20 plants at random were uprooted,
their stems cut open, and the number of larvae and pupae found within each planr recorded.The nurmber of plants with visible beanfly damage in each accession was also recorded. Insectcount and plant damage data were analyzed by l)uncan's Multiple Range Test. 

ResuUs 

The results of insect count-and plant damage are summarized in Table 1. Four accessions,V1160, V4281, V5784, and V5973 had the lowest number of insects inside the stem. In V1160,
plant damage was minimum in both screenings; and in 
 V4281, our standard resistant check,no damage was detected. VI 160, a Vigna radiata var. glabratum accession, was the leastdamaged entry. It also had the lowest plant mortality due to beanflies in the second screening 
at Indonesia in 1983. 

Conclusion 

It will be worthwhile to introduce the beanfly resistance of VI 160 into the agronomiccultivar of mungbean, since its level of resistance is greater than that of our standard resistant 
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check, V4281, both at AVRDC and in Indonesia. This accession is also rarely damaged by
foliage-feeding insects. 

Table 1. Performance of selected mungbean accessions during the third screening 

for beanfly resistance.' 
No. of Beanfly Larvae + Pupae Damaged Plants 

Accession No. per 20 Plants (/)
16 October 29 October 16 October 29 October 

V1160 2.Ob 0.5c 25.7b 30.Od
V3741 8.Oa 17.3a 56.7ab 95.Oa
V4281 1.3b 1.5c 61.9ab 47.5cd
V4909 8.3a 5.Oc 80.Oa 75.Oab
V4920 2.Ob 4.7c 49.Oab 63.3bc
V4940 5.Oab 6.3bc 58.3ab 63.3bc
V4947 2.3b 4.3c 58.3ab 68.3bc
V5784 1.7b 3.3c 50.Oab 56.7bc
V5973 1.7b 3.7c 46.7ab 63.3bc
Tainan #3 5.0,-b 11.3ab 60.Oab 78.3ab 

'Planting daie ,1pt 20 1-)84 data am reanS ot three replicates: means in each verticdl column
followed by the sarn& letter are not signilicantly different at the 5% level according to Duncan's 
tMultiple Range Test, 

Screening of Segregating Populations for 

Resistance to Beanflies 

Introduction 

In autumn 1979 three mungbean accessions viuli moderate levels of resistance to beanflies 
were found. In 1980, 1981, and 1982 our mungbean breeder made a series of crosses involving
a beanfly resistance source and high-yielding and disease-resistant breeding lines. )uring tiepast three years the segregating materials at AVRI)C, Indonesia, and Thailand have been
screened. Since beanfly population pressure is 'ery lbigh in Indonesia and Thailand,
the susceptible or less resistant plants are killed by these insects, which makes it easier to 
select the resistant plants.

Therefore, in the past greater emphasis was placed on screening of segregating
populations in Indonesia and Thailand. However, due to logistical and storage difficulties,
the selecte germplasm could not be utilized for further crossitig or advanced screeni ng. IIn
1984, therefore, screening work was moved back to AVRIDC where, in utunn, a series of
segregating populations front F<3 to [7 involving all crosses were screened. Tlhe selection 
procedure was also modified. 

Materials and Methods 

The land wa, rototilled, applied with basal fertilizer, and worked into 0.75 in wide beds.
The seeds were sown on the bed as single-row plots of'various lengths, depending upon the 
nature of the experiment and the amount of seeds available. The following segregating
materials were screetted in 1984: 

Cross series Generation No. of entries 
I autumn 1980 I 7 23
2 autumn 1981 [5 52
 
3 autumn 1982 F4 
 59 

F3 59 
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Seeds of each progeny were bulked up to F5. At F6 we planted the population in the
field and with the help of a plant breeder, selected the plants in each cross with good agronomic
characters. Seeds of selected plants were bulked individually; and in the next beanfly season,
half of the seeds of each plant were planted in a replicated screening trial in the field, while 
the remaining half were saved. Plants are sampled at 25 and 35 days after germination and
evaluated for beanfly resistance by cutting open each plant. The seeds of entries with the
least damage are then multiplied and distributed to interested parties. The procedure is further 
illustrated in Fig. 1. 

F, 
Bulk 

F2 

Bulk 

F3 

Bulk 

Bu4 
Bulk Fig. 1.Breeding and selection scheme for beanfly

F5 resistance in mungbean. 

Bulk 

F6 
Select (Yield) 

F7 
50% 50% 

Save --- , Sow 
Multiply a BFR test 

BFR 
Line 

L.... Sel 

Results 

In autumn 1984, 90 plants fioma F7 were selected with good agronomic characters. The
seeds of each plant were bulked and will be screened for beanfly resistance in 1985.
The remaining segregating materials were also bulked and will be planted in spring 1985 to 
advance the generation and to screen for resistance in autuni 1985. 

The Mechanism of Beanfly Resistance in Selected 

Mungbean Accessions 

Introduction 

In 1977-80, three mungbean accessions with moderate levels of resistance to beanflies were found. A resistance breeding program was initiated and the characteristics of this
resistance mechanism were studied. Our early work in 1982-83 indicated that beanflies feeding 
on resistant accessions had a longer larval stage than those feeding on susceptible entries. 
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This indicated the possibility of antibiosis. In 1984, one test was conducted to study whetherthese plants, especially their unifoliae leaves which are first attacked by beanflies, had anyantibiotic action against lepidopterous insects, such as Porthesia laiwana and Heliothis
armigera, that feed on mungbean. leaves. 

Materials and Methods 
Three beanfly-resistant accessions; V3495, V2396, and V4281 and two susceptibleaccessions, V2184 and V3428, were grown in seedling flats containing soil and compost mixtureplaced in the greenhouse. Tne unifoliate leaves of these plants were used for the feedingexperiment. The larvae of P. taiwana and H. armigera were collected from the fields andmaintained on mungbean leaves in a laboratory at 25'C and 65% RH. The pupae wereconfined in a chamber lined with rough tissue paper. A tomato plant was placed inside thechamber with the H. armge.. After emergence, the adult females laid eggs on the paper.All eggs were collected and placed on moist filter paper in a petri dish until they hatched.
First instar larvae were used for the feeding study.

Two unifoliate leaves of each accession were placed on a moist filter paper in each offive petri dishes, and 4 to 10 first-instar larvae weie released on the leaves. Each petri dishrepresented one replicate. Petri dishes were maintained at 25°C and 65% RH. Once everyday the feeding activity of the insects was observed, and fresh leaves were placed at intervalstr- sustain larval feeding until pupation. At each observation, the number of live and deadlarvae and pupae in each replicate was also recorded. Larval mortality and pupation percentage 

were analyzed by Duncan's Multiple Range Test. 

Results 

The results of insect mortality and pupation rates are presented in Table 2 for P. taiwana 
and in Table 3 for H. armigera. 

Table 2. Mortality and pu-pation oi P. taiwana fed on beanfly-resistant 
and susceptibla mungbean accessions. z 

Progre,ive Mortality (%) atAccession No.Y Days after Hatching Pupation5 10 15 20 25 30(%)
 
V2184 (S) 13 12.5 12 5b 12.5b 21.8b 37.5b 24.8aV3428 (S) 0.0 0.0 10.Ob 16.3b 24.5b 44.Ob 30.OaV3495 (R) 2.5 9.0 15.3b 33.3b 54.5a 66.5ab 0.ObV2396 (R) 0.0 12.5 23.8b 38.3b 56.3a 59.3.b 3.3bV4281 (R) 12.5 22.5 69.5a 74.5a 74.5a 74.5a 0.Ob
ZData are means of five replicates Mean3 in eaich vertical column followed by the 
same letter are not

significantly different at 1h,; 5% level by Dunczn's Multiple Range Test. Y(S) = beanfly-susceptible;
(R)=beantly-resistant. 

Table 3. Mortality and pupation of H. .-rmigera fed on beanfly-resistant 
and susceptible mungbean accessions! 

Progressive Mortality (%) at
Accession No. Days after Hatching Pupation (/)

5 10 15 20
 
V2184 (S) 15 
 35b 40b 55 40V3428 (S) 10 211: 36b 16 39V3495 (R) 10 35b 50al 51 30V2396 (R) 15 40b 60rb 60 15V4281 (R) 25 80a 80a 80 5


zData are means of five replicates. Means in each vertical column followed by the same 
 letter are notsignificantly different at the 5% level by Duncan's Multiple Range Test. Y(S)=beanfly-susceplible; 
(R)= beanfly-resistant. 
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Porthesialarvae feeding on the unifoliate leaves of beanfly-resistant accessions suffereG
relatively greater mortality than those feeding on susceptible ones. Among three resistant
accessions, V4281 showed consistently greater levels of resistance than the other two. Porthesia
feeding on V4281 had significantly higher mortality than the susceptible entries at each interval
and significantly greater mortality than other resistant accessions at two out of three
observations. Insect mortality was greatest on V4281 between 15 to 20 days after hatching.

The pupation rate of insects fed on beanfly-resistant accessions was significantly lower
than that of insects fed on susceptible entries. In fact in V4281 and V3495, all insects died 
at prepupation stage.

Similar results were obtained with H. armigera. However, in this case only accessiorV4281 showed antibiotic activity; the two other resistant entries were in most cases, at pal
with susceptible entries. On V4281, larval mortality was greatest 10 days after hatching.
Pupation was considerably reduced in insects fed on V4281. Because of considerable larval
mortality very few lairvae remained in V4281 ttil pupation, whereas a greater number of 
them were alive in the susceptible accessions. 

It must oe emphasized here that in a similar study with Spodopteraexigua, no statistically
significant results vcre obtained when insects were fed on the same resistant and susceptible
accessions. 

Conclusion 

Beanfly-resistant accession V4281 showed considerable antibiosis to Porthesia taiwana
and Heliothisarmigerawhen the larvae of these insects were fed on unifoliate leaves of V4281 
and susceptible mungbean accessions. 

Screening of Interspecific Cross Segregating Materials
 
for Resistance to Bruchid
 

Introduction
 

In 1979-80 t\vo blackgram accessions, VM2011 and VM2164, were found to be
moderately resistant to bruchid Fpecies, Callsobrutchus chinensis (Coleoptera: Bruchidae).

During 1981-82 our alungbeanm breeder perfected the technique of crossing these materials with

mungbean. In 1983, he successfully crossed VM2164 
 with several advanced breeding lines of
mnngbean, and the resultant 12s and backcross progeny were sent to us for insect-resistance
 
screening.
 

Materials and Methods 

A total of 113 lines, conipri:ing 105 interspt'cific hybrids and eight parents were screened

for resistance to C. chinensis. Fhe number of 
 seeds per entry ranged from I to 235 and all 
seeds were used in testing.

The insects used in this screening were reared on mungbcan at 30'C and 700/0 RI-I for
three generations. Seeds of each entry were confined in glass vials (2.5 cm diam. x 12 cm height)
and five pairs of I-to 3-day-old adults werc released over the seeds. The vials were covered 
with muslin cloth and maintained at 30'C and 70% RI-I. 

Ten days after release, the adult insects were removed from the seeds and the number
of eggs laid on the seeds were recorded. The seed samples were transferred back to the 
;.-ubator; and three weeks later, the number of emcrging first-generation adults were recorded.
.:,nultaneously, the number of undamaged and bruchid-danmage, seeds were also recorded. 

Results 
The insect laid eggs on all entries. The number varied from 2 to 392 eggs/sample. Thus, 

none of the entries had any oviposition-deterrent effect. 
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The number of second-generation adults varied from 0 to 2 44/sample. Twenty entries 
(including resistant parents and V4997 which is easy to cross with blackgram but which was 
never tested before) were free of adults although the insects laid eggs on the seeds. The
performance of these entries is sunnarized in Table 4. The additional 20 entries had emerging
first-generation adults, but these entries contained various levels of damaged and undamaged
seeds. The tierfornmance of these entries is summarized in Table 5. Seventy-seven lines had 

Table 4. Performarnce of selected mungbean lines with no emerging first-generation 
C. chinens's adults.? 

Line No. No. of Eggs No. of Seeds Damaged No. of Emerging.aid damaged undamaged (0/0) Adults 
IVC0021-4 8 0 1 0 0 
IVC0023-15 127 0 91 0 0
IVC0023-18 38 0 17 0 0
IVC0023-19 109 0 148 0 0
IVC0026-6 35 0 9 0 0 
IVC0029-1 16 0 4 0 0
IVC0032-8 164 0 39 0 0 
IVC0032-9 82 0 49 0 0 
IVC0032-12 137 0 49 0 0
IVC0032-20 72 0 20 0 0
 
IVC0014-1-1 20 0 0
6 0 
IVC0002B-1-1 20 0 9 0 0 
IVC0014-B-1-1 2 0 1 0 0

IVC0017-B-1-2 67 
 0 36 0 0

VM2164 27 
 0 38 0 0 
IM5 
 260 0 247 0 0
[)alD of adult, rol't;.vxd o o e-od , 
 Jim 10 to 1, 19 . , (hte ofadull removed from seeds: Jan. 20, 1984; 

oL.;,.-rvilion ltr Inl(j flr:! rlt0 Fdate of rifl W !O, n ildhll' It:3 15. 1981 

Table 5. Performance of selected mungbean lines with some seeds undamaged 
by C. chinensis.' 

Line No. No. of Eggs No. ot Seeds Damaged No. of Emerging 
Laid danriged undamaged (0%) 

IVC0021-7 14 2 3 40.0 
IVC0023-5 205 96 13 88.1 
IVC0023-9 60 4 29 12.1 
IVC0023-10 209 135 16 89.4 
IVC0023-12 186 181 13 93.3 
IVC0023-17 123 36 98 26.9 
IVC0023-20 163 140 25 84.8 
IVC0026-1 128 4 43 8.5 
IVC0026-2 1118 4 66 5.7 
IVC0026-5 68 26 19 57.8 
IVC0032-6 127 7 41 14.6 
IVC0008-B-1-1 8 1 3 25.0 
IVC0014-B-1-2 4 1 2 33.3 
IVC0014-B-3-3 80 1 115 0.9 
IVC0014-B-3-8 112 2 85 2.3 
IVC0014-B-3-9 60 5 31 13.9 
ICl 125 
 28 251 10.0 
IC3 171 93 159 36.9 
MG2 195 64 323 16.5 
VC1973A 181 171 83 67.3 

'Date of adults released on seeds: Jan. 10.11, 1984: date of adult removed from 
date of observation for emerging second-generation adults: Feb. 15, 1984. 

Adults 
2 

96 
4 

127 
161 
36 

150 
4 
4 

26 
7 
1 
1 
1 
2 
5 

28 
129 
66 

17, 
seeds. Jan. 20, 1984; 
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100% seeds damaged. These seeds had at least one insect emergence hole, and all had a large
number of* bruchid adults. 

Conclusion 

The 40 entries (20 free of insects aild 20 with some undamaged seeds) showed varyingdegrees of bruchid resistance. These itnttries will be planted in the field and, at flowering,will be backcrossCd to high-vieldinve, disease-resistant, but bruchid-susceptible mungbeanparents to otaii hrtichid resist :hiIce if] intngbean. One Inngbean accession, V4997, which was free of 'irst-yecncratioir adults will le e\aluaed 'nther to confirm whelher it is truly
resistant to brtuchid. 



Mungbean Pathology 

Screening for Resistance to Three Unknown POT-Y
 
Virus Isolates and to CMV
 

Introduction 

Several virus isolates have been recovered from mungbean. One isolate was identified 
as the mungbean strain of CMV. The othei isolates (M2, M25, M4) are presently under 
investigation and have not yet been exactly characterized. They appear to be very similar in 
their host range, physical properties, particle morphology, and serological relationships. The 
results of some of these assays suggest that the isolates are related to blackeye cowpea mosaic 
virus (BICMV) and adzukibean mosaic virus (AzMV). 

Because of their wide host range which includes many commercially grown leguminous 
hosts and their seed transmission, incorporation of resistance into AVRDC's elite breeding 
lines should be very useful. This study was undertaken to determine if resistance is already 
found in AVRDC accessions. 

Materials and Methods 

Ten mungbean accessions (VI80, V1381, V1400, V1945, V1947, V2272, V2273, V2773, 
V2184, V3476) representing most of the parents of the elite breeding lines, and nine accessions 
(VI868, V2040, V2043, V2357, V2650, V2866, V2867, V4184, V4842) previously reported to 
be resistant to the mungbean strain of bean common mosaic virus (M-BCMV) were tested 
for their reaction to the unknown virus isolates N12, M4, and M25. In addition, 22 elite breeding 
lines (VC276811, VC276413, VC2764A, VC2763A, VC2755A, VC2750A, VC2778A, VC2778B, 
VC2768A, VC2720A, VC1973A, VCI560D, VC2719A, VC2572A, VC1628A, VC1482E, 
VC164713, VC 116813, VC2307A, VCI000C, V3726, V34-6) were screened for resistance to M25 
and CMV. A total of 30 to 50 plants of each accession or line were inoculated at the primary 
leaf stage. Inocula were prepared by homogenizing fresh infected leaves of P. vulgaris cv. 
Bountiful (for M25, M2, M4) or N. glutinosa (for CMV) in 0. 1M phosphate buffer at a ratio 
of 1:3 (w/v), with 0.1% thioglycollate added. 

The plants were kept in flats outside the greenhouse and symptoms were recorded two 
weeks after inoculation. Plants without or with very mild symptoms were checked by ELISA. 
Ratings werc done according to the following scheme: I = immune (no symptoms, no virus 
present); T = tolerant (symptomless); R = resistant (up to 5% of the plants infected); 
MR=moderately resistant (5-20% of the plants infected); MS=moderately susceptible 
(21-50% of the plants infected); S=susceptiblc (50% of the plants infected). 

Results 

All 10 accessions representing some common parentals of elite breeding lines were found 
to be susceptible to M2, M4, and M25, having more than 50% of the plants infected. 
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Two of the 22 elite breeding lines (VC2755A, VC1973A) were found to be immune toCMV and four (VC2764B, "(C2764A, VC2768A, V3476) showed low CMV infection ratesranging from 2 to 13'o . Both CAV immune lines and those with low inlection rates hadlocal lesions on1the inoculated leaves, but were free of systemic infection.
All of' the nine accessions reported to 1e resi.tant to NI-BCNI V were susceptible to eachof the three unknowni virus isolates, M2, N14, and N125. All lines reacted severely with mosaicand malfIormation to N12 and M25. Isolate N14, however, p-roducCed Only iId itottle on theselines, indicating that this isolate may be different from the other two. From this we conlcludethat none "of our unidentified mu ugbean virus isolates is NI-3CAM V. This fiinding is furlher

supported by serologica! tests reported elsewhere. 

Conclusion 

The Unidentified virus is not 13CMV or a strain of it. Immunity to CNIV but not totie unidentified virus is available in breedina lines. The source of resistance has not yet been 
identified. 

Further Studies Towards the Identification of 

Three POTY Virus Isolates 

Introduci on 

In 1983, a survey was conductCL to find the "muntigbean mottle virus" which had beenused previouslv in on mr ngbean-virus resistanc 1-':ceding program, but which had lost itsin fctikitv. \We also antlled to determine which other viruses occur on mlungbeatl in Taiwanand to es l ie whrse for rise In A \' ll)(" resistance breeding program. Several isolatesrecovered rIctl \wecr (NIV. Irie other iso lates could not be exactly identified on the basis
of diff'CrClltiad In,,t rcactions and serology.


Therelore, further hosts particularly 
 those c1mniorlfy used for the identification of'c011rion legume viruses, were tested. These inchlded P. vugaris cvs. Redlands (reenileaf C,Redlands Greenleaf" 11,Great Northern 123, Saiilac, Monroe, .Jrbila, Improved Tcldergreelt,
,\r.randa for the diffcrentiation of 13CM V strains; 11. vrulgur. cvs. Black Turtle I and B3lackTurtle 11; 1'igna sinv i. Tlt\' 2480 and Blackeye, for tire identi fication of blackeve cowpea
iltosaiC virus (tI1(NI'V ), co\pca alphid-borne mosaic virus (CAN!V) and soybean mo1saic virus
(SNIV). So,,re additionial serological tests were also conducted. 

Materials and Methods 

For tire determination of the host range, four to eight plants were inoculated with tie use of 1:3 nolinogenate of fresh if)fected leaves in 0. 1M phosphlate buTffer pl-! 7.2. Symp ol] lessplants were checked by EILISA. The three mungbean isolates NI2, N14, and N125 were testedin agar gel dourble dif'f'usion test with antisera to adzkiibeai mosaic virus (AzNIV), blackeyecowpea mosaic virus (IICNIV), and the unknown sovbeain virus isolate P N. A ntigens wereprepared by homogenizinig ie part fresh leaves of virurs-iniucted N. benthamima with one 
part IBS containing 1.5% SDS. Antigens were added to tlie peripheral wells at a distanceof' 8.5 mm from tlie centlral well. 

To determine seed tratnsmission, seeds of munigbean and soybean cultivars previouslyartificially inoculated with isolate M25 were collected. Fifty seeds wcrc sovn and tile emergingplants were assessed vistially for symptom expression. Symptorless plants were checked by
ELISA. 
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Results 

The following hosts were systemically infected with all three virus isolates: P. vudgaris
Bou:, tifuI, Pinto I11,Saxa, Black Turtle 2 (Provvidenti), Dubbele Witte, Great Northern 123,
Sanilac, Widusa, Michelite; ['i,na angularis Jen Sen, Odate No. 1, V. radiata VI Ill, V2010and 2773; and I i'tt4a unguicu/ala Kaoshi tine Green Pod, Early Ramshorn, Blackeye, Blue
Goose. Local lesions wcre produccd all three isolates on P. vulgaris Monroe.
 

The folloving hosts were im 
tine to the three virus is.olates: Cassia occidentalis; G. 
ax ainung No. -1,Davis; /P.ivtitris Redlands Circcnlcaf('C, Rcdlands Greenleaf B, Kentucky

Wonder Waxpole, l',cntuckv Wonder Wax Runner l'perop; Pisum sativum Dark Skin
Perfection; I 'id.fit;t,"('uctm .salivits ('hicaoo 'ic.kling; (uculnis mlo Known You; Datura
strnoniuum ( R. tlton .st rain); (Wl/hr(ia .lohose; Nicotlianaglutinosa,"Nicoliana tabacumi
'Sansun'; IA'111ia hri/rida Kilu I l irv; l;'Iraomu t,.\/)pansu; 1i ,a ryl/iala P1474118; and 
Vlignu unu rc/dulaII ItjV 2-SO. 

Ihe reactions of the other hosts ,re ,ltVowll illfable 1. 
Noneiof tlhe 13 soybean chivars, cottiireialy ero\vi in Taiwan (G.max TN3, TNI5, KS9,

Shift Shih, Mlon Don 205, (jun Tsru, lalicntou, AGS 147, Palmetto, Acc. No. G5, York,Ryokkoh, and Ryohyo) were susceptihlc to isolate M25. The other two isolates were not tested. 
[wo cowpea cultivars, I)agl pan I';algasinan ( ollection No. 3.1 (Fengshan Tropical

Horticulturc Experimcnt Statlion (I"TIES) Ace. No. 1.127) and 1)agupan Pangasinan
Collection No. 4.3 (I111ES Ace. No. 1lP32) were intine to the virus.


All but two of seven yard-lote heatns tested (ITIl--S 
 Ace. Nos. CP1, ('110, ('P22, CP40,
CP44, CP39, C(P72) \%crc sns,'cptihblC I this \i s isolate. Thie iIlC t\o could no! he infecled.

Ini El ISA ltests, each of tlie thrc, isitolatc, reacted strongly m.ilAzMV-AS. A positive
reaction was also ohsr cd o ith Il ( VNI\'-AS.wcakA rcaction\was produced with antiserumin 
to the unknowwn soyhal isolate I'N (IlN-\Si. No reaction \\as pioudCed by ihe thrCC isolates 
(Table 2) with IAIIMV monoclona antibodies. 

Table 1. Host reactions of three rnUngbean virus isolates, M2, M4, and M25. 
Host Plant M2 M4 M25 

Glyclne max 
Iwale-Wasekurorn (lizuka) /M -M- -
Bragg -/M -/- -/-

Phasoolus vil/can'.s 
Black FPrlle I (Provvidenti) nLL/Ndealh / nLL/M,malf
Arnandi nLL/- -/- -/-
Immuna -/Me -/- -/Mo
Monroe LL/--- nLL/-
Jubila nLL/- -/- -/
nip. lendergreen nLL/- - /- - /-

Vignm angularis 
Shiroazuki '100' (lizuka) nLL/- - /- nLL/V'gaa unguiculata 
Y'ard-long bean local variety I 
(Green Pod) - /Mo,RS nLL/Mo - /-

Table 2. ELISA reactions of the unknown mungbean isolates M2, M4, 
and M25. 

AntitigenrAntigen AzMV-AS BICMV-AS M4-AS PN-AS BCMVI 
M2 - f 4 + +/- -
M4 -' + +/- -
M25 + + + +/- -

Monoclonal antibodies (test was conducted by G. Mink, Prosser, Washington, USA). 
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Isolate M25 waF seed-transmitted in mungbean lines VC1I68B and VC 2768B, by 12 
and 10%, respectively. 

The reactions on 10 of the 16 conmon bean cultivars (P. vulgaris) used by E. Drijfthout 
et al*, for the identification of BICMV and its strains indicated that our virus isolates were 
not BCMV as had been suggested earlier. This was supported by serological reactions using
both nonstrain-specific and strain-specific BINIV monoclonal antibodies in ELISA. 

From the reactions of our isolates oil P. v'ulgaris Black Turtle I and Black Turtle II 
which have been proposed by Provvidenti** for the identification of BICMV, it would appear 
that isolate M4 is indeed 131CMV. However, since all three isolates have previously shown 
to give a strong positive reaction with BICM V-AS in ELISA tests and in ISEM, we believe 
that the other two isolates, M2 and M24, most be strains of the same virus that are very 
closely related to BICN'IV, possibly adzukibcan mosaic virus. 

Conclusion 

The host range of our unknowvn mungbean virus isolates appears to be restricted to 
leguminous crops. Besides nmungbean, they commonly infect French bean, adzukibean, and 
cowpea. Soybean can also be infected experimentally, but does not appear to be a common 
natural host of this virus. In host range and serological reactions, isolates M2 and M25 closely 
resemble the unidentified soybean virns. Ilowever, there appears to be some host specialization. 
The unidentified soybean virus does not coni monly infect munghean, whereas soybean does 
not appear to be a common host of [lhe tink nown iniungbean virus. On the basis of host range 
and serology, the nimigbean isolates are not BCNIV, but appear to be related to AzMV and 
BICMV. 

Greenhouse Seedling Screening for Resistance 
to Powdery Mildew 

Introduction 

Screening !oi resistance t( intingbean powdery mildew (Lr'iv.sil)hc polygoni) has been 
conduct ed pre\ io usiV t1der Mt ural infection. Witl) this method, however, screening was not 
possible duriag the hot and lumid seasons when tile fuigus is not generally a problem. Even 
in the cool and dry seasons, infectioll can be erratic and is Often ,tot homogenously distributed 
within tle field. lhe present study \wts initiated 1to develop at method of screening seedlings 
in the grceiihouse tnder ,i controlled enviromnent and with artificial inoculation. The longevity 
of' po\wdery lildew ,porcs under extended periods of cold storaie was also examined. 

Materials and Methods 

(reenhouse screeningf. A total of 117 entries were tested including 48 advanced linL.s, 
64 lines and accessions previously reported at AVRI)C as resistant, and five susceptible checks 
(Table 3). The plants were grown in plastic pots (:\wo plants per pol, three pots per line) in 
the greenhouse and inoculated al tile seedling stage by dusting them with spores from heavily 
infected leaves. Disease ratings were taken approximately 20 days after inoculation by visually 
assessing both tlie disease severity (percentage of leaf area affected) and the infection type. 

The following classes were used for disease severity: 0, t (less than 5I/o), 5, 10, 15, 20, 
25, 30, 40, 50, 60. 70, 80, 90, and 100%. 

Drijft hout, F-., Silberuagel, M..., and 1). W. Burke. 1978. t)ifferentiation of strains of bean common mosaic 
virus. Neth. J. Pt. Patth. 84:13-26. 

Provvidenti, R. 1983. Two useful selections of ihe bean cultivar titack Turtle Soup for viral identification. Bean 
Improvement Cooperative 26:73-75. 
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The infection type was assessed as follows: I = immune; HR = highly resistant (a few 
small reddish necretic spot,; without sporulation); R = resistant (necrotic spots with very little 
or no sporulation); MR= moderately resistant (some necrosis with little sporulatlon);
MS=moderately susceptible (no necrosis, moderaze sporulation); and S= susceptible (no
pecrosis, abundant sporulation). 

Both severity and infection type were combined into an "infection coefficient" by
assigning a coefficient to each infection type (1=0; HR=0.2; R=0.4; MR= 0.6; MS=0.8, 
a.Id S = 1)and multiplying by the corresponding severity. The infection coefficient ranges fronk 
0 (immunity) to 100 (extreme susceptibility). 

Table 3. Reaction of mungbean breeding lines
 
and accessions to powdery mildew (Erysiphe polygoni).
 

Advnced Breeding Line- (1984 advanced and elite yield trials)
 
Line-' Infection Infection
Coeffic~en Line_______________ ____Coeffli intient 
VC 1000D (R) 2.5 3 VC 2770-B-15-1-B 8.5 12 

11318 6.0 12 2771A (R) 0.0 0 
1178A 40.0 50 2777A 40 8 
1502E (R) 0.0 0 2777-B-B(S)-3-B(R) 8.0 16 
1560D (R) 0.5 1 2778C (R) 4.0 8 
16478 7.5 15 2789-B-2B(S)-4-B(R) 0.5 1 
1973A 60.0 80 2302A (R) 0.5 1 
2307A (R) 0.0 0 2804-9-B-2-B 2.0 4 
2572A 40.0 50 2917-B-1-B-4-2B 55.0 70 
2719A (R) 0.5 1 3000 3B-2-B 55.0 70 
272CA (R) 2.5 5 3011-12-B-2-1-B 0.0 0 
2742-16-B-1-B (R) 0.0 0 301,1-12-B-22-B(R) 0.0 0 
2746-3-2B-2-B (R) 3.0 6 3012A (R) 4.0 8 
2754A (R) 45.0 60 3012-11-2B-1-B (R) 2.0 4 
2755A 69.0 80 3027-6-2B-1-28 (R) 0.0 0 
2762A (R) p0.0 40 3031 (R) 0.0 0 
2762-1-28-1-B (R) 0.5 1 3061A (R) 0.3 0 
2762-B-67-B-1-B (R) 1.5 3 3108-2B-1-2B 1.5 3 
2763A (R) 0.5 1 3112-B-1-1-28 32.5 40 
2764B (R) 3.0 6 3116-16-28-2-B (R) 0.0 0 
2764C 55.0 70 3116-28-2B-1-B 40.0 50 
2764-11-2B-9-B 55.0 60 3117-7-2B-2-B (R) 17.5 20 
2768A 'R) 5.5 10 3199A (R) 0.0 0 
2779B 10.5 15 3301-2B-1-1-28 (R) 16.0 20 

Lines and Accessions Previously Reported as Resistant 

1. Lines 

VC 1000B 0.0 0 VC 3108-5-1-2-1-B 0.0 0 
10000 0.5 1 3179-3B-2-B 0.5 1 
1209C 0.0 0 3199 3B-1-B 0.5 1 
1482C 0.0 0 3303-B-1-2-1-2B 1.0 1 
1482D 0.5 1 3340-1-1-2-1-28 0.5 1 
1560A 1.0 2 3471-2B-1-1-2B 0.5 1 
1560D-7-2B-1-B 0.5 3492-28-2-2-2B1 1.0 2 
2520A 1.5 3 3519-1-2-1-1 0.0 0 
2528A 0.5 1 3519-1-3-2-2 0.5 1 
2530A 32.5 40 3532-B-2-3-2 4.0 8 
2707A 1.5 2 3543-B-1-2,1 0.5 1 
2719B-18-B-3-B 0.5 1 3543-B-2-1-1 0.5 1 
2750A 0.0 0 i580-B-2-2-2 0 0 
3021-2-2B-1-B 0.0 0 3681-2-1-1-3 0 0 
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Table 3 (Continued) 
- - Lines and Accessions Previously Reported as Rosistant 

Accessions Infection Infection 
Coefficient AccessionsCoefficient 

2. Accessionb 
V 1104 

1533 
1548 
1593 
1741 
2013 
2106 
2159 
2272 
2386 
2407 
2416 
2417 
2673 
2675 
2676 
2773 
3182 

4.0 

4.0 
0.0 
0.5 
0.0 

11.5 

8.0 
1.5 
1.0 
0.0 
0.5 
0.5 
1.5 
0.C 
0.5 
2.0 
6.5 

8 
6 
0 
1 
0 

18 

16 
2 
2 
0 
1 
1 
3 
0 
1 
3 

12 

V 3912 
4186 
4189 
4207 
4281 
4574 
4584 
4631 
4658 
4662 
4668 
4717 
4718 
4799 
4883 
4966 
4967 
4990 

0.0 
0.0 
0.0 
1.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
0.0 
0.0 
3.0 
0.0 
0.5 
3.0 
0-5 
0.0 

0 
0 
0 
3 
0 
0 
0 
0 
0 
1 
0 
0 
5 
0 
1 
5 
1 
0 

Susceptible Checks 
____ Coefficient InfectionLine/Accession_________ Infection Line/AccessionInetoCoeficen ____Coefficient 

V 1944 60 80 V 3726 50 70 
1945 50 70 VC 1628A 25 30
 
3476 60 80
 

ZAdvaco,(d hr-,, dnirg ines reported ts ae' fmarked YThe columrnar1siAivt (R), 1st is 1he average 
infection coetficient over thiee repliates) the 2nd columtn is the highest coefficient. 

Longevity of s)orcs in cold storage. Thc sporcs were sucked from infected plants in
the greenhouse with a small aspirator (miclocyclone ty-pe) coupled to a vacuutm waier pump.
They wer, stored at 5'C in gelatin capsules. ,lali of the capsules were sloted in a desiccator 
containing ('aClk crystals. ln,'ectivity \as determined viuallv at Monuhlv intervals by dusting
part of the spore itiaterial over detached healthy inungbean leaves whose petioles were 
immersed in water. To det,.rmine viabiiity, a small hit of spore powder was d;1sted cn a glass
slide kept in a moist petri dish. Spore germination was checked Uader tl'e microscope after 
24 hr. 

Results 

Greenhouse screenin,. The results ate :,ummarized in Table 3. The present data
generally confirm previous results. Some ditTerencts were found, however. Advanced breeding
lines VC 3011-12-13-2-I-B, 3108-213-1-213, 2804-9-13-2-13, and 2777A were not reported resistant,
but turned out to be highly resistant in the present study. Lines VC 2754A and 2762A which 
were reported resistant, were found susceplil ,. in this screening.

For the rest of the accessions and lines ple' iously reported resistant. the present results 
agreen closely. Almosl all the ut riCs were foutid highly resistant. A total of 29 accessions 
(out of 36) and 26 lines (out of 28) were immune or nearly itnilne to powdery mildew. The
only serious discrcpancy was found it litic VC2530A which was moderately susceptible in 
this Study. 

The restil .1s 0 thlie gtreernho use ',creening techniqitle with artifiCial inoculatior were found 
very similar to those of previous field screenings that have used natural infection. Seedling 
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screening in the greenhouse had the following advantages: it saved both time and space, allowed 
a more accurate disease scoring, and could be done year round. 

Ionecvity of powdery mildew spores incold storage. The spore material stored in thecold room-both in or ouLtside the desiccator-was foutnd infectious after at least six monthsin storage (Il1e Study is still ongoing). Spore viabilitv-as uMeasured by percentage of germination
decreased, btt vas still high after a six-month siorage (Table 4). Storage in the desiccator
did not have any appreciable effcct on spore germination.

The iigzh longevity of powdery mildew spores in cold storage is another advantage ofthe greenhouse screening (cchniqtie as, in periods of interrupted screening, ilW,,:tlurm can bestored in the cold room for several months and used whenever needed to start new infections. 

Conclusion 

More use should be made of the greclouse screening technique in the AVRDCmungbean improvement program in vie s of the advantages it has over conveniona! field 
screening using natural infection. 

Table 4. Viability of mungbean powdery mildew spores after different periods 
of cold storage. 

Germination (%)
Storage Condition months in storage 

1 2 3 4 5 6 
50C, desiccator 90 86 79 75 76 72
5C,,o desiccator 88 89 75 70 72 65 



Soybean Breeding 

Germplasm Collection 
Introduction 

Germplasm provides the necessary genetic variability for the plant breeding program.
It is estimated that roughly 30% of the world soybean germplasm resources is yet to be
collected, documented, and utilized. Therefore, AVRDC will continue to collect and obtain 
germplasm from all possible sources. 

Materials and Methods 

Through communication with potential agencies who have new germplasni collections,
attempts were made to obtain them. The International Board for Plant Genetic Resources
(IBPcR) organized a legume-germplasm ,'odlection trip to Laos, and AVRDC, in cooperation
with Jananese, Thai, and Laotian scientists, collected soybeans, in addition to other legumes.
The FAO/IBPGR joint soybean-germplasm collection missions in Vietnam and Zambia shared 
the collected materials with AVRDC. 

Results 

From nine countries, 1,807 accessions were received bringing-he total collection to 12,330 
(Table I). Notable among the new accessions are the yellow-seeded mutant from the black-

Table 1. Soybean germplasm collection at AVRDC, 1984.z 
Source No. of EnriesY 
Country total subtotal Remarks
 
Australia 
 1 1 
India 4 4 Mutants from Kalitur
Indonesia 127 1 Gigas mutant 

126 
Japan 1 1 
Laos 
 26 26
 
South Africa 66 66 
U.S.A. 1,556 1 White fly resistant(?) 

1 Contains gene Ixllx 14 Resistant to defoliators(?) 
8 High protein 
1 Contains gene Ix31x3 

1,541
Vietnam 22 22
 
Zambia 
 4 4 

Total 1,807
 
ZTotal at the end of 1983 10,523: total at the end of 1984: 12,330. 
 YMost of the entries are still under
 
observation; thereto,e, acession numbers 
 have not been assigned to the new entries. 
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seeded popular cultivar Kalitur from India and a gigas mutant from Indonesia. Two accessions
from the U.S.A. which lack lipoxygenase I and 3 are also noteworthy if they are devoid of 
beany flavor. 

Conclusion 

Valuable additional germplasm has been added to the collection. Documentation of these 
accessions will help disclose genes useful for our breeding program. 

Evaluation of Germplasm 

Introduction 

Evaluation of gerrnplasm will reveal genotypes which are valuable for the breeding 
program to accomplish the defined objectives. 

Materials and Methods 

As part of an IBPGR documentation project of soybean germplasm, 2,898 AVRDC 
accessions were evaluated. Planting was made on February 20 and 21 and again on August
26, 1984. Each entry was planted on two, one-meter-long rows on a raised bed with plants
spaced 50 cm between rows and 10 cm between hills. Two seedlings were planted per hill.
Observations were made on 25 characters following the IBPGR Soybean Descriptor list. The
processing of the data is yet to be completed, but the preliminary results are here presented. 

Results 

Sitce the plot size is small the absolute yield should be viewed with caution. Therefore,
the yield data should be takeii as a relative measure for choosing potential genotypes to be
evaluated in more detail in large plots. The 10 highest yieldinp, entries and their selected
attributes are given in Table 2. Accessions which matured in 79 to 85 days and had yielda 
potential of more than 3 t/ha are given in Table 3. 

Among the 2,898 accessions evaluated, 26 had a combination of gray pubescence, large
seed size, more number of pods per plant, and the characteristics similar to G9053, a vegetable
soybean (Table 4). They were selected for further evaluation. 

Table 2. Ten selected high-yielding accessions of the soybean-germplasrn 
observation trial at AVRDC.' 

Acc. No. PI No. or Original Yield No of Plants DM 100-Seed 
Name Source (t/ha) at Harvest W, (g) 

G9642 UPL-SY2- Philippines 7.4 49 ill
G10383 ZFA3227 Zambia 6.9 42 116 

18 
15


G10253 Hwalien Selection No. 4 Taiwan 6.7 41 116 24 
G5084 Kohpne Daizu Japan 6.3 40 120 11
G10156 Sable Zimbabwe 6.2 30 121 17
G9700 KLV26 Korea 6.2 47 114 15
G9828 KLV161 Korea 6.1 38 110 29
G2854 Kinai-Kurosengoku Japan 6.1 33 104 15
G2509 Davis Columbia 6.0 31 104
G3725 Var. Card No. 214 Pelican Australia 5.8 29 115 

18 
15 

1-20-0, 69-133
 
zPlanted in February 1984. YDays to maturity.
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In the August 26, 1984 planting, G10178 (CI-I from Kaohsiung DAIS) and G10348(Ohsode early from Japan) were found to be almost free from soybean rust, which finding
needs to be confirmed. 

Conclusion 

A preliminary selection from the germplasm collection has been made on the basis ofearly maturity, high yield potential, and suitability as vegetable soybean. They will b:,-valuated 
n more detail. 

Table 3. Eight selected early-maturing and high-yielding accessions.z 
Acc. No. 
 PI No. or Origina! Yield No. of Plants 100-Seed

Name Source (t/ha) at Harvest Wt (g)G9784 KLV1 16 Korea 3.1 36 79 	 21G3699 Var Card No. 180, 69-370 Australia 3.2 38 81 11 
Ling-Pu-Ta-Tou

G5106-B Unknown Japan 4.6 33 83 24G2865 Jin-nai Japan 3.2 42 85 12G2794 Wase-daizu 11 Japan 3.6 54 85 16G10163 SS77054 Korea 4.1 50 85G2930 Higomusume Japan 
20 

3.2 56 	 85 17
G2744 Suzumame Japan 3.3 48 85 14
1Selected from 2,898 accessions planted in February, 1984 at AVRDC. Days to maturity. 

Table 4. Twenty-six 	accessions selected as suitable vegetable soybeans.z
 
Acc. No. 
 PI No. or Name 	 Original 100-Seed Yield 

Source Wt (g) (t/ha)
G10490 Kinshu Japan 45 3.0 98 18
G10168 Yukirname 
 Taiwan 45 3.5 100 16
G3231 KLS303-2 
 Korea 42 	 2.7 98 13
G10161 Banseykokok 	 Korea 41 2.5 95 16
G3227 KLS301-2 Korea 40 2.8 98 13
G10489 Hokai Shirogewase Japan 38 2.9 98 15
G10522 Wase Hakucho Japan 38 2.4 94 
 14
G10479 Tamasudare Japan 37 	 2.5 101 15
G9373 KaeriGnt 131-8 Korea 37 	 2.8 94 16
G10502 Fukumusume Japan 37 	 2.1 95 11
G10134 Ryokkoh' 
 Taiwan 36 1.2 106 13
G10514 Shirojishi 
 Japan 36 2.5 97 12
G9972 Hakucho 3 
 Japan 36 2.7 95 15
G9821 KLV154 
 Korea 36 4.7 98 17
G10505 Shiranui Ichigo #1 Japan 35 2.5 
 98 15
G3181 KLS131-1 Korea 35 	 2.5 100 19
G10515 Suzumo Hakucho Japan 34 2.9 88 13
G9970 Fulbasket Japan 34 2.9 92 14
G10486 Sagimidori 
 Japan 33 	 2.6 94 13
G10487 
 Green Homer Japan 33 2.8 90 14
G1999 Ou-yuan Early 1 Taiwan 33 
 1.3 95 16G3168 KLS122 
 Korea 33 2.1 101 22
G2047-A Early Oku-hala Taiwan 32 
 3.5 95 14G2186 Chodaedu Korea 31 2.1 84 27
G4861 Tousan 65 
 Japan 31 3.3 101 22
G9948 Zen Wu #2' 
 Taiwan 30 	 2.0 106 15
'Selected from 2,898 accessions planted in February 1984 at AVRDC. Days to maturity. xVegetable

soybeans in Taiwan. 
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Hybridization Program 

Introduction 

Hybridization is done to add desirable characters to a superior cultivar or a selectionwhich lacks them. Through hybridization new combinations and recombinations of genes areexpected which can be selected in succeeding generations, provided appropriate selection
methods are employed. 

Materials and Methods 

Thirty-one accessions with desirable characters, such as resistance or tolerance to diseasesand insects were crossed with 33 promising AVRDC Glycine selections (AGS) to make furtherimprovements. The crosses were mostly made on plants grown in the greemhouse from March 
to October. 

Results 

To combine resistance or tolerance to rust, soybean mosaic virus, bacterial pustule,downy mildew, beanfly, and defoliating insects, 146 crosses were made. In order to improvethe yield potential of vegetable soybeans, 19 crosses were made. Nineteen other crosses weremade to ac.oinplish additional objectives (Table 5). 

Conclusion 

In the succeeding generations, by applying a suitable selection technique and pressure,improved selections with the necessary disease and/or insect resistance or tolerance combinedwith high yield and wide adaptability may be expected from the new hybridizations. 

Table 5. No. of crosses made in 1984 at AVRDC. 

Objectives No. of
Crosses 

Resist&-iceltolerance to rust 60
Backcross for resistance to SMV 
Backcross for resistance to beanfly 

54 

Improvement of vegetable soybean 
14 
19Backcross for narrow leaf 

Incorporation of genes with less lipoxygenase 
3 

Resistance to bacterial pustule (BP) 
10 

Resistance to BP and downy mildew (DM) 
9 

Incorporation of photoperiod insensitivity 
5 
2

Inheritance of G9053 podding type 4
Resistance to defoliating insects 4 

Toial 184 

Breeding for Photoperiod Insensitivity 

Introduction 

The object was to identify photoperiod-insensitive selections first and evaluate them foryield potential in later generations. FI plants from 30 crosses which had at least onephotoperiod-insensitive parent were planted in February 1983. The selected photoperiodinsensitive F2 plants were planted in September 1983. 
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Materials and Methods 

Seeds from selected F3 plants were planted on March 26, 1984. F2, F3, and F4 plants 
were grown with artificial light to extend the natural photoperiod to 14 hr. The light intensity 

1at plant canopy was about 58 to 64 I.En- 2S - PAR. Seeds from each plant were planted in 
a 3 x 0.5 m plot. Observations were made on days to flowering and days to maturity. 

Majority of the entries which neither flowert-d nor matured were discarded in the F2, 
F3, and F4 generations. Those that did were harvested to further advance the generation and 
evaluate their photo-periodic response in the September season. 

Results 

A sample of entries selected from the F4 generation is presented, along with the 
photoperiod-insensitive check G215. in Table 6. Photoperiod-sensitive check G2120 did not 
flower even by the time the F4 plants matured. Out of 233 lines evaluated, only three did 
not mature. 

Conclusion 

In the September season, homozygous rhotoperiod-insensitive selections will be 
identified in the F5 generation which will be evaluated for yield in replicated trials in the 
February, July, and September seasons of 1985. The yield potential of these selections will 
be compared with their parents. 

Table 6. Selections from the screening of the F4 generation for insensitivity 
to photoperiod under 14 hr.' 

Pedigree Days Days toDesignation toPedigree DasMo-ayFt 
Designation Flowering (DF) Maturity (DM) 
GC82105-7-6-6 Pine Dell Perfection 37 90 53 

x (SRF400 x P1297550) 
GC82137-10-12-12 PI153240 x Takii's 34 86 52 

Extra Early 
GC82137-10-13-9 q 85 52 
GC82137-11-10-9 34 87 53 
GCa2137-1 1-12-6 45 89 44 
GC82137-10-13-6 30 83 53 
GC82137-10-13-10 " 32 85 53 
GC82137-10-15-8 34 87 53
 
GCB2137-11-12-8 " 32 86 54
 
G215 (Ck) 34 89 55
 

zTotal number of selections evaluated: 233.
 

Yield Potential of Photoperiod-Insensitive Accessions 

Introduction 

Although photoperiod-insensitive accessions were identified in the gerrnplasm, their yield
potential was not fully investigated. From literature it was assumed that they were generally 
poor yielders, therefore, they were utilized in the breeding program. The objective of this 
experiment was to determine the variability in yield potential of the photoperiod-insensitive 
accessions in different seasons. 
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Materials and Methods 

On February 24 and July 14 a total of 101 accessions and five checks (G2120, AGS62,
AGSI29, AGS130, and AGSI54) were planted. A randomized complete, block design with 
two ieplications was used. Plot size was 2 x I m. Each entry was planted in two rows 50 
cm apart and 10 cm between hills with two plants per hill. Observations were made on major 
agronomic characteristics. 

Results 

The mean days to maturity in the February and July plantings were 98 and 81 days,
respecively (Fig. I). From the distribution of the entries in different maturity categories, it 
was obvious that either temperature or photoperiod and temperature influenced the maturity
duration of the photoperiod-insensitive accessions. Similar variability for yield was also 
observed between February and July seasons. The mean yield in February was higher than 
that of July (Fig. 2). 

In the February planting, G386 gave 3.9 t/ha in 106 days compared to AGS129's yield
of 3.6 t/ha in 11I days. Ilowevcr, in the July planting photoperiod-sensitive G2120 gave 4 
t/ha in 106 days compared to 3.5 t/ha in 87 days by AGS129. 

Photoperiod-insensitive accessions with high yield potential combined with early maturity
in one or two seasons are given in Table 7. G782 and G180 appeared to be the best performer.
The results also sutegest that AGS62, AGSI29, and AGSI30 have fairly stable high yield
although the days to maturity vary with season. 

Conclusion 

Upon obtaining the results from the September season all the three data will be analyzed,
and high-yielding photoperiod-insensitive accessions will be selected for further multilocational,
multienviron-mental evaluation through AVRDC Soybean Evaluation Trial (ASET), if found 
suitable. Otherwise, they will be used in breeding for further improvements. 

Preliminaiy and Intermediate Yield Trials 

Introduction 

Promising breeding lines undergo preliminary (PYTs) "ind then intermediate (IYTs) yield

trials. Both PYTs and IYTs are conducted in the February, July, and September seasons of
 
the same year. Lines selected from IYTs are included in advanced yield trials (AYT).
 

Materials and Methods 

The PYTs werc conducted in three groups and the IYTs, in two groups. Tile details 
on experimental design and dates of planting are given in Table 8. For the February-planted
PYTs and IYTs, a split plot design was used. The main plot was maintained with and without 
fungicide protection, and the subplots were genotypes. Plot sizes for the PYTs and IYTs were 
3 x I m and 3 x 2 in, respectively. The PYTs had two rows per plot while the IYTs had four 
rows; both trials had two replicates. 

For the fuhgicide treatment, Dithanc M-45 was sprayed from April 10 to 24, 1984 when 
the first rust symptoms were observed in PYT and IYT. Thereafter, three more sprays were
given on April 24 (PYT alone), May 3, and May 10, 1984 for both trials. Data for all the 
agronomic characters were collected and analyzed. Selections were based on yield, minimum
yield reduction due to rust, days to maturity, and adaptability to more than one season. Since 
there was no serious rust in the July planting season, a regular lattice design was used. 
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Fig. 1. Frequency distribution of photoperiod- Fig. 2. Frequency distribution of photoperiod
insensitive accessions for days to insensitive accessions for yield. 
maturity. 

Table 7. Selections from photoperiod-insensitive accessions for high yicld 
and early maturity in one or two seasons. 

PI No./Name/ Yield Days to Days to 
Acc. No. Pedigree (t/ha) Flowering MaturityFeb. July Feb. July Feb. July 

G782 81035 	 3.5 3.0 47 34 97 75 
G1034 68466 486 2.7 1.8 38 30 98 88 
G1611 153297 2.6 2.0 43 32 96 82 
G230 238920 2.5 1.9 47 38 91 83 
G788 82263-3 828 2.5 1.4 37 31 98 90 
G190 189869 2.5 2.0 34 28 98 83 
G1032 68446 478 2.5 1.8 34 30 95 88 
G480 92565 2.4 2.2 38 28 97 79 
G180 180516 2.4 2.3 46 32 90 73 
G216 194648 1.8 2.4 46 29 98 75 
G965 189959 2.1 2.3 39 30 96 75 
G277 153305 1.5 2.2 43 30 100 77 
G181 180517 2.1 2.1 51 32 94 76 
G2120 (Ck1 ) 86736 -y 4.0 - 63  106 
AGS62 (Ck2) SRF400 x P1297550 2.4 2.3 38 32 106 86 
AGS129 (Ck3) Shill Shih x SRF400 3.7 3.5 49 37 111 87 
AGS130 (Ck 4) TN #4xYagi 1 2.7 2.7 55 43 109 90 
AGS154 (Ck,) AGS2 x PI194647 2.8 1.8 47 35 109 87 

LSD (.05) 	 0.87 0.88 7 5 10 9
 
'Highly r4,I:;tont to bacterial pustule arnd downy mildew. YG2120 did not mature 
 when the trial was 
terminated 

Table 8. Date of planting and experimental design of PYTs and IYTs in 1984.' 

Experiment Design Date oi Planting 
spring summer spring summer 

PYT I split-plot lOx 10 double lattice Feb. 8 July 27 
PYT II split-plot 12 x 12 double lattice Feb. 8 July 27 
PYT Ill split-plot 9x 10 rectangular lattice Feb. & July 26 
IYT I split-plot 7x 8 rectangular lattice Feb. 8 July 13 
IYT II split-plot 7x 7 double lattice Feb. 7 July 13 

'PYT =preliminaty yield trials, IYT= intermediate yield trials. 
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Results 

February planting. In all the PYTs, there were no significant differences between thefungicide and nonfungicide treatments and between fungicide and genotype However, therewere significant differences between genotypes (Table 9). In PYT I and II none of the entrieswere significantly higher yielding than the check Shih Shih; but in PYT 1II, I1 entries fromfour crosses significantly outyielded it by 30 to 53% (Table 10).
 

Table 9. Analysis of variance of PYTs in 
 the February planting, 1984 AVRDC. 

Source 
DF 

Fungicide (F) 1 
Rep 1 1 
Error (a) 1 
Genotype (G) 96 
FxG 96 
Error (b) 192 

CV (%) 
Mean yield 
'MS = mean square, ** 

Table 10. Mean 

Cross Designation 
GC60002-2-10-8 
GC60014-7-30-8 
GC60035-1-15-8 
GC60011-4-8-6 
GC60035-1-15-6 
GC60035-1-15-11 
GC60035-1-15-10 
GC60002-2-10-10 
GC60011-4-8-9 
GC60011-1.18-6 
GC60014-10-1-22-9 
G38 (Shih Shih) (Ck) 
G42 (Ck) 

Mean of 90 entries 
CV (%) 

PYT 1 
MS F-value 

6784436.1 1.4 N6 
479560.3 0.1 NS 

4856144 
2804209.9 8.6* 

169811.2 0.52 NS 
328161.4 

19.0 
3.0 t/ha 

Trials'
 
PYT 2 


DF MS 

1 14691787.1 
1 236.7 
1 25562217.8 

143 990397.4 
143 225675.6 
286 236255.0 

significant at the 0 0/level: NS:: not 

yield of high-yielding genotypes in 

PYT 3 
F-value DF MS F-value 
5.73 NS 1 29080368.4 3.85 NS 
0.0 NS 1 2706835.7 0.36 NS 

1 7547979.3 
4.19"* 89 879807.4 2.38* 
0.96 	NS 89 261881.8 0.71 NS 

178 369515.1 

14.0 18.0 
3.5 t/ha 3.3 t/ha 

significant. 

PYT III in the February planting. z 

Yield (t/ha) Days to Maturity 100-Seed Wt (g) 
4.6 110 20 
4.4 	 115 18 
4.2 	 115 20 
4.2 	 114 18 
4.2 	 114 20 
4.2 ,16 	 20 
4.1 115 20 
4.1 110 18 
4.0 114 15 
4.0 115 20 
3.9 114 11 
3.0 107 21 
1.6 109 20 

3.3 114 	 18 
18 2 6LSD (.05) 	 0.85 3 2
 

'PYT - prelininary yield trial
 

Although the first rust symptom appeared just prior to R, the development andprogress 	of the epidemic was not severe enough to affect 	the yields. A mild disease infectionand some level of tolerance inimost of tile genotypes resulted in insignificant differencesbetween 	the Itimgicide and nonfunnicide Ireatments. However, since there was a large numberof gcnotypes using tlh fungicide as the main plot, the experimcn-tal design was not sensitive 
enough to identify flhe differences. 

Similar to PYTs, in IYT I and If the differences between fungicide and nonfungicide
treatment (main plot) and the interaction between tile main plot and 	the subplot (genotypes)were insignificant. The mean yield of genotypes with fungicide in IYT I was 2.8 I/ha andwithout fungicide, 2.2 t/ha. In IYT I1 the mean yields with and without fungicide were 2.6 
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and 1.7 t/ha, respectively. Four entries had 25 to 33% significantly higher yields tnan the 
checks Shih Shih, AGSI81, and AGS182 (Table 11). In IYT II only GC60038-3-7-12-10-7 with
3.1 	 t/ha significantly outyielded the high-yielding check AGSI81. 

In the majority of the trials in the February planting, late maturity was significantly
correlated with high yield (r=0.44** to 0.56**). Since there was highly significant correlation
between yield and the treatment with and without fungicide in all the PYTs and IYTs
(r=0.65** to 0.89"*), it appears that we can make high-yielding selections either xith or 
without fungicide and expect to have tolerance to soybean rust. 

July planfting. In the July planting 16 selections from PTY 1, 31 	 from PYT 11, and
33 from PYT Ill significantly outyielded the checks Shih Shili or G42. The yield ranges in
PYT 	I, 11, and Ill were 0.5 to 3.1 t/ha, 1.3 to 3.0 t/ha, 1.2 to 2.6 t/ha, respectively. A
few selected high-yielding entries from each of the PYTs are given in Tables 12, 13, and 14. 

Among the IYTs planted in July, AGS66 was the highest yielder in IYTI in 87 days
(Tablc 15). AGS129 was on par with AGS66 on yield in 89 days. Six entries had yields higher 
than AGSI82 and G2261. 

In IYT-Il, GC60068-9-11 was the highest yielder oil par with AGS129 (Table 16). Four
entries had higher yield than the check AGS182. 

Conclusion 

A number of promisihg selections have been made in PYTs and IYTs for either IYT 
or AYT, respectively. 

Table 11. High-yielding selections from IYT I in the February planting!
 
Cross Designation Yield (tha) 
 Days to Maturity 100-Seed Wt (g) 
GC60066-237B-7-10-6-7 3.2 	 111 16 
GC50261-I-21-6-1 3.0 	 110 15 
G050106-11-79-9-6-6-8 3.0 112 13
 
GC50227-5-27-6-13 
 3.0 112 18
 
G38 (Shih Shih) (Ck) 2.4 102 
 19 
AGS181 (Ck) 	 2.4 99 18 
AGS182 (Ck) 	 2.3 97 18 

Mean 	 of 53 entries 2.5 110 7 
CV (%) 	 14 2 3

LSD (.05) 0.49 
 4 2
 

'IYT -- interniedlale yield . al.
 

Table 12. High-yielding entries selected from PYT I in the July planting, 1984.z
 
Cross No. Pedigree Yield DMY 100-Seed
 

Designation (It/ha) Wt (g)
 
GC60045-3-6-7-7-54 Shih Shih x Clark 63 3.1 80 
 14 BP'

°G10223 P27 	 2.9 85 11 BP 
G10146 SJ239 	 2.7 100 10 BP

GC60045-3-6-7-7-72 Shih Shih x Clark 63 
 2.6 80 14 OP
 
G10154 Hwei Tao Hwang 2.6 73 14
 
G10296 P1131702G 2.5 83 13 BP
 
G38 (Ck) Shih Shih 2.0 
 72 13
 
G42 (Ck) Mikawashima 1.3 76 19
 

Mean 0.2 81 12
 
CV (%) 
 9 6 5
 
LSD (.05) 
 0.37 9 1 

py]-=prehinimary yield trial. YDays to maturity 'Field resistant to bacterial pustule. 
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Table 13. High-yielding entries selected from PYT II in the July planting, 1984.z 

Cross No. Pedigree Yield 100-SeedDesignation (t/ha) Wt (g)

GC60087-7-6-10-8E-71 
 Shinsei x P1248407 3.0 84 17 BpxGC60087-7-6-10-8E-65 2.8 84 14 BPGC60038-3-7-12-10-7 8 1 UPSL-85xTN #4 2.8 83 12 BPGC60087-7-6-8-7E-22 Shinsei x P1248407 2.7 81 17 BPGC60049-5-6-6-12-7-55 PI194647xClark 63 2.7 76 13 BPGC60038-3-7-12-10-7-3 UPSL-85xTN #44 2.7 84 12 BPGC60058-12-6-6-1-13 P1248407xAGS #2 2.7 79 11 BPG42 (Ck) Mikawashima 2.1 70 20G38 (Ck) Shih Shih 1.9 75 11
 

Mean 
 2.2 83 12CV (%) 8 2 6LSD (.05) 0.32 2.4 2
2PYT =preliminary yield trial. YDays to maturity. 
 'Field resistant Io bacterial pustule. 

Table 14. High-yielding entries selected from PYT III in the July planting, 1984. z 
Cross No. Pedigree Yield 100-Seed 
Cross 
 Designation (t/ha) DM Wt ( Remarks 
GC60011-1-32-11 Clark 63xTN #,t 2.5 87 12GC60058-15-1-20-11 P1248407xAGS #2 2.5 86 8 BPxGC60011-4-41-11 Clark 63xTN #4 2.4 88 14GC60011-4-17-9 2.4 87 15 BPGC60011-1-18-10 " 2.4 87 13G38 (Ck) Shih Shih 1.8 75 12
G42 (Ck) Mikawashima 
 1.6 72 21
 

Mean 
 2.0 86 13CV (%o) 8 1 4LSD (.05) 0.32 2ZPYT =preliminary yivid trial. 
1 

YDays to maturity. xField resistant to bacterial pustule, 

Table 15. High-yielding sulections from IYT I ii the July planting, 1984.2
 

Cross No. Pedigree
Designation 100-Seed(I/ha) DMY tield10(g)
GC50261-1-21-6-1 KS739 x Akiyoshi 3.2 86 12GC60066-107A-20-15-6.9 PI317334A x AGS #2 3.1 93 11K98-9 2.9 89 15GC60087-7-6-9-8E Shinsei x P1248407 2.9 90 17GC60066-237B-7-10-6-7 PI317334AxAGS #2 2.9 90 11GC60087-7-6-10-7E Shinsei x P1248407 2.9 91AGS66 (Ck) Forrest x Shih Shih 

17 
3.3 87 11AGS129 (Ck) Shih Shih x SRF400 3.0 89AGS181 Shih Shih x P1230971 2.6 81 

13 
15G226; TN15 2.4 81 14G38 Shih Shih 2.4 81 14AGS182 Shih Shih x P1230971 2.3 81 14G10381 KS8 2.1 95 16
 

Mean 
 2.5 89 13CV (%) 6 2 4LSD (.05) 0.32 4 1
zlYT = intermediate yield trial. YDays to maturity. 
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Table 16. High-yielding selections from IYT-II in the July planting, 184.z 

Cross No. Pedigree YO0-Seed
Designation Yield (t(ha) DMY 10-Sg) 

GC60068-9-11 PI317334BxAGS #2 3.4 90 12 
GC60068-9-9 3.0 94 10 
GC60068-9-6 " 3.0 97 11 
GC50299-7-6-6 Jaerae #12xTN #4 2.9 89 12 
AGS129 (Ck) Shih ShihxSRF400 3.1 94 13 
AGS182 (Ck) Shih Shih x P1230971 2.3 87 14 
G2261 (Ck) TN15 2.2 83 15 
AGS181 (Ck) Shih Shih x P1230971 2.2 84 15 
G38 (Ck) Shih Shih 1.7 86 13 
G42 (Ck) Mikawashima 1.2 83 23 

Mean 2.3 93 13 
CV (%) 9 3 4 
LSD (.05) 0.42 5 1 

zlYT- intermediate yield trial. YDays to maturity. 

Preliminary Yield Trial for Vegetable Soybean 

Introduction 

Vegetable soybcjns canl be grown even during the rainy season when other vegetables 
are in short supply. They can also serve as an export and cash crop providing employment
opportunities in rural areas. From Taiwan $30 million worth of vegetable soybeans are 
exported ann1ually to .lapan. New accessions from observational trials have been included in 
a preliminary yield trial this year. 

Materials and Methods 

Fifty-six accessios were planted on February 10, 1984. Tzurunoku and Ryokkoh were 
included as checks. Plot size was 3 x 2 in and each plot had four rows. The plants in the 
middle two rows were harvested for yield evaluation. Those in the remaining two end rows 
were harvested to save tie seeds. A 7 x 8 lattice design with two replica-tions was used. 
Observations were made on pod length, pubescence color, number of pods per kilogram, 
percentage of two or imore seeded pods, and yield. Selections will be based on all the above 
parameters. 

Results 

Four acccs:sions significantly outyielded the check G9053 for pod weight by 19 to 31% 
(Table 17). Three accessions outyielded the check for whole plant weight. All the selected 
accessions except G4035, had more than 50 g green seed weight. The high yielders had a high
percentaige of (90(Vo or more) two-or three-seeded pods. lowevcr, pod size was small in many
of then resulting in more pods per kilogram than are required for (lie frozen soybean market 
which needs 350 or less pods per kilogram. Compared to the check cultivars, four selected 
entries were late matturitg. 

Conclusion 

Six new accessions have been selected !or inclusion in the new AVRDC vegetable soybean
evaluation trial (AVSET). Results from the July planting will be compared in making the 
final selection for the 1986 AVSET. 
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Table 17. Selections with high yield potential and good vegetable soybean characteristics. 

AVRDC 
Acc. No. 

G4035 

G2246 

G10139 

G6852 

G10504 

G10522 

G9053 (Ck) 
G10134 (Ck) 

Mean of 56 Entries 
LSD (.05) 

ZDays to maturity. 

Introductiom 

Yield (t/ha) Two or MoreSeeded Pods No. ofpod whole plant Wt (gt (ods Pods/kg
wt DMZ1"o


13.5 31.3 39 90 662 102
 
13.3 24.8 
 51 90 
 446 96

12.7 29.4 62 93 398 102

12.3 23.5 81 
 83 305 96

10.7 21.3 86 
 67 283 88

10.8 20.8 
 63 
 86 418 80

10.3 22.2 62 81 425 88
11.5 25.1 88 71 283 88 

9.1 18.7 58 82 - 84 
0.97 1.6 9  4 

Mutation Breeding 

A mutant following irradiation of AGS2 was less sensitive to photo-period than AGS2.Following the preliminary yieid trial (PYT), selected entries have been included in an 
intermediate yield trial (IYT). 

Materials and Methods 

In order to evaluate the selections for soybean rust in the February planting, a splitplot design was used. 'rhe treatment with and without fungicide served as the main plot whilethe genotypes were the subplots. In the July planting a lattice design was used. The detailsof the experiment are given in Table 18. Observations were made on the major agronomiccharacters. Protein and oil contents were also determined. An early maturing accession, G42,and the late maturing parent of the mutant, AGS2, were used as checks for comparison. 

Results 

Unlike the other PYTs and IYTs, i] the February planting, significant yield differences(at the 5% level) were observed between the treatments with and without fungicide (Table19). The mean yield with fungicide was 3.1 t/ha, while without fungicide it was 2.5 t/ha.Even after 117 days when all the mutants were harvested G2120 was still in the R5 stage andcould not be harvested. All the mutants significantly outyielded the check G42.The correlation bct\. 2en yield with spray and without spray was highly significant[r = 0.60** (Fig. 3)]. There were significant differences in yield between fungicide tr-eatmentsin 19 genotypes, including the check G42. In spite of high rust-infection levels in some ofthe mutant lines the yield potential was high (Table 20). The !ate-maturing genotypes yieldedhigher (r =0.814**), and as the seed size decreased the yield increased (r =0.78**). It was alsointeresting that small seed size was associated with late mao.rity (r = 0.93**). 

Table 18. Details of the IYT with selectecd AGS2 early mutant.z
 
Date Planted Date Harvested Expt. Design Plot Size 
 Harvested Area No. of Entries Replicates

Feb. 8 June 5 split-plot 3m x 2m 6m 2 
36 2 

July 14 Oct. 13 6x6 lattice 3mx2m 6m2 36 2
 
1lYT = inermediae yield trial.
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Table 19. Analysis of variance of the IYT of AGS2 early mutant selectionsz 

Sou'ce Degree of Freedom Mean Square F-Valuey 
Fungicide (F) 1 14151095.6 290.7 * 
Rep 1 559468.4 11.5 NS 
Error (a) 1 48679.6 
Genotypes (G) 34 294206.4 4.41 * * 
FxG 34 41126.1 0.62NS 
Er or (b) 68 66706.3 

'IYT= intermediate yield trial. YSymbols: *=significant at the 005 level; NS =not 
,significant * * significant at the 0 01 level. 

3 [ Main plot F-value: 290.7* 
3.0

on 
Fig. 3. 

5 2.0- "Relationship between yield with fungicide and yield 
o0 without fungicide in the IYT M7 in the February 

.r_ ,-season. 
"I Y=O.607X# 0.5846 

r :0.€02 

1.0 2.0 3.0 4.0 

Yield with Fungicide ( t / ha) 

Thble 20. Entries selected from the international yield trial of the M7 generation 
for high yield under nonfungicide treatmentz 

G2120 Days to 100-Seed 
Mutant 
Line No. WF WOF 

Maturity 
WF WOF WF 

Wt (g) 
WOF WF WOF 

111-3 3.3 29 113 111 9 8 5 30 
24-2 3.3 2.8 112 111 8 8 3 40 
35-5 32 2.8 114 110 9 7 3 40 
39-5 3.2 2.8 113 11l 9 7 5 40 
96-2 3.2 2.8 112 109 8 8 0 40 
69-4 3.5 2.8 113 111 8 8 3 50 
52-3 3.0 2.7 113 111 8 8 3 25 
71-3 3.2 2.7 113 110 8 7 3 40 
G42 (Ck) 1.8 1.1 95 96 21 22 0 0 

LSD (.05) 
within fungicide 0.52 2 1.0 
between fungicides 0.57 

zwF -vii, fungicide treatment. YWOF without fungicide treatment. 

The mean yields of mutant lines in the February and July plantings were 2.8 0.26 and 
2.4±0.16 t/ha, respectively. The mean valueS for the other agronomic characters of the 
mutants are compared to the checks G2120 and G42 in Table 21. Although the yield of the 
mutants did not differ significantly from the yield of G2120, the' matured 18 to 24 lays
earlier than (2120 (Table 22). The 13 mutant lines have been selected for evaluation in 
advanced yield trials in i985. The protein content of' all the mutant lines were similar in both 
the February and July plantings and to G2120. The oil contents of the mutants in the February
planting were slightly higher than those in the July planting (Table 22). 

http:2.4�0.16
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Table 21. Mean values of agronomic traits of the M 7 generation planted 
in February and July. 

Checks

Mean for Mutant LinesVariable 32120 G42 

Feb. July Feb. July Feb. July 
Yield (t/ha) 2.8 ± 0.26 2.4 ± 0.16 NA' 2.7 1.5 1.5 
Days to flowering 64 ± 1.28 44 ± 0 75 74 68.0 51.0 41.0 
Days to maturity 111 ± 1.08 85±1.66 NA 106.0 95.0 81.0 
100-seed wt (g) 8.5±0.56 5.9 ±0.19 NA 6.9 21.6 21.4 
Yield/day/hectare 25.3 ± 1.28 28.6 ± 2.78 NA 25.2 15.4 18.0 
Protein (0/o) 44.5±0.56 45.07 ±0.35 NA 45.27 45.9 45.93 
Oil content (0/6) 19.3±0.32 18.30±0.26 NA 18.22 18.0 19.56 

ZNA: Data not available 

Table 22. Thirteen high-yielding mutants selected from the intermediate yield trial 
of the M7 generation planted in February and July. 

y
G2120 Yield' (t/ha) DM Protein (0/b) Oil (%)
M7 No. Feb. July Feb. July Feb. July Feb. July 
69-1 3.1 2.3 112 82 42.9 45.2 19.6 18.2 
69-4 3.1 2.5 112 85 44.2 44.8 19.8 18.4 
96-2 3.0 2.5 111 83 45.3 45.4 19.1 18.7 
24-2 2.9 2.9 112 88 43.1 45.5 19.8 18.2 
71-3 2.9 2.7 ill 86 44.5 44.9 19.5 18.2 
17-4 2.9 2.6 112 84 44.E 45.4 19.5 18.3 
84-4 2.8 2.7 113 84 44.5 44.7 19.7 18.2 
61-1-3 2.8 2.5 111 87 44.4 44.5 192 18.4 
57-1-5 2.8 2.7 112 82 44.7 45.4 19.5 18.0 
34-1 2.8 2.6 112 84 44.9 45.0 19.1 18.3 
101-2 2.8 2.6 112 83 44.6 45.3 19.5 18.4 
54-1-2 2.8 2.5 112 84 44.6 45.5 19.1 18.1 
20-4 2.8 113 44.3 45.1 19.52.7 82 17.9 
G2120 (Ck,) _x 2.7 - 106 - 45.3 - 18.2 
G42 (Ck2) 1.5 1.5 95 81 45.9 45.9 18.0 19.6 

LSD (.01) 0.48 0.45 2 5 
LSD (.05) 0.36 0.33 2 3 
Mean±SD 2.8±0 26 2.4±0.16 111 ± 1.08 85± 1.66 44.5±0.5645.07±0.35 19.3±0.32 18.30±0.26 

'No ,signiflic inc: hetween with fungicide spray and without fungicide spray forall the agronomic 
characters (!,(cfpt yield YDays to maturity. 'This cultivar did not mature even after 117 days 
from plantinq 

Conclusion 

The selected mutant lines had less photoperiod sensitivity; earlier maturity; and similar 
high yield potential, protein, and oil content to G2120. 'The ilost promising entries will be 
evaluated in the 1985 advanced yield trials. 

Advanced Yield Trials 
Introduction
 

Selections fronl the prelinlinary and intermediate yield trials (PYT and IYT) and selected 
promising new cultivars front national programs are entered in tie advanced yield trials (AYT).
Promising selections fron AY'T will be included in the AVRDC soybean evaluation trial (ASET). 

http:18.30�0.26
http:19.3�0.32
http:44.5�0.5645.07�0.35
http:18.30�0.26
http:19.3�0.32
http:44.5�0.56
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Materials and Methods 

Fifty AGS lines were evaluated in four AYTs (AYT 1, 13 lines; AYT 1I, 11 lines; AYT
111, 12 lines, and AYT V, 14 lines). Ten new accessions were evaluated in AYT IV in theFebruary 14 planting only. Shih Shih, TN #15, AGSI81, and AGS182 were used as checks
for AYT I, 11, and Ill; AGS29 and AGSI82 for AYT IV; and Shil Shili, TK #5, AGSI81, 
and AGS182 for AYT V. 

All the AYTs were conducted in a randomized complete block design with fourreplications. AVRDC's suggested cultural practices were used with minor modifications.
Observations were made on most of the agronomic characters and on disease reactions. AYT-Ill was evaluated in the paddy rice-stubble culture, without land preparation in the July 12
planting. All other management practices were similar to those of the trial with land preparation. 

Results 

Among the AGS lines evaluated, AGS 239, 248, 245, 253, 243, 261, 270, and 272 weresignificantly higher yielding than the high-yielding check cultivars in specific trials in the
February planting (Fables 23, 24, 25). In the July planting AGS 255, 288, 283, and 290 yielded
higher than the checks ('ables 26, 27). All the high-yielding lines had resistance to downy
mildew, and several of them had high levels of resistance/tolerance to bacterial pustule and 
soybean rust. 

Table 23. High-yielding lines selected from AYT 1. 
Entry No. Cross Designation Yield (t/ha)YF b Days to MaturityuyRuyF b Remarksxm r s 

Feb. July Feb. July

AGS239 GC50047-1-12-8-6-1 2.9a 1.9bc 106 90 
 SR, BP, Virus
TN #15 (Ck) 2.4cde 2.Oab 101 79
AGS181 (Ck) 2.3de 2.1a 99 80 SR
 

'AYT - advanced yield trial. YMeans 
 having the same letter in each column are not significantly
dilfferent at the 5", level by Duncan's multiple range test. XSR soybea rust tolerance similar to
AGS181, B1 baclerial pustule resistant; virus=showing mosaic virus symptom. 

Table 24. High-yielding lines selected from AYT-Il.z 
Entry No. Cross Designation Yield (t/ha)Y Days to Maturity Remarksx 

Feb. July Feb. July

AGS248 GC60120-6-7-6-6 30a 1.8cd 
 101 90 SR, BP
AGS245 GC60059-9-6-9 2.9ab 1.8cd 108 92 SR, BP
AGS253 GC60087-7-9-6-12.8 2 8abc 2.1a 104 93 SR, BPAGS243 GC60011-4-6-11-6 2.8a-d 1.8c-e 107 94 SR, BP
AGS181 (Ck) 2.4e h 1.9bc 98 79 SR

Shih Shih (Ck) 2.4e-h 1.7c-f 102 
 80 

'AY a.vr iefd yitld trinal YP".na, ; Ilaving the arn e letter in each column are not significantly
diltewt t . ,o et tby [)rict',; iltiple rarge tw.t 'SfS - Soybean rust tolerance similar to 
that ot A(G!;lt51. HP T w;ir~hml toILelIr I Pastule 

Table 25. High.yelding lines selected from AYT IV in the February planting only.z 
Entry No Cross Designation Yield (t/ha)y Days to Maturity Remarks' 
AGS272 G10470 3.la 107 BPAGS270 G10468 3.Oa 111 SR, BP
AGS182 (Ck) 2.3cd 94 SR
 

'AYT :advirie 
 d yild tral ,, a vrlig the same. letter in each column are not significantly
(fifftrenl al t level b.I Dutcil mUll e ranlge test 'SR = soybean rust tolerance similar to 
that o1 ACiSl tp, [3 - t ant In bacterial putule! 
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Table 26. High-yielding lines selected from AYT lll. 

Entry No. Cross Designation Yield (t/ha)y Days to Maturity RemarksX
Feb. July Feb. July 

AGS255 GC60064-6-10-6-6 2.5a-e 2.2a 101 90 SR,BP 
AGS182 (Ck) 2.4b-f 1.9b 94 81 SR 
Shih Shih (Ck) 2.5a-t 1.7de 100 81 BP 

zAYT =advanced yield trial. YMeans having the same letter in each column are not significantly 
different at the 5% level by Duncan's multiple range test. XSR= soybean rust tolerance similar to 
that of AGS182, BP--resistant to bacterial pustule. 

Table 27. High-yielding lines selected from AYT V.-

Entry No. Cross Designation Yield (t/ha)" Days to Maturity Remarksx 
Feb. July Feb. July 

AGS288 GC50106-47-6-6-6 2.7a 2.3a 106 88 BP 
AGS283 GC60053-7-7-6-8 2.4abc 2.2a 107 87 BP 
AGS290 GC60087-7-9-6-10-31 2.4abc 2.2a 103 90 BP 
AGS182 (Ck) 2.4abc 2.Obc 94 75 SR 
Shih Shih (Ck) 2.2c 1.8et 100 80 BP 

ZAYT = advanced yield trial. YMeans having th, same letter in each column are not significantly 
different at the 5% level by Duncan's multiple range test. xBP=resistant to bacterial pustule; 
SR=soybean rust tolerance similar to that of AGS182 

Upon completion of the September-planted trial, v combined analysis of all the three 
seasons will be done to evaluate the adaptability to more than one season. 

In AYT IIl in the rice-stubble culture with and without tillage, the yic!ds of' the entries 
in the tillage plots were consistently higher, from 0.5 to 23%, over the no-tillage plots with 
a mean increase in yield of 6%. AGS255 was significantly higher yielding than the check 
cultivars in the tillage plots; but although it was the highest yielder in the no-tillage rice-stubble 
culture, its yield difference with the check was not significant. The correlation between yields 
in the no-tillage and tillage plots was highly significant (r = 0.822**), suggesting that the high
yielding entries in tillage also gave high yields without tillage. Therefore, from a one-season 
trial, it appears that one breeding program is sufficient to develop lines for two different 
management conditions. 

Conclusion 
Several high-yielding, disease-resistant AGS lines have been identified for inclusion in 

the next ASET. Although there is good correlation between yields in no-tillage and tillage 
treatments, additional seasons and location data are necessary to confirm the findings. This 
will be done in 1985. 

Continuous Soybean Cropping 
Introduction 

Soybean is continuously cropped on the same piece of land in some countries, like 
Indonesia. A three-season experiment was initiated in 1982 and continued in 1983 and 1984 
to determine the value of continuous soybean cropping, particularly on grain yield, and any 
associated problem, if any. 

Mat9rials and Methods 

A narrow leaflet selection, AG3129 and a broad leaflet selection AGS 154 were planted 
on January 24, June 22, and September 26 in a randomized complete block design with four 
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replications. The plot size was 5 x 10 m. The spacing was 50 cm between rows and 10 cm
between hills. Upon emergence the seedlings were thinned to two plants per hill in the Januaryand June plantings and three plants per hill in the September plantings. Observations were 
recorded on yield and days to maturity. 

Results 

The seventh, eighth, and ninth soybean crops were successfully harvested from the samepiece of land in 1984. There were no significant differences in yield between the two cultivars
in any of the three crops. The yield of the January crop was the highest, followed by theJune and then the September crop (Fig. 4). Depending upon the cultivar the January crop
was 38 to 41% higher than the June crop which was 26 to 27% higher than the September
crop. The total yields of the three crops were almost similar, 6.6 t/ha for both AGS 129and AGS 154. Of" the total yield, as in the previous years, the January and June crops
constituted 75% (Fig. 5).

In 1984 more rainfall in all the three crops reduced the yield. For example, the June 
crop received 814 mm rainfall in 1983 and 971 mnim in 1984. Photoperiod and temperature
in both 1983 and 1984 were similar (Figs. 6 and 7, see next page), except that in 1984 thecool weather was longer and so, early planting resulted in poor early growth. 

Conclusion 

Since the total yield this year was slightly lower than that of the past two years, this 
experiment will be continued for one more year before being terminated. 

3 04 r '5o A/doy 7.0 ,-

2 AG,129 60 Sep SepE5-AG 5 24%2 - 40 -Sep 
(23) '23) 40 Jun Jun 44% 

~30 Jan~ ~.{ 80I~~ GSI2 AG154 32% 
r (21 20 

L F] 
Jun

6Jn Jn 
L J_ LZ L "L _..1.1. _ - ___ f.-• 
Jon Planting June Planting Sept Planting 0 A 

Fig. 4. Yields of two soybean selections in Cultivars
three consecutive plantings (values in Fig. 5. Yields of two soybean selections in conparenthesis are yield day ha ), tinuous cropping for two seasons in1984. 1984. 

Genotypic Variation for Shade Tolerance in Soybean 

Introduction 

Intercropping soybean with annual and perennial crops is common in the tropics.Intercropped soybean is subject to varying levels of shading. To determine the variability forshade tolerance available in the AGS lines, an experiment was initiated in 1983 and continued 
in 1984. 

Materials and Methods 

Six AGS lines (AGS 34, 59, 80, 106, 129, and 145) were evaluated under a nylon-netting
shade and without shading on a split-plot design. The plot size was 3 x I il aid two rows 
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per plot were used. Each entry was replicated twice. The experiment was planted on February
21 and July 18, 1984. Observations were made on yield, days to R, and R8 , plant height
at R, and R8, 100-seed weight, seed quality, arid lodging. The shading treatment was imposed
at seedling emergence. Light transmission was measured with a Lambda LI-185 photometer 
and an LI-190S quantum sensor. 

Results 

Light intensity was 7 to 10% higher in the July than in the February planting. Regardless
of the season, light density under netting was 52 to 53% of the unshaded treatment (Table 28).

There was a significant difference in yield betwevn the netting and the unshaded 
treatments in both tile February and July plantings. The difference between genotypes for
shade tolerance was also significant. Yield reduction due to netting varied from 31 wC60% 
in February and 24 to 51% in July planting. AGS129 and AGS80 appeared to be tolerant 
to shading in both plantings (Table 29). AGS106 was susceptible to shading in both seasons;
A(;S34 was susceptible to shading in February but tolerant in July. In several instances the 
1984 and 1983 results were contradictory with regard to AGS 80 and 129. 

In both seasons there was no relationship between yields with and without shading.
However, days to maturity (l)M) and 100-seed weight (SW) with and without shading had 
significant correlation (DNI-February, 0.98**; July, 0.92**; SW-February, 0.90**; July, 0.94**).
The 1983 and 1984 data will be analyzed with those of September to determine the interaction 
between seasons, years, and genotypes. 

Conelusion 

Results obtained so far suggest that a selection for shade tolerance has to be done for 
specific seasons, locations, and situations. In short, shade tolerance appears to be dependent 
on environment. Fhis experiment, therefore, will be repeated for one more year and maybe 
in two different locations. 

Table 28. Light density (microeinsteins rn-'Sec-') in netting
 
and unshaded treatments during the flowering stage in two seasons.
 

Light Density 
Rep. netting unshaded 

. Fe: . July Feb. July 
1 660 750 1,350 1,410 
2 600 780 1,200 1,410 
3 690 690 1,380 1,440 
4 780 780 1,350 1,380 
Mean SD 683±75 750± 42.43 1,320± 81.24 1,410 ±24.49 

Table 29. Yield and yield-reduction percentage due to netting in soybean, 1984. 
Yield (t/ha) . . . Yield Reduction
 

Entry nott-rg. 
 un shaded ------- Due to tietting(/o) 
Feb.. July Feb. July Fob. July 

AGS80 1.9 1.6 2.8 2.1 31 24
 
AGS129 1.9 1.7 2.8 
 2.4 34 30
 
AGS145 1.2 1.3 1.8 2.2 33 
 41
 
AGS59 t.4 1.9 2.9 2.9 51 34
 
AGS106 0.8 1.0 1.8 
 2.1 55 51
 
AGS34 1.4 
 1.3 3.6 2.1 60 38 
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Sole-Cropping Compared to Intercropping 

Introduction 

Soybeans are sole-cropped and intercropped in many countries. From a preliminary
screening of AGS lines in 1983, 55 entries were selected for further evaluation. From these,
selected entries were tested for intercropping in specific seasons. 

Materials and Methods 

The experiment was conducted with 14 AGS lines and Shih aShih, local cultivar as
the check. A randomized complete block design with two replications was used in evaluating
the genotypes under sole-cropping and under intercropping in independent trials. The plot
qize was 3 x I in. In the intercropping experiment one row of soybean was alternated with 
one row of corn, cv. Tainung 351. Plantings v',ere done on February 21 and July 18, 1984.
The spacing betv.,'ecn rows was 50 cm. Data were collected for grain yield, days to R, and 
Rx; plant height at R, and R8 , seed quality, and lodging. 

Results 

The yields of corn in both the February and July plantings did not differ significantly
when intercropped with any of the 14 AGS lines. However, there were significant yield
tdifferences among the AGS soybean lines in both seasons. Four AGS lines gave high yields
of about I t/ha yield under intercropping in February (Fig. 8). It is interesting to note thatAGS34 was also found to be shade tolerant in this year's trial. Five lines gave 2.2 to 2.4

t/ha under intercropping in the July planting (Fig. 9). Six 
 other lines gave about 1.6 t/ha
in intercrop.oing in the same season compared to Shih Shih which was one of the lowest yielder.The yield of corn under intercropping was lower in July than that in February (Table 30).
The low yield was likely due to damage by heavy rain and wind. The same trend in yield 
was also observed in the 1983 July and February corn cr,,ps. 

Conclusion 

In the July season the yield reduction of soybean intercropped with corn was less thanthat of the February season. Genotypes with high yield potential under intercropping can be
selected. In order to fully understand the potential value of intercropping, soybean trials shouldbe conducted that include the economics of the production system to show how it compares
with sole-croppin, in different seasons and locations. 

400 

10 2l 

W 589 4GS34 AGS67 AGS158AGS37 AGS1I9 A(S89 AGS91 AGS94 AGS9\ 'AS67 AGS13 StrhS/I 

Fig. 8. Yields of selected soybean Fig. 9. Yields of selected AGS lines
lines under solecropping and under solecropping and intercrop
intercropping with corn in the ping with corn in the July 1984 
February 1984 planting. planting. 
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Table 30. Yield range and mean under sole-cropping 
and intercropping of soybean in February and July 1984. 

Yield (t/ha) 
Crop Sole Crop Intercrop 

Feb. July Feb. July 
Corn - 1 7-2.5 0.25-0.94 

Soybean 1.1 -3.5 1.3 -?.3 
(2.2) 

0.5-1.1 
(0.49) 

0.9-2.4 
(2.6)' (2.5) (0.85) (1.7) 

'Mean 

Response to Minimum and Maximum Management inputs 

Introduction 

Soybeans are invariably grown with minimum inputs in the tropics. To determine whether 
there are varietal differences in response to minimnum and maximum input in different seasons 
and to learn whether separate breeding programs are required for different management
situations, experiments were conducted at AVRDC in the past. To understand locational effect, 
such trials were conducted in 'T'hailand in cooperation with Thai scientists. 

Materials and Methods 

Eleven AGS lines and Shih Shih were included in the trials. The experiment was 
conducted at lPhitsanuloke (planted on July 21, 1983) and Nakon Sawan (planted on July
29, 1983) in Ihailand. For maximum input, fertilizer was applied at 20 kg N, 60 kg P, and 
40 kg K/ha. lhand weeding was done at 15 ard 30 days after germination. Since it was a 
rainy season no irrigation was provided. lnsecticides aind fungicides were applied when 
required. For the minimum inlpult treatment, no fertilizer or other inputs were provided.
Observations werc recorded on grain yicId, days to R8, plant height at R8, number of 
branches, ntm.ber of nodes and pods, 100-seed weight, lodging, and shattering. 

Results 

The yield differences between genotypes were significant in all the trials at both locations. 
The yield gap between maximum and minimum inputs was 14% in Phitsanuloke. HIowever,
in Nakon Sawan the mean yield under minimum input was 11% higher than that of maximum 
input, suggesting that there was practically no difference in yield between the two input 
treatments (Fig. 10). AGS lines with high yields in each location under two different treatments 
are given in 'able 31. ACES 68, 66, and 62 appear to be suitable for both minimurn and 
maximun input sit uations. 

Similar to results obtained at AVRDC, grain yield under minimum input correlated well 
with yield under maximum input in both locations (r=0.96** and 0.98**), suggesting that 
selection for high yield can be done at either of the two management conditions regardless
of which management input situation the selected genotype is intended for use. 

Conclusion 

Although dhe average yields are low for various genotypes, the yield gap between 
maximum input and mininum input vary with locations. Nonetheless, one breeding program
is sufficient to develop selections suitable for both management conditions. 



-- 

222 AVRDC Progress Report 1984 

2.01[- mox. input 
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Fig. 10.
Yield differences between maximum and minimum inputs1-0 at two locations in Thailand in the July 1983 planting. 

Phlitsonuloke Nakon Sawon 

Table 31. Genotypes highly responsive to maximum input management
and those with high yield potential under minimum input in different 	locations. 

-Location 
Response Pitsanuloke Nakon Sawan 

genotype yield (t/ha) DM' genotype yield (t/ha) DMz 

Responsive to maximum AGS71 1.8 95 AGS62 2.0 88input 	 AGS17 1.7 90 	 AGS68 1.9 97 
AGS66 1.9 81High yielding under AGS59 1.6 90 AGS66 2.3 79minimum input AGS68 1.4 95 AGS62 2.2 87 

AGS66 1.3 	 80 AGS71 2.1 97 
AGS59 2.0 90 
AGS68 2.0 96 

'DM =days to maturity. 

International Cooperation 

A total ot 58 selections from the AVRIDC Sovbean evaluation trials, 796 breeding lines,914 accessions, and 28 others were distributed to 121 cooperators in 39 countries.
After three years of testing by tile Tainan District Agricultural Improvement Station,the farmers in I-ChlU, YenShui, and neighboring "hsicns", multiplied the seeds of AGS66and slowly increased tile area planted to AGS66. About 100 ha was planted in February and.1uly. AGS66 has not been formally released. The seeds of AGS66 cannot be stored under
 room temperat tire for more 
thant a couple f montlhs; it loses viability rapidly. Crosses have
aheady been made to improve its seed qutLality. AGS66 
 is also promising in the Philippines,Saudi Arabia, and Japan; but its seed size is too sinall for the .lapanes,. market (Table 32).AGS8 was reported 'rum St. L.ucia as an excellent yielder and, threfore, a request forseeds to plant on 	5 ha was received from PI. NT' Y ilt St. lucia. However, duC to seed shortage 

wc sent otnly 1(0 kg.
(;110380 gave the highest yield in an ohbservalionaI trial by cooperato~rs ill Brazil (Tablc32). Seven enlrics Ifroiii AVRDC have been identified by tile Chinese Overseas TechnicalMission teatn to have a yield potenlial of 2.0 to 2.7 t/ha in Iidonesia. Notable among themare G2120 M (fihe early mnattirinig lmutalnt from G2120), AGS205, AGS171, GC60062-8-7-6,

and (i10'80. The national program itt Indoncsia will he encouraged to test these entries at
strategic locations to cot lirul their potential.

AGS16() appears 	 to hc promising in lPakistant, Philippines, Venezuela, and Zaire. AGS143 and 167 are also promising il the P)hiliplpines ad Venezuela (Table 32). In the Philippines,POP reported that after several years of evaltation, AGS73 (EG YS-73) may be released as 
a Seed Board cultivar probably in 1985. 
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Promising selections from the cross between the AVRDC narrow leaflet line GC30228-9
and the local cultivar in Zimbabwe is currentiv entering multilocational trials. Some of thephotoperiod-insensitive accessions sent to Zimbabwe have given 3.6 to 3.8 t/ha in 82 to 89
days 	which will be utilized in theh" breeding Drogram (Table 32).


After evaluaiing 37 vegetab!e types, The W. 
 ,\tlee Burpee seed company of California
.reported that eigh, entries had good ;Jze and taste, as well as yield poteiotial, which need 
to be evaluated in replicated trials (Table 33).

,esults from an observational trial in Korea showed Taisho Shiroge as the best vegetable
soybean. It will be evaluated further in 1985. 

In Shillong, India, G5497 was reported to have the lowest rust infection compared to
AGS 181, 182, 183, and (;C60245-8-1-1-12-6-9 in the June !984 planting.

In a study on G2261 Miss Covell, an undergraduate student at Reading, England
estimated ihe thermal sun (day degrees above base temperature, 4'C) for 50% and 70% 
germination to be 32' and 35.5°C for soybean. 

Table 32. Summarized results of international trials.
Country 
Location Cross 	No. or Yield' Days to Seed 100-SeedCooperator Narn. (t/ha) Maturity' Quality' Wt (g), Remarksy 

Brazil G10380 6.2 119 2 24.0 P: Nov. 14, 1983 
OCEPAR GC50265-2-9-6-8 4.3 118 3 21.4 T: 27 Rep: 1 

GC50245-8-1 4.2 1120 13.0 
-12-6-9 

Bossier (Ck1) 5.4 2128 15.6 
FT-2 (Ck.,) 4.2 1130 18.0 
Parana (Ck 3) 3.3 111 2 16.8
 

Burma AGS129 1 2b 
 94b 4ab 16.2ab P: Aug. 17, 1983
Lat. 190 15'10"N AGS19 1.lbc 87c 4ab 15.4bc T: 12
 
Alt. 102 m AGS124 .lbc 
 94b 3cd 14.7cd
 
U PE MG Thein GM-82-2 (Ck) 
 1.8a 106a 2t 17.3a 

GM-82-1 (C 1)- 0.9bcd C7c 4.3a 13.9d
 
Costa Rica AGS124 2 8ab 89b 2ab 
 16.5de P: Sep. 8, 1983 
Lat. 10026 ' AGS129 2.6ab 87bc 2ab 17.9c T: 11
 
Alt. 17 rn AGS65 2.6ab 89b lb 16.7d
 
T. S. 	 Toung AGS167 2.3ab 80de 2ab 19.4b 

AGS143 2.3ab 77e 2ab 17.5c 
AGS162 2.2atb 76e 2ab 15.8e 
Local Ck. 2.8a 94a 2ab 18.Oc 
Local Ck 2 2.6ab 89b 2ab 21.6a 

Haiti AGS129 2.9ab P: Oct. 1983
 
Lat. 18°N AGS130 2.7abc 
 T: 12
 
Wally Turnbull 
 AGS85 2.6abcd
 

AGS29 2.6abcd
 
AGS17 2.6abcd
 
Local Ck 3.1a
 

Indonesia AGS205 2.3 97 12.6 P: Jan. 3, 1984 
W. H. 	 Wang G2120 (Ck) 2.1 115 7.4 T: 3 

No. 1248 (Ck2) 1.2 93 9.7 Rep: 2
Donald R. (32261 0.63 79 P: Apr. 4, 1984 

Schmidt Lokon (Ck) 0.24 79 T: 9
W. H. Wang AGS171 1.7 115 13.8 P: Sep. 5. 1983 

AGS205 1.6 103 12.2 T: 4 
G2261 1.4 98 13.2 Rep: 2 
Local Check 0.81 94 9.6 

Lat. 110S AGS79 1.00a 299a 18.1bc P: Jan. 12, 1984
Alt. 150 m AGS162 0.89ab 97c 1.5 18.3bc T: 10 
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Table 32. (Continued) 
CountryLocation 
Cooator 
Cooperator 

Cross No 
Name 

or Yield' 
(t/ha) 

Days to 
Maturity" 

Seed
Oua!ity' 

100-Seed
Wt (g), Remarks 

Site: Mjo AGS65 0.70abc 97c 2.7 19.8b 
Colin Piggin AGS167 0.60abc 97c 2.3 23.4a 

AGS19 0.60abc 98ab 2.8 19.6bc 
AGS129 0 60abc 97c 2.7 18.Obc 

Lat. 301 ' 
ORBA (Ck) 
AGS143 

0.61abc 
0.86a 

98ab 
94d 

2.7 
2b 

13.8d 
15.5ab P: Dec. 28, 1983 

Alt. 20 m Lor;'i Ck, 0.90a 100a 2b 10.0f T: 11 
Site: Kisaran Local Ck, 0.80a 100a 2b 10.0f 
I. Tataming 
W. H. Wang; i)G2120 N17 2.6 99 9 P: July 7, 1984 
Ir. Supatmi GC60062-8-7-6 2 2 104 12 T: 6 

AGS129 1.9 98 19 Rep: 2 
AGS66 1,5 107 16 
Hualien No. 1 1.7 97 24 
No. 1248 (k) 1.6 98 10 

ii)G2120 2.8 115 8 P: Apr. 4, 1984 
G10180 27 105 9 T: 5 
G10132 0.9 .8 16 Rep: 1 
G10183 0.7 88 16 Moisture was 
G10181 0.4 88 16 limiting (drought) 

Japan AGS66 '80 2.2 118 13 T: 19 
T. Yoshida '81 4.9 126 19 

'83 2.3 118 12 
AGS62 '80 3.6 114 20 

'81 3.5 115 18 
'83 3.4 112 14 

Enrei (Ck) '80 3.2 117 36 
'81 34 128 27 
'83 3.0 107 29 

Malawi 
Lat. 140S 

AGS129 
AGS19 

3.3a 
3.2a 

99bcJ 
99bcd 

le 
le 

18.2bcd 
17.F, d 

P: 
T: 

Dec. 30, 1983 
12 

Air. 1080 m AGS124 3.Oab 95ef 1.5cde 1-.6cd 
C.A.M. Phanga- ORRIB (Ckj) 3.lab 101abc le 19.Oab 
phanga; Hardee (Ck,) 3.Oab 102abc 1.3de 19.7a 

L. K. Gondwe 

Pakistan AGSI60 1.Oa 114d 9.7bc P: July 20, 1983 
Lat. 34 0 N AGS162 0.8ab 106f 10.lbc T: 12 
Alt. 118 m Bragg (Ckl) 0.5cd 115cd 10.6b 
Tila Mohammad William (Ck,) 0.2e 96h i0.6b 

Philippines AGS65 1 6a 103bc 3.0a 18.8ab P: Aug. 12, 1983 
Lat. 607'N AGS160 1.Sab 107a 3.8a 15.3de T: 12 
Alt. 15 m Local Ck1 0.9c 1OOd 3.Oa 12.3gh 
Site: Lagao Local Ck:, l.2bc 100d 2.8a 11.8h 
Botanique Phil. 
Inc. 
Lat. 140 13'N AGS167 1.2a 79efg 2.8bcd 16.8a P: Feb. 9, 1984 
Alt. 23 m AGS160 1.2a 81cee 2.8bcd 10.8fg T: 12 
Site: Los Banos AGS66 1.2a 72h 2.5co 11.5et 
R. K Pandey AGS143 1.lab 78g 2.3d 15.5ab 

AGS129 1.lab 82cd 3.5ab 13.3cd 
AGS162 1.0abc 81cde 3.3ab 14.5bc 
Local Ck2 0.8cd 79efg 2.8bcd 14.5bc 
Local Ck, 0.6d 108a 4.Oa 9.011 
Clark 63 (Ok 3) 0.4e 90b 4.Oa 16.8a 

L. Empig AGS143 2.3 73. 18 3 P: Feb. 2, 1984 
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Table 32. (Continued) 
CountryLocation Cross No. o, Yiield7 Days to Seed 
Cooperator Name (t/ha) Maturity' Quality' 

(San Miguel AGS129 1 3 75 18 

Corporation) .UPLSY2 (CK) .. 19 83 20 


Saudi Arabia 	 AGS29 4.2 117 

Lin Jiunn-Yann 	 AGS130 4.1 110 


AGS66 4.0 107 

Davis (Ck.) 4.5 130 


Venezuela AGS65 2 0a 103b 3.5b 
Lat. 8050'N AGS160 1 9a 94cd 5.Oa 
Alt. 126 m AGS79 1.8a 101b J.8a 
Porfinio AGS19 1.7a 1;7c 4.5a 

Hernandez 	 AGS129 1.6a 97c 5.Oa 
AGS143 1.6a 91d 5Oa 
AGS124 1.6a 101b 4.8a 
AGS162 1.6a 
 91d 5.0a 

AGS167 1 Sa 91a 4.8a 
Local Ck 19a 94cd 2.5c 

Zaire AGS29 1.3a 129b 3 3a 
Lat. 20 18'S AGSI30 1.3a 129b 3.0a 
Alt. 1731 m G9646 1 lab 125bc 3.Oa 
Site: Mulunu 	 AGS58 1lab 120bc 3.Oa 

Ouyen Nguyen: 	 AGS12 1.Oab 120bc 2.8a 
Elukesu 
Lat. 2018'S AGS160 1.3ab 149c 2.8ab 
Alt. 1731 m AGS19 1.2abc 140d 3.5a 
Site: Mulungu Imperial (Ck) 1.5a 149c 2 5b 

Quyen Nguyen. Doka (Ck,,) 1.1b-e 183a 3.0ab 

Elukesu; Nkusu;
 
Eugidoe Bakulikira
 
Zambia G9645 1.2a 97abc 1.5bc 

Lat. 1i6'IS AGS9 1.2ab 9 ")-e 1 Oc 

Alt. 1067 i AGS58 1.2ab 95a-d 1.5bc 

J. Joshi 	 AGS29 1.labcd 93a-e 1.0c 

AGS129 0.8a-e 88cde 1.0c 
Zimbabwe P500-5-17 4.2 
J. S. Tichagwa 	 P500-5-6 4 2 


P500-5-99 4.1 
P500-5-89 4.1 
P500-5-130 4.1 

Sable (Ck, 36
 
Oribi (Ck,) 36
 
Hood (Ck) 3.4
 
Hardee (Ck) 2.9
 

J. R. Tatters-	 AGS147 4.0 125 3 

field 	 AGS140 38 138 2 


Oribi (Ck) 3.4 122 2 

Duiker (Ck,) 4 9 131 2 


J. 	 S. Tichagwa G141 3.8 85 3 

G?502 3.8 89 3 

G166 38 85 2 

G222 37 89 3 

G7104 3.7 89 3 

G6883 3 6 85 2 

G3906 3.6 82 3 


lMeant; liiv,n ve.., i tlttr im(eaclh coluriui ,rut :;l,;ifnorll, filfl 
multiple rn1ge te"I,. .f date p:inl d, I lotll 'O e ,itr., ir.nop oflOfca 

100-Seed RemaiksY 
Wt (g)Z 

4 T: 7
 
4 Rep: 3
 

12.0 P: May 	20, 1912 
18.0 T: 6
 
11.6 Rep: 	4
 
13.6 

19bc P: Oct. 4, 1983
 
16e T: 10
 
15e 
17d 
18cd 
20b
 
17d 
18cd
 
22a
 
23a
 

15.5c P: Sep. 15, 1982 
16.5bc T: 1.4 
15.Oc
 
15.5c
 

15.3c 

18ef P. Sep. 27, 1983
 
16gh T: 12
 
32a
 
20cde
 

14ei P: Jan. 7, 1983
 
13.3f T: 14
 
21a
 
16cd
 
16cd
 

P: 1983-1984
 
T: 184
 
The test was only
 
for preliminary
 
variety trial
 

14.4 P. Nov. 25, 1983 
16.2 T: 52
 
14.8 Rep: 	 1
 
17.6 
19.4 P: June 12, 1983 
25.7 T: 36
 
15.6 Rep: 	 1
 
19.6 
23.3 
16.9 
19.4 
l it tho 5 '. level by Duncan's 

iorm 
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Table 33. High-yielding and suitable vegetable soybean tested 
at U.S.A. in 1983.1 

Acc. No. PI No. or Name Days to Maturity 
G5087 Cobb 114 
G5654 FC19.979-1 115 
G6472 P186.137-1 112 
G6852 P196.550 121 
G7082 P1196.151 87 
G 10348 Ohsode Early 87 
Gi0350 Raityo 85 
G9053 (Ck) Tzurunoku 120zPlanted 	 date: June 2, 1983: total entries: 37: result: the varieties showed good plant 

size, big beans, sweet bean taste, and good yield potential 

IITA/IRRI/AVRDC Cooperation 

AVRDC provided 197 AGS lines for evaluation at IRRI by the IITA legume agronomist/
breeder. The experiment was planted on February 9, 1984 at IRRI's UQ-3 field. Two treatments 
were imposed: without irrigation (but receiving 317.7 mni rainfall water) and with irrigation
(515.1 	 mm including rainfall) (Fig. 11) . Among 197 entries AGS19 did not germinate and 
AGS 184, 185, and 188 had poor plant stand. Twcnty-eight entries appeared to have severe 
rnosaic-like symptom and, therefore, were discarded. 

The maximum and minimum tnemperatures and the rain fall pattern du, ing the trial period
are shown in Fig. I1.Among the 145 eitries, nine with drought tolerance are given in Table
34. Fifty percent of the entries matured in 76 to 80 days, 481/o matured in 81 to 90 days,
and four entries matured in 101- 10 days (Fig. 12). 

i35 fOx.
temp. |0 
0, ,80 E 

025-
ME tempin.tetup
20	 •40 .=

15- Roinfoll 20 e" 

M9- MdIG- A13-
23 MI 8 15 22 29 A5 12 19 26 M3 10 17 24 31 5 

Dote ond Month 
Fig. 11. Maximum and minimum temperatures and rainfall pattern during the drought

tolerance screening trial at IRRI, Los Banos, Philippines, 1984. 

F17- F24- M2- M23- M30- A6- A20-A27- M4- MII- M18- M25- JI

60 
X=0.6 t0.250 	 n=145 

U.2 

Fig. 12.0 20Frequency distribution for days to maturity of 145 

10 AGS lines evaluated at Los Banos, Philippines. 

(0.4 	 0.4-0.7 0.701-1.0 )1.0
 
Yield (I/ho)
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Table 34. Nine high-yielding lines selected from 197 AGS lines 
for drought tolerance in Los BaFtos, 1984.z 

Yield (t/ha)
Cultivar Name without with Days to Maturity Leaf RollerY Soybean Mosaic 

irrigation irrigation 
AGS155 1.2 1.6 80 2 2
AGS170 1.2 2.2 86 1 2
AGS163 1.2 2.1 76 1 3
AGS154 1.1 1.7 76 1 2
AGS156 1.1 1.5 80 1 3
AGS126 1.0 1.8 76 1 2 
AGS218 1.0 1.8 82 1 2
AGS175 1.0 1.8 83 1 3
AGS160 1.0 1.6 80 1 3 

Mean 0.60 1.27 80.8
 
Standard deviation 0.21 0.36 4.5
 

'Cooperator R. K. Pandey yLeaf roller rating, 1z no 
 damage: 2 moderate damage: 3 sever
damage. 'Soybean mosaic virus ralinq 1= resistant: 2 = with occasional diseased plants; 3 =10% 
diseased plant ,,4 11 -5(i1, disfmed plant 5 - nearly all the plants have symptoms. 

X=80.8t45 n=145 
50

40t 
Fig. 13.
 
Frequency distribution for yield of 145 AGS
,0- lines in Los Banos, Philippines. 

70-80 81-90 101-110 
Doys to Maturity 

AGS 26, 28, 102, 116, and 229 had severe leaf roller damage, while 90% of the entries
appeared to have very little injury. Yield percen-tage of the entries without irrigation are shown 
in Fig. 13. 

There was a highly significant correlation betweefn yields with and without irrigation
(r--0.4898**), indicaitig that selections with high yield under irrigation will give high yields
vithout irrigation. 

Cooperation with ICA, Palmira, Colombia 

A total of 228 AGS lines were sent to Dr. Gilberto Bastidas Ramos at iCA, Pahlira,
Colombia. They were planted in an observational trial. Each entry was planted in a 6 m2 

plot. Observat ions were recorded for nine agronomic characters, including yield. Diseaseratings were recorded for bacterial pStlUle, bacterial blight, frog eye leaf spot, downy mildew,
and cont monimosaic virtis. Ratings \vere inade on a I (resistant) to 5 (st'ceptible) scale. 

Ten higl-yielding entries and their characters :ire given in Table 35. The frequencydistribution of the AGS lines inl different disease ratings for different diseases showed that 
moderate to high levels of resistance were present in a number of AGS lines for all the diseases 
(Table 36). 
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Table 35. Ten high-yielding AGS lines selected from 228 lines planted 
in Colombia in 1984. 

AGS No. Yield Days to Lod' Shaty Diseasex 

(t/ha) Maturity BP BB FLS DM CV 

AGS79 3.8 90 1 2 4 4 2 4 2 
AGS67 3.7 91 3 1 3 3 3 4 5 
AGS120 3.7 92 4 I 2 2 2 4 1 
AGS160 3.6 90 1 2 3 3 2 3 3 
AGS144 3.6 87 1 1 3 3 2 2 1 
AGS76 3.5 90 3 1 2 2 2 3 2 
AGS57 3.5 91 4 2 2 2 2 4 2 
AGS32 3.5 85 2 2 3 2 2 4 3 
AGS37 3.5 92 2 1 2 2 2 3 2 
AGS175 3.4 89 2 1 3 3 2 3 2 

zLodging 1 erect, 4 =lodging YShattering 1 nonshatiering, 4 shattering. 'BP: bacterial 
pustule; BB: bacleial blight: FLS: frog eye leaf spot, DM: downy mildew CV: common mosaic virus. 

Table 36. Percentage of AGS lines in different disease rating categories 
for different diseases in Colombia, 1984. 

Ratings' 

Disease 1 2 3 4 5 
(Resistant) (Susceptible) 

Common mosaic vmrs 13.6 (31) 63.2 (144) 18.9 (43) 3.9 (9) 0.4 (1) 
Bacterial blight 0.4 (1) 38.6 (88) 47.0 (107) 14.0 (32) 0.0 
Bacterial pustule 0.4 (1) 34.2 (78) 51.8 (118) 13.6 (31) 0.0 
Frog-eye leaf spot 3.1 (7) 79.5 (182) 16.2 (37) 0.9 (2) 0.0 
Downy mildew 15.0 (34) 36.0 (81) 29.0 (67) 20.0 (46) 0.0 

'Fijuires in prt hesi1s refer to the nUmbef of entries, 


AVRDC Soybean Evaluation Trials (ASET) from Cooperators 

Ten AVRI Glvcim, selections wyere included in the 1983 ASET (Table 37). The 
cooperators wtcr requested to include one or two local cultivars as checks. Data received from 
II cooperators have so far ;cen analyzed (Table 38). Additional data are being received and 
analyzed. '[he mean yield of II sires are shown in Table 39. AGS 66 and 160 have either 
significantly outyielded or were earlier maturing than the check cUltivars in three sites each. 

In many locations the yields of the trial were affected by cows, snails, chicLens, lack 
of water, or intptopcr pest-and disease-management practices. In some countries, like 
Mauritius, the seeds were destroyed by the Ministry of Agriculture due to change in quarantine 
regulations. 

Tabli 37. Pedigree of soybean cultivars grown
 
in the AVRDC soybean evaluation trial (ASET) in 1983.
 

Cultivar Pedigree 

AGS19 Shih ShihxSRF400 
AGS65 66-D-2OxCH #2 
AGS66 Forrest x Shih Shih 
AGS79 KS514 x Palmetto 
AGS124 Clark 63xCH #3 
AGS129 Shih Shih x SRF400 
AGS143 Single plant selection from KS725 
AGS160 P1227224 x AGS2 
AGS162 Clark 53x64-4 
AGS167 64-4 x 64-62 
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Table 38. List of cooperators who returned the data 
for the AVRDC soybean evaluation trial (ASET) in 1983. 

Region Country Trial No. Name 	 Address 
Africa Zaire 83-12 	 Quyen Nguyen, Programme National 

Elukesu, Nkusu, Legumineuses 
Eugide, & Bakulikira 

Malawi 83-34 C.A.M. Phangaphanga P.O. Box 158, 
& L. K. Gondwe Lilongwe

Asia Burma 83-2 U PE MG Thein Food Legumes Div., 
ARI, Yezin Pyimana

Indonesia (I) 83-28 Colin Piggin & S. 	 P.O. Box 36, Kupang, 
S. Field Ntt 

Indonesia (2) 83-36 I. Tataming P.T. Uniroyal, Kisaran, 
North Sumatra 

Pakistan 83-20 Tila Mohammad NIFA, Tarnab, Peshawar 
Philippines (1) 83-14 Botanique Phil. Inc. Lagao, Gen. Santos City
Philippines (2) 83-49 R. K. Pandey IRRI, Los Barios, Laguna

Latin Venezuela 83-22 Porfinio Hernandez Linellez, Guanane 
America 33-23 

Colombia 83-51 Gilberto Bastidas ICA, Palmira AA 233 
Barnos
 

Costa Rica 83-19 T. S. Toung 	 Mision Chlna, Apartado 
120, Canas, Guanacaste 

Table 39. Performance of AGS lines and check cultivars 
in the ASET in different countries. 

Country 	 - __ __ Yield (t/ha) Outstanding 
mean range check cultivars Entriesz 

Burma 1.0 0.7-1.8 0.9 and 1.8 None 
Colombia 2.8 2.3-3.1 2.4 and 2.7 66, 79, 162 
Costa Rica 2.5 2.2-2.8 2.6 and 2.8 124, 129 
Indonesia (1) 0.5 0.2-1.0 0.6 79
 
Indonesia (2) 0.5 0.2-0.9 
 0.8 and 0.9 143 
Malawi 2.7 1.0-3.3 3.0 and 3.1 129, 19 
Pakistan 0.5 0.2-1.0 0.2 and 0.5 160, 162 
Philippines (1) 1.0 0.3-1.6 0.9 and 1.2 65, 160 
Philippines (2) 0.9 0.3-1.2 0.3, 0.6 and 167, 160, 66, 
Venezuela 1.7 1.4-2.0 Lost 65 
Zaire 1.1 0.9-1.5 1.1 and 1.5 66 

'ASET AGS entries significantly outyielded or were better than the checks in other trails. 

Since additional locations are sending the data, a 	 combined analysis of the data will 
be done which will be included in a 	 separate ASET report to be published. 

The common crop rotation in the ASET-reporting countries appeared to be soybean 
followed by corn. Sorghum followed by soybean and Piaseolus beans followed by soybean 
were indicated in some places (Fig. 14). 

Cooperation with the Korean Soybean Breeding Program 

As in the past, seeds from five crosses were ad-'anced by the single-seed-descent (SSD) 
method. The F0 lines from the pedigree and SSD method were also harvested to compare 
the different methods that rapidly advanced the generations and to test the usefulness of the 
new technique in Korea in 1984 and 1985. Seeds of' F3 bulks and selected entries for 
demonstration trials were also multiplied. A total of 83 kg of seeds were shipped to Korea 
(Table 40). 
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Table 40. Total amount of seeds from 
different generations that were shipped to Korea. 

Trial Total (kg) 
F6 lines 40.9 
Fr SSD bulk population 3.6 
F3 bulk population 30.3 
Seed multiplication 8.0 
Total 82.8 

Survey of Soybean Producl'on, Problems, and Needs in the Tropics 

A soybean survey questionnaire was sent to 158 people in various countries in the tropics. 
Fifty participants from 37 countries returned the questionnaire, of which 21 were from Asia,
12 t'rom Africa, 13 from I.atin America, and four from the Pacific Islands and Australia. 
The data are now being analyzed. 
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Preliminary Screening of Soybean Germplasm for Resistance 
to Beanfly (mainly Ophiomyia phaseoli) in Indonesia 

Introduction 
The agromyzid beanfly pest complex that infest soybean in Taiwan and the rest of the

tropical and subtropical Asia differs from one infests soybean inthe that Indonesia.
In Indonesia Ophiolm'iaphaseoli takes a heavy toll on soybean, while in the rest of Asia,
Melanagromyza sojae is the major soybean problem. While M. sojae is a pith feeder, the 
0. phaseoli feeds on the cortex just underneath the epidermis. It rarely feeds on pith. Asa result of the difference in feeding habit, accessions that are resistant to M. sojae are
resistant to 0. phaseoli. Since beanfly damage 

not 
is more severe in Indonesia, a cooperative

research project was initiated to screen AVRDC's soybean germplasm for 0. phaseoli
resisiance in the 1P. T. Patra Tani soybean fields near Palembang, South Suma i. 

Materials and Methods 

)uring November to late December two lots of 500 accessions each were shipped to
Indonesia. The first lot was planted in late )ecember 1983 and the second, in early January
1984. Each entry was planted in a single 5 m long ro'v with a distance of 75 cm between 
two adjacent rows. Four weeks after germination, the number of dead and surviving soybean
plants was recorded. The percentage of plant mortality was analyzed by a statistical method 
based on mean and standard deviation to classify accessions into the following categories:
high resistance (IIR), moderate resistance (MR), low resistance (L R), susceptible (S), and highly 
susceptible (IAS). 

Results 

The first group of 500 acessions were all killed by b,anfly infestation. In the second 
group of) 500 accessions planted, 10 more living308 had or or dead plants at 28 to 3C lays
after germination. Only these accessions were evaluated. The relative resistance classification
of these accessions is summarized in Table 1. The mean pecentage of mortality for 308 
accessions was 69% with a range of 7.7 to 100%. 

Table 1. Resistance rating of soybean accessions screened
 
for 0. phaseoli resist-uce at Palembang, Indonesia.!
 

Resistance Category . itantMortality Range No. of Accessions
 
HR less than 31% 12y 

MR 32 to 500,% 42 
LR 51 to 68 77
S 69 to 100 177 

'Planhrig diiat' Jauary 0. vaidluaariu d Vi -twfa y " I ',1 YAVRL)C Acc No ;.
G523, G645. G I1 Gl:''. W/O, G7iei , JO/(). G 8 9,;' and G958G806, C.890, 32 
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All these accessions, however, showed susceptibility to M. sojae at AVRDC. The 12 
HR accessions will be screened once again in Indonesia to confirm the resistance. Another 
1000 entries during 1985 will also be screened in order to obtain better sources of resistance. 

reliminary Screening of Additional Soybean Accessions for 
Resistance to Beanfly (mainly M. sojae) at AVRDC 

Introduction 

Up until autumn 1982 at AVRDC, over 9,000 accessions, practically all AVRDC soybean 
germplasm, were screened for resistance to beanflies, mainly Al. sojae. Only four Glycine 
soja accessions showed moderate to high levels of resistance to W. sojae. From 1982 to 1984 
additional germplasn was received which were screened along with those that could not be 
screened in the past due to inadequate seed supply. 

Materials and Methods 

Seeds of each accession were planted in a single, 5 rn long row on the top of 75 cm 
wide beds. The crop was grown according to customary cultural practices, except that no 
insecticide was applied. Six weeks after planting, a 10-plat sample was uprooted frotn each, 
the stems were cut open, and the number of beanfly larvae and pupae found within was 
recorded. Also recordeco was the number of plants with clearly visible damage by the beanflies. 
The insect num ber per 10 plants and plant damage percentage were statistically analyzed to 
classify accessions into relative resistance categories. 

Results 

The classification of the 344 accessions screened for beanfly resistance is shown in Table 
2. All accessions were damaged to a lesser or greater degree by beanflics. The number of 
beanfly larvae + pupae per 10 plants ranged from 0 to 26 and the percentage of plants damaged, 
from 20 to 100%. The 12 accessions that fell under the IR category by number of 
larvae + pupae/ 10 plants also belong to t1!is category based on percentage of plant: damaged. 
These 12 accessions all belong to the wild soybean species. They have stuall viny stems which 
lod e easily. Besides, tile resislance in these accessions seems to be dte to its small pith diameter 
which cannot easily accommodate a beanlfly larva. Therefort', these materi,,is nlay not bie used 
in breeding for M,. solat, resistance in soybeati. This brecding program had now shifted to 
Ihe search for beatfly-tolerant culti,; rs. 

Table 2. Classification of selected soybean accessions 
into various resistance categories.' 

No. Accessions Based on 
Resistance Category larvae + pupae damaged planls 

/10 plants 

HR 12 26 
MR 39 9 
LR 110 6 
S 172 303 
HS 11 0 

'Plantea Sept , vidIualed Nov. i 191il 
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Third Screening of Selected Soybean Accessions 
for Resistance to Beanffies 

Introduction 

In autunmn i982, 2,169 accessions were screened for resistance to beanflies, mainly
Aelanagro:nlz,! soju at JeavtAVRDC. A total of' 217 aff,',dlr. r a-scictc. apd tcstc' 
for resistance to beanfly, nainly O1hom via piaseoli, at Palembang, Indonesia in autumn 
1983. Foturteen less dama-d accessions (average plant mortality of less than 70%) were 
classified as highly re,istant. Thirteen of these accessions were screened with two susceptible
:hecks for resistance to beanflv at AVRIDC inautumn 1984 for the third time. 

Materials and Methods 

A 0.05 ha field was rototilled, applied with basal fertilizers, and worked into 75 cm 
wide beds. The beds were divided into 5 rn long plots. The seeds of each of 15 accessions 
included in this test were sown as a ingle row on the top of each bed. Each accession was 
planted in three randomly arranged beds. lhe crop was raised according to customary cultural
practices, except that no insecticide was applied. At five weeks after germination, a 10-plant
sample was taken from each plot. Each plant was cut open and the number of beanfly larvae 
and pupae found inside was re,.'orded. The tumber of plants with visible beanfly damage in 
each sample was also recorded. Tie insect count and plant damage percentage were analyzed
by l)uncan's Multiple Range Tcst. 

Results 

The results of bcanfly infestation of these accessions are presented in Fable 3. The 13 
accessions belonging to species GI 'cin'javanica and G. soja had significantly less insects than 
two G. max susceptible checks. Some of the resistant accessions had beanfly damage, but 
we could not find any larvae, pupae, or empty pupal cases. This indicated that the insect 
attacked tile plants but perished before tile pupal stage. 

Table 3. Beanfly infestation of selected soybean accessions during
the tird screening for resistance at AVRDC7 

Accession No. Identification 
No.of 3e,,nfly

Larvae + Pupae/ Damaged 
20 Plants Plants (0) 

G5157 
G5158 

Glycine iavaica 0.Oc 
0.0c 

50bcd 
21d 

G9062 G. soya 0.Oc 86ab 
G3112 " 0.7c 59abcd 
G3101 0.7c 73abc 
G9078 1.3c 70abc 
G9065 " 1.3c 66abc 
G9084 1.3c 60abcd 
G9286 " 1.7c 73abc 
G3085 ' 1.7c 39cd 
G9091 " 1.7c 75abc 
G9162 1.7c 86ab 
G9126 2.3 64abc 
G2029 G. max 29.0 100a 
G6 42.7 100a 

'Mainly Ale./, ,ojow,.',t;o plainlirg date Sept. 21, evaluation date: Oct. 26. 1984. Means having 
the sanu,? hllter an, not oqnitcanlly difterent at the 51/'b multipleimi ech column level by DLIuncan's 
range lte?;
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All 13 resistant accessions have distinctly thin steins and these plants lodge easily. The 
resistance appears to be due to the small stem which is too woody for feeding and a pith
tissue which is too narrow for penetration. As a result, these plants are less damaged. Our 
past work with beanfly-resistant G. soja indicated that the resistance is associated with the 
thin stem which, from an agronomic point of view, is distinctly an undesirable character. 
Therefore, the use of newly found accessions resistant to G. javanica and G. soja is rather 
limited. 

Conclusion 

Two Gl'cineja.'anica and II G.so/u accessions show moderate to high levels of resistance 
to a beanfly species, Melanagromyza sojae. 

Beanfly Infestation and Soybean Yield under Natural 
Autumn and Extended Photoperiods 

Introduction 

Over the past years, it has bcen observed that beanfly infestation and damage in soybean 
are always greater in autumni than in spring. For many years, the rainfall, average temperatures,
and relative humidity of these two seasons have not been much different. 

Op,, important differencc bet ween the e two seasons, however, is the length of 
photoperiod. In auunn, photoperiod decreases as the plants grow; in spring, it increases.
Soybean is a photoperiod-sensitivc crop, and since photoperiod affects the physiology and 
growth of the plants, it may have some influence on beanfly damage. In this experiment,
therefore, the role of photoperiod in beanfly mfestalion and yield reduction was studied. 

Materials and Methods 

A 0.05 da piece of land was rototilled and worked into I in wide beds across the length
of the field. The land was divided into two sections, each comprising eight plots, each plot
measuring 3 in wide and 3.3 in long (10 sq im). Seeds of cItivar KS9 were sown in two rows 
onieach bed in each plot. The distance was 10 cm between two adjacent hills in each row. 
In one section comprising cight plots, electric lights were insialled at the junction of a 3 In x 3 
in grid. The bulbs were placed 160 cm above the soil Surface. Soon after germination the 
photoperiod in this section was increased to a total of 13 lir and 10 miln., the longest
pholoperiod to which plants are exposed in the spring season. This was done by switching
the ligits on at 4 p.m. and shtlting them off vhen total photoo~eriod (natural -i-artificial) 
reached 13 hr and 10 mini.The other section of the field was let undisturbed. A tinplate
fence was erected between the two sections t,) prevent light transmission to the other side. 

Four plots in each section were treated with Omethoate 30EC at the rate of t.5 kg a.i./ha
3, 7, 10, 14, 21, 28, and 35 days after germination. 

At five weeks after germination, a 30-plant sample was takeni from each plot; and each 
plant was dissected to record the number of'bean fly larvae and pUlpae, as well as visible bean fly
damage. The number of beanfly larvae and pupae per 30 plants, as well as the percentage 
of damaged plants were later calculated. 

At the 13 stage, a fuither i 10-plant sample was taken from each plot and the number 
of leaflets, as well as leaf area/plant were recorded. Also recorded were fresh and dry weights 
of leallets, stems, and roots. At harvest seed yield was recorded. 

Results 

The results of bean fly infestation, plant growth, and sced yield of plants grown under 
natural and extended Iihotoperiod are shown inTable 4. The number of larvae + pupae per 
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30 plants grown under extended photoperiod was significantly less than in the control plants.
There was, however, no significant difference when percentage of damaged plants under both 
photoperiods were compared. In both photoperiods insecticide application reduced beanfly
infestation significantly. 

Table 4. Beanfly infestation, plant growth, and yield response 
of soybean under normal and extended photoperiods. 

Natural Photoperiod 	 13.5-hr Photoperiod 
without with level of without with level of 

insecticide insecticide" significance insecticide insecticide significance 
No.beanfly P i L 60.5 2.0 * 43.0 2.3 ** 

/30 plants
 
Percentage of 98.5 12.5 * 93.5 15.8 
 ** 

damaged plants
 
Leaflet no./plant 30.6 32.6 NS 47.5 
 47.0 NS 
Leaf area (cm ' ) 758.9 1003.3 * 1691.7 1879.5 NS 

/plant
 
Fresh wt (g)of 

roots 1.4 1.5 NS 
 2.0 2.5 NS 
stems 19.3 27.3 * 39.6 48.0 NS 
leaves 10.7 13.0 	 21.0 20.3 NS 

Dry 	wt (g) of 
roots 0.5 0.6 NS 0.9 1.1 
 NS 
stems 4.5 6.2 * 8.9 11.3 NS 
leaves 3.2 4.1 NS 5.6 6.1 NS 

Yield (kg)/10 rn 2 1.9 2.1 2.3 2.2 NS
 
'Onethoate 7paayfi iii 5 kq a lrina. 1. and 35 days after
3. /. 1. 28, 	 germination Ylndicates 
the,
difforerice t0jtvei n rl,ict d arid Untlrealed plots
tId( retod 	 NS - not sOgnificant * significant at the 
5: l :,- , I ; iqriilcaw; 1'.itthe I-vel
 

Although there was not intuch difference iii leaflet numbers of plants grown under two
pholoperiods, tite lotal leaf. area tinder the extended pholoperiod was significantly greater.
Insecticide treatlielt significantly increased leaf area under natural photoperiod, but tinder
the extended photoperiod Ihere was no difference. This increased leaf. area influenced plant
growth as reflected in fresh and dry weights of the steins. Differences in fresh and dry weight
accuiulati olt bet ween insecticide-t reared and tintreated plants were highly significant under
natural ph,.,toperiod and were not significant tinder tile extended photoperiod. Similarly,
insecticide treatlllent signi ficanlitlV itncreased seed yield tttnder natural photoperiod, but such 
treattment had no significant effect under the extended photoperiod.

There was nlo clifferenc. betwecite ie temperatures utider normal and extended 
photoperiods. 

Yield reduction dute to heatlfly ittfestation 0a.ulutnn soybean thus appeared to be theof 

result of shorter l)h1olopeiod. The plant did Ftot have enough sOu rce to coMnpensate for tile 
bean fly dainage. Under tie exendced photoperiod. Ile plant putt up extra vegetative growth
and matured late; iltls,it was able to make ip for beanfly dalage. The difference in vield
loss CIUe 1t0 I)elllies in the aLtnm ii and sprinrg soybean seemed to be caused by the difference 
in photoperiod. 

Conclusion 

'fhie significant yield ioss of soybean in autunn due to beantly infestation compared
with no yield loss in spring semed to be related to the difference in tile length of' photoperiods 
between the two seasonts. 
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Resistance Mechanism of Selected Soybean
 
Accessions to Porthesia taiwana
 

Introduction 
Three soybean accessions, P1171451, P1227687, and P1229358, were reported to be 

resistant to two soybean foliage feeders; Mexican bean beetle, Epilachna varvivestis, and 
Heliothis armigera in the United States. At AVRDC in 1982, these accessions showed high
level of resistance to beet armyworm, Spodoptera exigua. Further studies here indicated that 
these accessions have an antibiotic effect on beet armyworm. Since Porthesia taiwana, 
a polyphagous insect also infests soybean, at times seriously in the spring season, a preliminary
study 	was made of these accessions' antibiosis on this insect pest in 1983. Based on these
preliminary results additional characteristics were 	studied to confirm this antibiosis. 

Materials and Methods 
The three PI accessions and cultivar TK5 (susceptible check) were grown in the field 

away from areas of frequent insecticide use. Sowing was done at monthly intervals to assure 
a supply of foliage for the insect-feeding study.

Two fresh leaflets of each accession were confined in a petri dish and five first-instar 
P. taiwana larvae were released in each of eight dishes. The petri dishes were maintained at
25°C 	and 65010 	 RH. The leaves were replaced at every one-to three-day intervals. At each 
replacement, the leaf area was neasured on a 	Licor area meter before giving the leaves to 
the insect and again after removing the consumed leaves prior to the next replacement. The 
amount of leaf aca consumed was deduced by substraction. 

The number of dead larvae were recorded every day. At pupation the total larval period
and pupal weights were recorded. Th , pupae were confined in a cage containing soybean plants
and observed daily for adult emergence. The number of adults that emerged were recorded,

and the adults maintained in the same cage until all died. The number of eggs laid were recorded
 
and the number of eggs per female were calculated. Ah';o recorded was the longevity of each
 
adult.
 

Results 
P. taiwana larvae reared on PI accessions had greater mortality than those fed susceptible

TK5 leaves (Fig. 1). Among the PI entries more larvae died on P1171451 and P1227687 than 
on P1229358. Insect mortality on 11229358 was only marginally greater than on TK5. The 
insects suffered greater mortality in the final instar just before pupation. This could be due 
to 	 the toxic properties or reduced nutritional quality of the PI accessions. 

It is interesting to note that, whereas P1171451 exhibited stronger antibiosis than the
other 	two PI accessions to P. taiwana, in our 1982 study it showed a weaker antibiosis to 
S. exigua. The larvae consumed significantly less P1171451 and P1227687 foliage than the
other entries (Table 5). The larval periods of insects fed on 111171451 and P1227687 were 
significantly longer than those of larvae fed on the other two entries. 

The pupation rate of larvae fed P1 entries were shorter than that of insecLs fed TK5. 
Among the P1 entries, P1171451 had the least number of' insects reaching the pupal stage.
Although there was no significant difference in pupal weights, the pupae from larvae reared 
on P1171451 were lighter than those on other entries. Pupal peijod did not differ significantly 
among accessions. The rate of adult emergence and adult longevity did nut differ, but the 
number of eggs laid per female was much less in insects reared on P1171451 than in those 
reared on other accessions (Table 6). 

Conclusion 

Foliage of l11171451, P'1227687, and 1PI229358 showed an antibiosis to P. taiwana, with 
P1171451 exhibiting the greatest level. 
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Fig. 1. Growth and development of Porthesia taiwana on various 
soybean accessions. 

Table 5. Leaf consumption and certain biological parameters of P. taiwana 
reared on foliage of selected soybean accessions 

Total Leaf Larval Pupation Pupal Pupal
Accession Consumption Duration Rate Weight Period 

/Larva (cm 2) (days) (0/0) (mg) (days) 
P1171451 32.59bc 37.Oa 2.5c 41.5 9.0 
P1227687 29.39c 36.Oa 20.Obc 52.5 10.3 
P1229358 48.86b 26.2b 32.5b 54.7 10.0 
TK5 73.43a 25.9b 57.5a 58.6 10.0 

'Data are rnean; of eight replicates Means in each vertical column tollowed by the same letter are 
not signilficartly diforent atti, -; level according to Duncaii's Multiple RP:,ge Test. 

Table 6. Certain biological parameters of P. taiwana adults 
from larvae reared on foliage of selec:ed soybean accessions. 

Accession Adult Emergence Adult Longevity No. Eggs 
(%) (days) per Female 

P1171451 100 5.0 60
 
P1227687 91.8 5.3 
 90 
P1229358 95.0 4.5 109
 
TK5 96.0 5.7 100
 

Antibiosis of Selected Soybean Accessions 

to Scarabid Beetles 

Introduction 

Two species of scarabid beetles, 4,0non1ala cupripes, and A. e.pansa, infest soybean and 
other crops, mostly legumes, every year in spring. The adults of these species feed on soybean 
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leaves and, if control measures are not adapted, cause serious defoliation. Since three soybean
accessions, Pi 171451, P1227687, and P1729358, have shown various levels of antibiosis to three
other defoliators, namely Spodopteraexigua, Porthesiataiwana,and Orgyja sp., a preliminary
trial 	 waq conducted in 1983 which indicated that A. cupripes consumes significantly less
P1229358 foliage than the two P1 entries or TK5 (susceptible check). High temperatures during
foliage feeding reduced consumption much more drastically in PI entries than in TK5. In
1984, we conducted another study to confirm this antibiosis to scarabid beetles. 

Materials and Method3 

The above three 1 accessions adi d .. r 'TK5 (susceptible check) were grown in the
field away from areas of frequent insecticide use. Sowing was done at monthly intervals to 
assure a supply of foliage for the insect-feeding study.

A. cupripesadults were collected from the light trap in April when they started appearing
for the first time. They were maintained on soybean leaves in a nylon screen cage (45 x 45 x 40
cm) for one to two days before initiation of the experiinent. The insect longevity and feeding
study 	was done at 250 and 30'C. 

Sev,'ral fresh leaflets of each accession were placed in a pt.!ri dish (14.5 cm in diameter,
2.5 cm high). Three to four beetles were released in each of' the 12 petri dishes maintained 
at 25°C, and one beetle in each of the 20 petri dishes exposed to 30'C. The leaves were replaced
at one-to three-day intervals. At each replacement, the leaf area was measured on a Licor 
area meter before feeding the leaves to the insects and again after removing the consumed
leaves prior to the next leaf replacement. The amount of' leaf area consumed was deduced
by substraction. The number of dead beetles were 	recorded every day to calculate longevity. 

Results 
1"he results of insect longevity, total foliage consumption, and daily foliage consumption

at 250 and 30'C are presented in Table 7. The insects feeding on P1229358 leaves had the
lowest longevity and consumed significantly less foliage than those on susceptible check cultivar 
TK5 	 and P1171451. There was no difference either in longevity or foliage consumption of
P1171451 and TK5. Insects feeding on P1227687 had significantly lower longevity than those 
feeding on TK5 or P11171451, but :fhe former's daily foliage consumption did not differ
significantly from that of the latter two citries. As a result of reduced longevily on P1229358,
total and daily leaf consumption were significantly less. 

Insects maintained at 300'C on all accessions had 	 reduced longevity and foliage
consumption. P1229358, therefore, is antibiotic to A. cupripets and it represcnls a source ofresistance in breeding. It is interesting to note that P1171451 had a stronger ant ibiosis to the
lepidopterous defoliator Iorthia laiwanw, but it is susceptible to coleopteran A. cut)ril)es.
P1"227687 has shown stronger levels of antibiosis to SI)odoptera lilura. 'To breed for resistance 
to foliage- 'CediIlg insects, thereforc, it will be necessary to combine the resistance of all three 
accessions. 

Table 7. Longevity and Ioliage consumption by A. cupripes 
fed on leaves of four soybean accessions.-' 
Longevity Total Leaf Area (cm;) Leaf Area (cm 2)


Accession (days) Consumed/Insect Consurned/Day
 
250 300C 25'C 300C 250C 300C
 

P1171451 39.9a 8.3a 
 517a 61.5a 13 Oa 6.6a
P1227687 19.4b 6.Obc 236c 30.8bc 9.6b 4.6b
 
P1229358 9.4c 
 5.1 c 65d 9.8c 4.4c 2.1c
TK5 36.7a 7.8ab 374b 50.4bc 9.5b 5.7ab


zData for 25 C ie Ii rmean,; Of 1P replicates and for . means Means in each
'C,the of 2C rplicales 

vertical 
 colurnn followe(d by ihe ,are letter are not significarMly different at the 5% level by Duncan's
 
Multiple Rariqe T l
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Conclusion 

Soybean accession P1229358 showed strong antibiosis to a scarabid beetle, A. cupripes.
The insect reared oil foliage of this accession had significantly reduced longevity and consumed 
significantly less foliage than the insects reared on TK5 or P1171451. 

Screening of Soybean Accessions for 

Resistance to Lima Bean Pod Borer 

Introduction 

Lima bean pod borer, Etiella zinckenella, is a serious pest of soybean in tropical and
subtropical Asia. Its damage is especially severe throughout the year in Indonesia. Seven 
soybean accessions found consistently resistant to this insect at AVRDC were, however,
susceptible in Indonesia. Investigations showed that this resistance at AVRDC resulted mainly
from the fact that these accessions were late-maturing, and so escaped the insect peak
population which coincided with the maturity of susceptible accessions. Fresh screening for
resistance irrespective of season or insect population pressure was, therefore, started. This 
time planting was done in September and in October and a large number of E. zinckenella 
pupae were released at regular inteuvals ta augment natural pod borer population. 

Materials and Methods 

A 0.75 ha piece of land away from areas of frequent insecticide use was rototilled, applied
with basal fertilizer, and worked into 75 cm wide beds. These beds were further divided into 
5 in long ploti. Seeds from each of the 1,000 soybean accessions were sown in a single 5in long row plot on the top of each bed. We planted the crop twice on identical plot size 
and design on September II and October 11, 1983. Routine cultural practices were used, except
that no insecticide was applied.

Beginning with the flowering of tile earliest flowering accessions and at about 10-day
intervals thereafter, we released a large number of laboratory-reared 1.7.zinckenel: pupae.
The pupae were placed at regular distances throughout the field. At harvest time which varied
for different accessions, all plants in each plot were harvested and their pods examined for 
lima bean pod borer daniage. The nunber of damaged and healthy pods was recorded, and 
the percentage of'damaged pods was calculated on a statistical method based on mean and 
standard deviation (sd). 

l'hr.met hod enabled us to classify the accessions into various resistance categories.
Acccsions considercd as highlv resistant (IIR) had pod-damage percentage less than mean 
- 2sd; those coiisidered noderately resistant had pod-damage percentage between mean -2sd

and mean --Isd; those that showed low resistance (LR) had pod-damage percentage betwe.en
 
mean and mean - Isd; the susccptible (S)accessions had pod-damage percentage between mean
 
and mean + 2sd; and tile highly susceptible (IS) accessions showed pod-damage greater than 
mean + 2sd. 

Results 

The resulls of both screenings are summarized in Table 8. Pod-damage varied from 0 
to 9300 in the first, and 0 to 37% in the second planting. In the first planting only one a.'cession 
was free of' damage and fell under the -tR category; however, this same accession hiJ 7.5%
pod-damage in the second ,nd was classified under the LR category. Although a larg- -mmber 
of accessions, 126 in the first and 108 in the second, belonged to the NIR category, only four 
(G98,Gi 11, G584, and 0909) were NIR in both plantings. These accessions thus had the least
damage irrespective of planting date or lima bean pod borer population pressure. These 

http:betwe.en
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accessions will be studied in 1985 to ascertain their resistance mechanism before testing them
elsewhere in Asia prior to their use in our pod borer resistance breeding program. 

Conclusion 

Four soybean accessions. G98, Gill, G584 and G909, showed moderate resistance to 
lima bean pod borer in two screenings at AVRDC. These accessions will be studied further 
for their mechanism of resistance to lima bean pod borer. 

Table 8. Distribution of soybean accessions into various 
resistance categories based on lima bean pod borer infestation. 

Resistance Category No. of Accessions 
Resistac Cfirst screening' second screeningY 

HR 1 0 
MR 126 108 
LR 444 468
 
S 370 362 
HS 48 40 

Total 989 978 
Mean damage percentage 29.47 7.89 
SD damage percentage ± 14 66 ± 4.91 
Range damage percentage 0 to 93 0 to 37 

zSowing date Sept 8, 1983; harvest date: Nov 12, to Dec. 14 1983. YSowing 
date: Oct. 11; harve date: Jan. 3 to 20, 1983. 



Soybean Pathology 

Preliminary Rust Tolerance Trials 

Introduction 

Significant variations in relative yielding ability of soybean cultivars under rust stress(tolerance) were known to exist. In order to evaluate and select soybean breeding lines with
improved rust tolerance, high-yielding ability, and early maturity, a series of rust-tolerance 
trials were estabiished. 

Materials and Methods 

The preliminary rust-tolerance trials (PRTTs) are usually non-replicated experiments
unprotected by fungicic.,x. Five PRTTs "ere conducted in spring 1984. The numbers of testfamilies and lines in each trial are listed in Table 1.All families and lines had been previously
evaluated and selected for potential rust resistance and/or tolerance. All PRTTs were plaited
on March I with plant density equivalent to 200,000 plants/ha and plot size of 2x3 m.


The check cultivars were G38, AGSI29, KS8 (yield check), and AGSI81 
 (highly tolerant
check). All plots were inoculatd with a rust uredospore suspension on April 13 and 24. Data 
on yield per plot and 100-seed weight were collected at harvest and converted to 13% moisture 
content before evaluation. All other AVRDC cultural practices wefe followed. 

Results 

A total of 67 selections, 30 as bulk harvested lines and 37 as single plants, were inade
in PRTTs in the spring (Table I). In PRTlT-I, 16 FO SRE-13 lines and nine AVRDC accessions 
were identilied as potentially rust-to'erant. Six of these were potentially better yielding than
G38 (moderately tolerant check) and two were better yielding than AGSI81 (highly tolerant 

Table 1. Number of families tested and number of families and lines selected for
potential levels of tolerance in the five preliminary rust tolerance trials in spring, 1984. 
PRTT Generation Cross Families or With Single No.No. of of Bulk 

designatio0 LinesEvaluated SelectionPlant Plants Harvested LinesSelected for Advance 

F10 SRE-B 66 8 18 25 
- Accession 
- PI 

II F7 SRE-D 53 10 17 5 
GC 

III F9 SRE-C 2 0 0 0
IV R1 23 1 1 0
V F8 SRE-C 7 1 1 0


ZLines received ftorn Dr. D. E. F3yth, Univ. of Oueensland, Australia.
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check)(Table 2). In PRTT-II, only five F7 GC lines were considered to be better yielding than 
AGS181 (Table 3). The 100-seed weight of these five lines were also considerably higher than 
that of the check cultivars. No lines in PRTT-1I1, IV, or V were selected. 

Since some high-yielding families were segrcgating for plant type, 18 single-plant 
selections from eight PRTT-I families, 17 from 10 PRTT-II families, and one selection from 
one family in each of PRTT-IV and PRTT-V were made in the spring (Table 1). 

Conclusion 

A number of potentially rust-tolerant, high-yielding and early-maturing lines were 
identified in the experiment, and will be re-evaluated in the future. 

Table 2. High-yielding, potentially tolerant lines in the preliminary rust tolerance trial I, 
spring 1984.z 

Line Designation Days to Maturity YieldY(g/3m 2) 100-Seed WtY(g) 
SRE-B-15-0-0-0-3-BK-1e-BKt-BK-7 96 771.4 13.6 
SRE-B- 15-0-3-2-1-BK-2e-BKt-BK-1 97 737.3 17.9 
SRE-B-15-0-0-0-9-BK-1-BKt-BK-2 102 683.1 12.6 
SRE-B-15-0-0-0-3-BK-ie-BKt-BK-1 96 678.2 15.6 
SRE-B-15-0-0-0-9-BK-le-BKt-BK-1 102 676.7 13.4 
SRE-B-115-0-0-0-9-BK-i e-BKt-BK-4 102 670.4 13.3 
AGS181 (SRE-Z-11A) 92 725.7 16.4 
G38 (Shih-Shih) 92 634.0 12.5 
KS8 102 576.2 13.7 
AGS129 102 364.0 8.P 

'Date planted: March 1, 1984; plot size: 2x3 m; no. of lines evaluated: 66. YAt 13% moisture 
content 

Table 3. High-yielding, potentially tolerant lines
 
in the preliminary rust tolerance trial II, spring 1984.z
 

Line Designation Days to Maturity YieldY(g13m 2) 100-Seed WY(g) 
GCOOO31-BK-BKe-3e-1-2-1 96 703.0 18.5 
GCO0031-BK-BKe-2e-2 1-2 102 608.5 17.4 
GCO0031-BK-BKi-9e-1-3-1 98 587.7 17.4 
GC00031 -dK-BKi-! 1e-2-1-4 102 577.6 18.5 
GC00031-BK-BKi-11 e-1-1-3 102 568.5 17.0 
AGS181 (SRE-Z-11A) 92 673.6 15.4 
G38 (Shih-Shih) 92 524.6 14.6
 
AGS129 102 423.1 
 7.8 

'Date planted. March 1. 1984, plot size: 2x3 m: no. ot lines evaluated: 53 YAt 13% moisture 
content 

Intermediate Soybean Rust Tolerance Trial, Spring 1984 

Introduction 
Previous results have shown that significant variations in relative yielding ability exist 

among soybean cuhivars under stress from a rust epidemic. Therefore, a series of rust tolerance 
trials, preliminary (PRT), intermediate (I RTT), and advanced (ARTT), have been established 
to evaluate and select soybean lines with improved rust tolerance, high yield, and early 
maturity. Selected lines from IRTT are advanced to the ARTT. 

Materials and Methods 

Three intermediate rust tolerance trials, IRTT-I, IRTT-li, and IRTT-IlI, were conducted 
in spring 1984. Used in these three experiments were 45, 25, and 37 advanced lines with five 
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check cultivars. These lines were previously selected based on uniform morphology and yield
ability under severe rust stress. Check cultivars were G38, AGSI29, KS8, AGSI81, and TN4.Plot size for each line or cultivar was 2 x 3 m (32 harvested area), and plant density was 
equivalent to 200,000 plants/ha.

A split-plot design with two replication!, in IRTT-I and three replications in IRTT-11
and IRTT-I11 was used. Main plots were fungicide and nonfungicide treatments. Subplotswere advanced lines and check cultivars. All three experiments were planted on February 29,
1984. The nonfungicide plots were inoculated with rust 34 and 48 days later. Dithane M-45 was sprayed on fungicide-protected plots ever' two weeks. AVRDC cultural practices were 
followed. 

Data collected included yield, 100-seed weight, and days to maturity. Yield data wereconverted to 13% moisture content before evaluation. Yield loss was expressed as percentage
of fungicide-protected yield.

Sixteen test lines wcre included in IRTT-I, ten in IRTT-Il, and nine in IRTT-Il. Theselines were previously selected as potentially tolerant to rust, as well as potentially high-yielding
and resistant to lodging in the rainy season. 

Results 

In IRTT-I, ten fungicide-protecled lines had yields significantly higher than G-38, and
two lines had yields not significantly different from TN4 the highest-yielding check (Table4). Four lines in the unprotected treatment had levels of tolerance and yield similar to that 

Table 4. Yield and yield loss percentage of advanced breeding lines in the 
intermediate rust tolerance trial-I grown under fungicide and nonfungicide treatments 

during a soybean rust epidemic in spring 1984, AVRDC. 

Yield (t/ha) Yield Loss
Cultivar fungicide- unprotected (0 

protected
 
SRE-D-11-3-BKe-1e-1 e- 1--BK 3.03 + 
 1.64x 45n

SRE-D-1 1-3-BKe-Ie-5.1-BK 
 3.05 + 1.65 45.8
SRE-D-1 1-3-BKe-le-9-1-BK 
 3.25 + 1.44- 55.7
SRE-D-11-3-BKe-le-9-5.BK 3.41 + 1.47- 56.9 
SRE-D-11-3-BKe- 1e-10-1 -BK 3.14+ 1.65 47.4
SRE-D-l 1-3-BKe-le-10-2-BK 3.57+ 1.75 51.0
SRE-D-18-0-8Ke-le-1-2-BK 2.77 1.66 39.9
SRE-D-18-0-BKe-3e.1-4-BK 2.56 1.95 + 23.5
SRE-D-18-0-Bke-ie-1-3-BK 2.63 1.86 29.1
SRE-D-14-0-BKi- 1e-I-i-BK 3.27 + 1.71 47.5
SRE-D-18-0-3Ki-ie-2-2-BK 2.74 1.78 35.2
 
SRE-D-18-0-BKi-le-3-3-BK 
 2.89+ 1.24- 57.2
SRE-D-14-O-BKI-6e-1-2-BK 3.21 + 1.74 45.8
SRE.D-14-0-BKI-6e-3-5-BK 
 2.64 1.78 32.6
SRE-D-14-0-BKI-6e-5-2-BK 2.50 1.79 28.4
SRE-D-1 1-3-BKI.7i-2-1-BK 3.00+ 1.49- 50.2G38 (Shih-Shih) 2.66 1.37- 48.7
AGS129 3.14+ 1.27- 59.6
KS8' 3.40+ 1.33- 60.9
AGS181 (SRE-Z-11A)- 2.34- 1.72 26.6
TN4A 
 3.55+ 0.90- 73.0 

LSD 0F) 0.223
 
Plo , for each cuitivar is 3 x 2 rn (harvested area 3 ml'), and plant density 
 is equivalent to

200,000 plant/t a '/Significarntly difetrnt iP 0 0) in yield from check cultivars G38: + = greater

than check. - less than check 'Signhiicantly diferent (P .005)) horn tolerant check 
 cultivar
AGS181, f grealer than check: - .l,-s, than check. wCheck cUllivars. 

http:SRE-D-11-3-BKe-le-9-5.BK


244 AVRDC Progress Report 1984 

of the highly tolerant check (AGSISI). One line, D-18-0-BKe-3e-I-4-BK, showed a level of
tolerance (as indicated by percentage of yield loss) lower than the highly tolerant check.

In IRTT-lI, none of the test lines yielded better than G38 in the fungicide-protected
plots (Table 5). However, nine of the 10 test lines yielded better than the highest-yielding
check in the unprotected plots; and seven of these lines had higher levels of tolerance than
the highly tolerant check. One line had the lowest yield loss of only I0.7% compared with
the rest, including the highly tolerant checks. Two unprotected lines yielded more than 2 t/ha
compared With tie rest, including the high-yielding check. 

In IRTT-11, one line yielded better than G38 and three had similar yields to the check
in the fungicide-protected treatments (Table 6). All the test lines yielded at least as well as
the highly tolerant check (AGS 181), and six of the nine lines yielded significantly better.
Two untreated lines yielded more than 2 t/ha compared with 1.23 t/ha for AGSI29. 

Conclusion 

In this spring trial, a number of highly tolerant lines, some of which are more tolerant 
than the highly tolerant check, have been identified. Some potentially high-yielding lines with
moderate to high levels of rust tolerance have also been disclosed. The best lines in the IRTT
will be selected and advanced to the ARTT when the fall 1984 trials are completed. 

Advanced Soybean Rust Tolerance Trial, Spring 1984 

Introduction 

A series of rust tolerance trials, preliminary (PRTT), intermediate (IRTT), and advanced
(ARTT), have been established to evaluate and select lines with improved rust tolerance, highyield, and early maturity. Selected lines from the IRTT are advanced to the ARTT from which
the best lines will be tested in selected countries with serious soybean rust problems. 

Materials and Methods 

Seven advanced lines previously selected for rust tolerance and high yield potential were
planted in I x 6 ma(2 x 5 in harvested area) plots at a plant density equivalent to 400,000plants/ha. lhe check cultivars were G38 (moderately tolerant), AGS129 (high-yielding), and
AGS181 (highly tolerant). A split-plo! d'sign with four replications was used. Main plots were
fungicide and non fungicide treat ments. Subplot s were the advanced lines and check cult ivars.
Al! lines were planted on February 1984, and the 
 non fungicide plots were inoculated withrust 36 and 53 days later. The fungicide l)ithane M-45 was sprayed every two weeks. AVRDC
 
cultural practices were followed.
 

Data collected were on yield, 
 100-seed weight, days to maturity, defoliation, and 
percentage of rust severity. Yield data were converted to 13% moisture content before
evaluation. Yield loss was expressed as percentage of fungicide-protected yield. Rust severity
and defoliation were estimated iii percentage. The rate of rust development was the regression
coefficient of tile correlation between logi of total rust-affected foliage (rust-affected
foliage + dlefoliatiori) and relative life time (1DAPx 100/days to R8). 

Results 

All test cultivars, except G(C600131-2-7-6-6 and G2120-97RR-I, possessed levels of
tolerance (based on yield loss percentage) similar to the highly tolerant check (AGS181) and were higher yielding than AGS181 in the nonfungicide treatment. However, all fungicide
protected cultivars, except GC60087-7-9-6-11-46, yielded less than G38 (Table 7). As in the
past, only small differences in the rates of rust development were observed (Table 8). 
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Table 5. Yield and yield loss percentage of advanced breeding lines in the 
intermediate rust tolerance trial-Il grown uider fungicide and nonfungicide treatments 

during a soybean rust epidemic in spring 1984, AVRDC. 

Cultivar 

SRE-C-22-0-BK-BKe-BKe-2e-1-2-BK 
SRE-C-22-0-BK-BKe-BKe-2e-1-4-BK 
SRE-C-22-0-BK-BKe-BKe-2e-2.3-BK 
SRE-C-41-0-BK-BKe-B Ke-3e-2-4-BK 
SRE-C-33-C-BK-BKe-BKi-2e-1-2-BK 
SRE-C-56-1-BK-BKe-BKi.2e-2-3BK 
SRE-C-56-1 -BK-BKe-BKi-2e-2-4-BK 
SRE-C-57-0-BK-BKe-BKi.3e-2-3-BK 
SRE-C-22-0-BKBKe-BKI-5e-I-2-BK 
SRE-C-56- 1-BK-BKe-BKI-1 i-i-1-BK 

G38* 

AGS129" 

KS8V 
AGS181w 
TN4* 

LSD .05 

Yield (t/ha)' 
fungicide- unprcYtcted( 
protected 

2.24 - y 1,89+ 15.7 
2.47- 1.98+ 20.0 
2.36- 1.81 + 23.5 
2.52- 1.64 34.9 
2.38- 1.74+ 27.2 
2.58-- 2.06+ 20.1 
2.47- 1.90+ 22.8 
2.30- 1.89+ 18.1 
2.48- 1.84+ 26.0 
2.38- 2.12 + 10.7 
2.97 1.32- 55.6 
3.15+ 1.20- 61.9 
3.27+ 1.36- 58.5 
2.21- 1.58 28.7 
3.10+ 0.91- /0.5 

0.118 
'Plot toorzeeach cullivar is 3 x 2 m. and plart density ji, ,umialeril to 200,000 plant/ha. YSignificantly 
different (P 0 05) n yield horn check cullivar 030, - grealer than check, -=less than check. 

Sgnfl caritly dlfferent (P 0 05) from tolerant check cullivar AGS18 1, greater than check, - less 
tlhan check "Check culivars 

Table 6. Yield and yield loss percentage of advanced breeding line in the 
intermediate rust tolerance trial-Ill grown under fungicide and nonfungicide Ireatments 

during a soybean 

Cultivar 

SR-E -B-I5-0-00-9-BK- 1e-3Kt. 1-BK 
SRE-B-15-0-0-0-9-B3K- e-BKt-3 3K 
SRE-B-15-0-3-2-1-tjK-2e-BKt--1BK 
SRE-B-15-0-3-2-1 -BK-2e-BK-2-BK 
SRE-B-15-0-3-2-1-B K-2e-BKI-,1-BK 
SRE-B- 15-0-0-0-9-BK- Ie-BKt-6-BK 
SREB- 15-0-3-2 1-BK-2e-BKt-5-BK 

SRE-B- 15-0-3-2- ,-BK-20-BKt-8-BK 

SRE-B-15-0-3- 1-3-BK-2i-BKI-6-BK 

G38" 

AGS129" 

KS8' 

AGS1811 

TN4' 


LSD 05 

rust epidemic in spring 1984, AVRDC. 

Yield (t/ha)' Yield Loss 
tungicide- L '"rolected (0/0) 
protected 

2 80y 1.96 +' 29.9 
2.88 + 2.14+ 25.8 
2.23- 1.96 + 11.8 
2.12- 1.76 16.9 
2.20- 1.87+ 14.9 
2.69 1.74 35.3 
c .30  1.69 26.4 
2.34- 1.91 + 18.5 
2.71 2.08 + 23.1 
2.71 1.43- 47.2 
3.23+ 1.23- 61.8 
3.40+ 1.28- 62.2 
2.56- 1.67 34.6 
3.16 + 1.16- 63.4 

0 136 
'Plot :;zn for ,ach crlh,,,ir i ; 3 ,,:2 i, and plant density is equ i lentl to 200,000 plant/ha YS;gnilicanlly 
difleenit (P () in y 1l (Jd m check cultivar G38. t --gneater than check, - : less than check. 
'Significanily difetle nt (P 0 05) hun tolerant check cultivar AGS181, 4- - greater than check, - less 
than check WCheck cultivar. 
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Table 7. Yield and yield loss percentage of advanced breeding linesin the advanced rust tolerance trial-I grown under fungicide and nonfungicide treatments 
during a soybean rust epidemic in spring 1984, AVRDC. 

Yield (t/ha)' 
Cultivar 

GC60082-8-14-6-7-68 
GC60087-7-9-6-10-31 
GC60087-7-9-6-11-46 
GC60087-7-9-6-12-8 
GC60087-7-9-6-12-52 
GC60031-2-7-6-6 
G2120-97RR-1 
G38w 
AGS129' 
AGS181w 

fungicide-
protected 

3.04 - Y 
3.17-
3.30 
3.14-
3.11 -
3.14-
2.47-
3.31 
3.83+ 
2.63-

unprotected 

2.17 +' 
2.07+ 
2.00+ 
2.15 + 
2.13+ 
1.30-
0.74-
1.63-
1.39-
1.73 

Yield Loss 
(0/0) 

28.8 
34.7 
39.6 
31.4 
31.4 
58.7 
70.1 
50.9 
63.7 
34.2 

LSD .05 0.058ZPot size for each cultivar is 3 x 6 m, and plant density is equivalent to *100,000plant/ha. YSignificantly
different (P .0.05) in yield from check cullivar G38: + =greater than check, - = lessxSignificantly different (P . than check.0.05) from tolerant check cultivar AGS181, + = greater than check. - less 
than check 'Check cullivars 

Table 8. Rates of rust development and estimated total rust-affected foliageon advanced breeding lines in the advanced rust tolerance trial-I, spring 1984, AVRDC. 
Cultivar Rate of Rust Rust-Affected 

Development' FoliageY(%)GC60082-8-14-6-7.68 0.2020 4.5GC60087-7-9-6-10-31 0.1826 11.0GC60087-7-9-6-11-46 0.1744 11.7GC60087-7-9-6-12-8 0.1573 13.3GC60087-7-9-6-12-52 0.1634 12.7GC60031-2-7-6-6 0.1218 20.5G2120-97RR-1 0.1516 24.5G38 (Shih-Shih)' 0.1778 9.1AGS129' 0.2229 10.2AGS181 (SRE-Z-11A)' 0.1721 8.0'Regression coefficient of the correlation between total rust-affected foliage (rust-affected foliage+
defoliation) and relative lifelime (DAPx 100/days to Rg). YEstimated total rust-affected foliage when 
70% of the soybean life cycle is completed. Check cultivar. 

Conclusion 

Five lines possessed very good lcvels of tolerance in this spring test. Four of these lines,GC60082-8-14-6-7-68, 60087-7-9-6-11-46, 60087-7-9-6-12-8, and 60087-7-9-6-12-52, alsoshowed very good level- of tolerance in a trial at the -lualien DAIS. The best lines in theARTT will be sclected when the trials in other environments arc completed. 

Rust-Tolerance Trial in Thailand 

Introduction 

Trials have also been conducted in Thailand to evaluate and select soybean lines withimproved rust tolerance, high yield, and early maturity. Those that moreare tolerant (as 

http:GC60082-8-14-6-7.68
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determined by yield loss percentage) and higher yielding than the checks are advanced to thenext IRTT. This trial was conducted in cooperation with the Chiang Mai Field Crop ResearchCenter under the direction of Mrs. Montha Nunthapunt, the-soybean plant pathologist. 

Materials and Methods 
Six tolerant lines were selected and planted in a 3 x 6 ni plot in fall IRTT. Plant densitywas equivalent to 400,000 plants/ha. The check cultivars were AGS129 and 154 (high-yielding),

G38 or Shih-Shih (moderately tolerant;, AGSI8I and 183 (highly tolerant), and 7508-50-10(local check). A split-plot design with three replications was used. Main plots were thefungicide-protected and nonprotected treatments, and the subplots were the advanced lines 
and checks. 

The experiment was conducted during the wet season. The fungicide used was DithaneM-45 sprayed at two-week intervals. Local cultural practices were followed. Data collected 
were yield, 100-seed weight, plant height, node number/plant, pod number/plant etc., and
yield loss (expressed as percentage of fungicide-protected yield). 

Results 

One of the six tested lines, GC60082-8-14-6-7-68, yielded similarly to AGS129 (the highestyielding check) and 7508-50-10 (local check) in the fungicide-protected treatment, but yieldedbetter than AGSI81, and as well as the local check in the nonfungicide treatment (Table 9).
This line was one of the highest yielding cultivars in the rust stressed treatment.

The outstanding line, GC60082-8-14-6-7-68, showed a yield loss that was considerably
lower than that of AGSI81 but a little more than that of the local check. GC60031-2-7-6-6
had a yield loss similar to AGSI8I, and therefore, a high level of tolerance but a lower yieldthan AGS181. GC60087-7-9-6-1 1-46 and GC60087-7-9-6-12-8 with a yield loss equal to or less
than G38 showed moderate tolerance. 

'fhe local check cultivar, 7508-50-10, showed very high yi2ld in the fungicide andnonfungicide treatments and a lower yield loss than AGSI 81. This cultivar is apparently more
tolerant than AGS181, but further tests for confirmation at AVRDC and Thailand will be necessary. Plant height, node number per plant, and number of pods per plant were not greatly
affected by the rust stress in this experiment (Table 10). 

Table 9. Yield, yield loss percentage, 100-seed weight, and weight loss of 
breeding lines and commercial cultivars grown under fungicide and 
nonfungicide treatments during the 1984 wet season, Chiang Mai.z 

Yield' (kg/ha) Yield Loss 100-Seed Wt' (g) Yield Loss 
En tryy fun g icid e- untreate fu n gic ide - untreated (

tretreat ed reated (%) treated
 
A 2310.9 2283.4 1.19 
 14.60 13.13 1007
B 2253.8 1976.8 12.29 20.13 19.50 3.13 
C 2253.4 1806.9 19.81 15.13 14.83 1.98
D 2088.2 1770.5 15.21 15.50 14.57 6.00
E 1820.4 1655.1 9.08 11.30 11.57 -
F 2382.3 1901.2 20.19 12.80 10.60 17.19 
G 1858.9 1794.9 3.44 10.96 10.57 3.56
H 1609.8 1788.1 - 11.23 14.33 -

1 2358.5 2125.6 
 9.87 15.96 15.37 3.69J 1767.3 1503.9 14.90 8.60 8.07 6.16
K 2285.3 1863.2 18.47 14.76 12.53 15.11
L 2328.9 2319.9 0.39 14.06 13.80 1.95 

'Chiang Mai Field Crop HP,,-arch Cen,,r, Thailand YA: GC60082-8 1,4-L 68 B: GC60087-7-9-6-11-46
C: GC60087-7-96 1,1 8 D GC60087-7--96-12-52 E: GC60031-2-7-6-6 F: AGS129 G: AGS154 H: SRE-B-15
0-BK-25-1-BK-;i [3KI HK 13K I AGS18I (SRE-Z 1 A) J AGS183 (SRE-Z-13) K: Shih-Shih (G-38) L: 7058-50-10
 
(local check) 'Mean of three rerlications
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Table 10. Comparison of node, height, pod per plant of 12 cuitivars under fungicide
and nonfungicide treatments during the 1984 wet season at Chiang Mai Field Crop 

Research Center, 1984.' 
Plant Height' (cm) No. of Node/Plant' No. of Pod/Plant' 

Enlryy fungicide-
treated 

ureated 
urtreated 

fungicide- untreated fungicide
treated untreated 

A 80.20 89.86 12.67 13.40 22.83 26.00 
B 80.20 78.13 11.60 12.00 27.47 31.00 
C 77.47 74.20 12.00 12.20 30.73 27.00 
D 
E 

79.93 
bO.77 

75.87 
79.87 

11.37 
12.67 

11.20 
12.27 

33.13 
-VI.27 

31.00 
39.00 

F 89.93 90.80 15.27 15.20 30.67 31.00 
G 93.60 102.20 14.00 14.73 40.53 38.00 
H 90.73 87.87 13.13 1;t.07 28.47 24.00 
I 54.67 61.97 10.13 1%.20 22.47 23.CJ 
J 96.87 99.40 14.13 141.47 39.13 36.00 
K 54.00 64.33 11.07 11.20 26.80 26.00 
L 83.93 81.07 12.53 11.6C 36.53 35.00 

'Chiang Mai 1ield Crci Rieairch Cenrht Bhaind YA. GC60082-8-1,1-6-7-68 3 GC60087-7-9-6-11-46 
C: GC60087-7-9-6-12 8 D (( 60087''-7-96-1!-,' L GC60031-2-7-6.6 F: AGS129 G. AGS154 IH SRE-B-15
0-F3K.25-i -BK-2t-1Kt-BK.13K I AGS B SRE-Z-!lA)J AGS183(SR[--Z-13 K: Shih-Shih(G 38) L. 750850-10 
(locil check) "Mean of three wplication 

Conclusion 

GC60082-8-14-6-7-68 had a very good level of tolerance to rust and performed as well 
as the highest yielding check in Thailand. This line was also one of the best yielding and 
most tolerant lines when tested in_AVRI)C and I-Italien and has already been selected for 
AVRDC's ad,'. nced yield trial. Two lines, GC60087-7-9-6- 11-46 and GC60087-7-9-6-12-8 will 
be re-evaluated to d,.tcrmine their potential level for tolerance to rust. 

Rust Tolerance Trial in Hualien DAIS, Spring 1984 

Introduction 

A rust tolerance trial was conducted at Hlualien DAIS to evaluate and select soybean
lines with improved rust tolerance, high yield, and early maturity under severe rust stress. 
lines niore tolerant (as determined by yield loss percentage) and higher yielding than the checks 
arc advanced to the next IRTT. This trial was conducted in cooperation with the Hualien 
DAIS under the directiotl of 'NIr. Chen Chc-ming. 

Materials and Methods 

Eight tolerant lines in the 1983 IRTT (fall) were selected and planted in a 2.5 x 2.5 in 
plots. Plant density was equivalent to 400,000 plants/ha. The check cultivars were AGS129 
(high-yieldirig), G38 (moderately tolerant), AGS181 (highly tolerant), and lnalieln #1 (local
check). A split-plot design with three replicates was used. Main plots were lungicide-protccted 
and nonprotecclel treatments, and subplots were he advanced line,: and checks. 

The experiment was plantell on March 2, 1984. The fungicide lDithane N11-45 was sprayed 
every two weeks starting April 2. Local cultural practices were followed. Data collected were 
yield, 100-seed weight, days to maturity, yield loss expressed as percentage of fungicide
protected yield. 
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Results 

Five of tile eight tested lines yielded equal to or higher than the highest yielding check
in both the fungicide and nonfungicidc treatments (Table 11). Yield losses of these ive lines 
were lower than that of G38. (;C60082-8-14-6-7-68 and GC60087-7-9-6-12-8 also showed a 
yield loss slightly less than AGIS81. The yield ol GC60082-8-14-6-7-68 was significantly higher
than AGSI81 in the unprotected treatment. GC66087-7-9-6-11-46, GC60087-7-9-6-12-52, and 
SRE-B-15-0-0-0-3-BK-le-l3Kt-I-IIK showed yield losses less than that of' G38 but more than
that of' AGS181. However, the yields of these three lines were similar to AGS181 in the 
unprotected plots.

SRE-13-15-0-3-2-1-lt,,-2e-IBK-8-13K showed the lowest yield loss, and therefore, the 
highiest tolerance to ru,,t, Although, its yield in tile untreated plots was similar to that of 
AGS181, its yield with tuneicide protection was low. 

Among the more tolerant lines, yield loss was principally dac to loss in 100-seed weight
(Table I1). Hlowever, in three intolerant lines, a considerable : nount of yield loss was due 
to a red net ion i'n seed inumber, probally resulting from either a reduction of nodes per plant, 
pods per node, seeds per pod, or a coMbination of all these factors. Regardless of fungicidetreatment, days to maturily of all of tlie entries were similar to or less than those of the local 
check cultivar, Ilualien #1. 

Conclusion 

Five lines, (i('60082-8-14-6-7-68, GC60087-7-9-6- 11-46, GC60087-7-9-6-12-8, GC60087
7-9-6-12-52, and SRI[i--13- 5-0-0-0-3-1IK-Ic-BlKt-1-13K, wcre identified as having very good levels 
of tolerance and high yield. The (C lines have been promoted to AVRDC's advanced yield
trials. All five lines will be further lested in other localions, especially Thailand, where rust
is a serious problem. SRI-B-15-0-3-2-1-1BK-2e-lKt-8-13K will be re-evaluated to determine its 
potential for use as a highly rusl-tolerant parent. 

Table 11. Yield, yield loss percentage, 100-see weight and weight loss,

and days to maturity of breeding lines and commercial cultivars grown under fungicide
 

and nonfungicide treatments in spring 1984, Hualien DAIS.'
 
Yield (kg/ha) 100-Seed WI (g) Days to Maturity

EntryY tungicide- Yield Loss Weight Losstreated untreated i fu ngicide- untreated fungicidetreated ueatreated e treated untreated 
A 2077.8 1100.0 4706 21.63 12.67 41.42 113 97 
B 2222.2 955 6 57.00 2760 16.93 38.66 118 97
 
C 2088.9 1066.7 418.93 25.63 16.10 37.18 118 97 
D 2144.4 10222 52.23 25.50 
 16.30 36.08 118 97
 
E 2,'22.2 444.2 80.01 18.07 9.30 48.53 113 97 
F Nd66.7 900.0 54.24 21.60 11.93 44.77 110 103 
G 1605.6 966.7 39.79 21 37 17.70 27.37 104 103 
H 1655.6 788.9 52.35 11.8721.37 44.45 118 104 
1 1866.7 244.4 86.91 9.2018.57 50.46 120 104 
J 1933.3 992.2 46.68 19.20 12.47 35.05 107 106 
K 1966.7 ,388.9 64.97 19.73 11.00 44.25 107 106 
L 1700.0 322.2 23.8381.05 12.87 45.99 116 104
 

LSD 5% 
within column 104 05 2.98 1.57
 
between columns 145 05 385 
 1.85 
CV 15 359 10.223 0.899
 

'Dal, pI;ini.d 
 "Mrch ', O-l (Jal 1,A ';piyed Aptl ., 198.1, lhtn al two-week intervals, and two weeks
 
betore 've,;t 14 6 / 68 13.GC60187 I-9 6-11-16 C
cA O)18"2, GC60087.7-9.6.12-8 D GC60087-

L u).- 3RF796 1- 2 (iCO~l i F [-615H.0031K-BKI- BK G SRE-15.0- RK2e-KI-8.K3K 
It SUE P)-.O0.).r0913Kle KII-4-1: I AGSI,29 J ACS11 (S1RE Z 1 1A) K (i38 (Shi hShnh) L. Hualien #1l 
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Efficacy of Two Phakopsora pachyrhizi Biocontrol 
Agents under Field Conditions 

Introrhiction 

Two fungi, a Gliomastix sp. and a Trichothectum sp. found growing on soybean rustlesiors at AVRDC, have been isolated and subsequently observed for hyperparasitism.Previous observations showed that both fungi reduced the reproductive capacity of the rustfungus, which should lead to a reduction in the rate of disease development resulting inreductions in yield loss. This indicated that both fungi were potential biocontrol agents. Thepurpose of this study was to determine if' these agents could reduce the rate of rust development
in the field. 

Materials and Methods 

The experiment was conducted in spring 1984. A randomized complete block design withfour replications wa used. Plot size was 4 x 6 m. Soybean cultivar Shih-Shih (G38) was grownat a density equivalcnt to 200,000 plants/ha. Treatments applied in the experiment were asfollows: (1) inoculation of Gliomastix sp., (2) inoculation of Trichwhecium sp., (3) sprayingof protective fungicide Dithane M-45 at 1:400 dilution, and (4) check.Plants of all plots were inoculated five times with a Phakopsorapachvrhizi uredosporesuspension from April 3 to 2.4 before the application of any treatment. Fhe treatments werefirst applied at the R5.3 growth stage (May 2, 1984) when the plants appeared to have about1% rust on the leallets, and then the treatments were continued once every two weeks.Data were recorded at weekly intervals to evaluate rust development, including growthstage, defoliation, and percentage of rust severity. Yield per plot and 100-seed weight datawere collected at harvest. Yield data were converted to yield per hectare at 13% moisture 
content before evaluation. 

Results 

Rust development in this experiment was very late. The 1% level of severity was attainedonly on May 1 (56 DAP, R5.5 growth stage) even after repeated artificial inoculations. Thelate development of the epidemic and the artificial inoculations resulted in a high rate of rust 
development.

Rust development in the plots inoculated with the biocontrol fungi was similar to thatof the nonprotected check treatment. The rate of rust development in the plots inoculated
with the biocontrol agents Gliomastrix sp. and Trichothecium sp. were 0.255 
 and 0.254,respectively, compared with 0.227 of the unprotected check and 0.096 of the fungicideprotected check (Table 12). This means that epidemic development, from 1% developmentto complete defoliation, was accomplished in less than 27 days in the unprotected treatments.Even though rust developed late in the growing season, yield losses were substantial.Yield losses, based on the fungicide-protected check, were 42 0/ and 41 % in the plots protectedby the two biocontrol fungi (Gliomasire.v sp. and Trichothecium sp., respectively) andin the unprotected plots (Table 13). The rate of' rust development in 
39% 

these plots was highlyand negatively correlated with yield (r= -0.994**). Yields in the unprotected treatments andthose inoculated with the biocontrol agents were not significantly different but weresignificantly lower than those in the fungicide-protected plots. 

Conclusion 

Dithane M-45 is a protective fungicide widely recommended to control soybean rust.Its efficacy is clearly shown by the greatly reduced rate of rust development tinder heavyinoculum pressure froni five artificial inoculations, as well as from natural inoculum. 
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The efficacy of the two biocontrol organisms was not confirmed in this field study.The rapid rate of rust development and high inoculun pressure is the most probable reasonsfor the failure of the biocontrol agents to cause a reduction in the rate of rust development.Previous studies have shown that these fungi need either necrotic soybean tissue or mature
(open) 	 ured.a of P. pachyrhizi for their growth and development.

Also, tLe reproductive capacity of P. pachyrhizi uredia continued for approximately twoweeks after iroculation with spores of the biocontrol agents. The pripcipal effect of theseagents is to iorten the reproductive duration of the rust uredia by 60 to 80%. Consequently,the biocontrol agents would not be effective in situations with high inoculum pressure and
rapid rust development. Further studies are in progress. 

Table 	 12. Rates of rust development on soybean plants inoculated 
with biocontrol organisms or protected with fungicide. 

Treatmen: Rate of Rust Intercept of r-Value 
DevelopmentZ Linear Regression


inoculated with Gliomastix sp. 
 0.255 -20.84 0.984Inoculated with Trichotheciunt sp. 0.254 -20.89 0.982Protected with Dithane M-45 0.096 -10.12 0.835Unprotected Check 0.227 - 18.91 0.986'Regression coelficient of the correlation Detween logit of disease severity and relative lifetime 
(RLT DAP x 100/days to R8). 

Table 13. The effect of potential biocontrol organisms and
Dithane M-45 on the yield and yield loss percentage 

of soybeans affected by soybean rust. 
Treatment Yield' (kg/ha) Yield Loss(/)

Inoculated with Gliornastix sp. 1594.6 41
Inoculated with Trichothecium sp. 1572.5 42
Protected with Dithane M-45 2724.4 0
Check 1662.9 39 

LSD .05 203.8
 
'At 13% moisture content.
 

The Effect of Different Fungicide Spray Schedules on 

Two Soybean Cultivat's with Rust Tolerance 

Introduction 

Yield losses as high as 90% from soybean ust, caused by Phakopsorapachyrhizi H.
and P. Syd. have been recorded, and losses from 20 to 60% 
 are not uncommon. The idealmethod for controlling this disease is to grow cultivars with high levels of rust resistance or
tolerance; however, these cultivars are 
not yet available. Therefore, fungicides are necessaryto obtain high yields in areas where rust is a serious problem. This experiment was designedto evaluate the effect of fungicide schedules on the yield loss of cultivars with different levels 
of tolerance to rust. 

Materials and Methods 

The experiment was conducted using a split-plot design with four replications in thespring 	season. The main plots were five different spray initiation dates: three weeks (F3),five weeks (F5), seven weeks (F7), nine weeks (F9), and eleven weeks after planting (Fl 1).This last date was also the unsprayed check treatment (Ck) because spray initiation nearly 
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coincided with maturity, and the fungicide was not applied. The fungicide was Dithane M-45 
at a 1:400 dilution and applied at two-week intervals after initiation. The number of fungicide 
applications in the main plots and subplots is shown in Table 14. 

The subplots were three soybean cultivars, AGS I81 (SRE-Z- II A), (138 (Shiu-shii), and 
G2041 (TK#5). AGS181 is rated as highly tolerant to rust, G38 as moderately tolerant and 
the most tolerant commercial CUIi var yet identified, and G2041I as highly iitolera,. 
Unftort unately, G2041 had to be dropped from the experiment because of severe lodging. 

Subplot size was 4x 6 m with a plant density equivalent to 40(),000 plants,ha. All plants 
were inoculated three times with a rust uredospore suspension betweci the V2 and V4 growth 
stages. Yield data were converted to 13% moisture content before evaluation. 

Results 

Rust development did not occur until late in the growing season after the Iirst rain. 
Differences in rust severity and deftoliation betwc-n treatments were first observed at 59 DAP, 
R5.8 ('338), and R6.0 (AGS181) growth stage. However, maximul yield losses based on) the 
F5 yield was 31 "'o and 480/0 for AGS181 and (38, respectively ([able 14). 

Table 11. Yields of rust-infected soybean cultivars protected with Diitane M-45 
and the profit or loss associated with fungicide application. 

Cultivar
Fungicide . .. ------... 

- --G38Spray ,"-, 
Scheaule yield (t/ha) fungicide loss' fungicide lossapplication (US$/ha) (lh applicaion (US$/ha) 

F3 2.61 5 125 2.85 5 131 
F5 2.74 4 3.00 1 
F7 2.49 3 120 2.24 3 432 
Fq 2.06 1 308 1.72 2 722 
Ck 1.89 0 377 1.56 0 742 

:Loss -US$0f 6.?51kg x (y.old F5 -yield -,,' -- (cost differenial of spray ipphcalion) US';0 6:25 is the 
Currnft gov'erfllr)tr l sUpport pice for soybeans The wa1tirtnw e( fhiqclde ipphcaion o, is<USVi,39 38/ha, 
calcula,.ted as fungicide co'.t (US!,;3 /."5/kq x 2.5 kg/ha) i- latioor ;t tUIS*,:1O (///r/rnrnday 1.5 rnan-days/ha) 
Cornvesu;on of LJS$ NI 1 4ito l:, 

Yield of both cutivars in the IFS spray schedule was the highest of any treatment and 
slightly highei even than that of the 1:3 schedule (Table 14). This phenomena, where a low 
level of disease stimulates a yield increase, is a co1mmon occurrence in many diseases. The 
F5 treatment yield is used as the naximun In gicide-protected yield. 

In tile FS treal nent , G3,+outvielded AGS 181 I1 260 kg/ha; however, AGS 181 Outyielded 
(38 by 250 kg/ha in the 1:7 treatlient. The difference bet ween these two treatments was One 
fungicide application (Table 1-1). This example clearly showed tile advantage of using a Itore 
tolerant cultivar when full I'ngicine protection can not be attained. 

The earlier iniliation of the ft'ingicide spray schedule between the check and F5 treatments 
-was highly correlated vilh inCre'asd yi elds (r2 91P'6 and 880!o for AGSI81 and G38). lor each 

two weeks earlier lat the spray schedule was initiated, including 5 WAP, an estimated yield 
increase of 299 nd 485 k/ha was expectcd for AG(SI81 and (138, respectively. 

Losses associated withifungicide usage ranged f'rom US$120 to JS$742 depending on 
the spray schedule and cultivar (Table 14). I osses due to a nonoptinial fungicide spray schedule 
were greatest in the less tolerant cuthivar, (138, principally because of its higher rate ol yield 
loss. Thereftore, in an etivironietit where rust is a scricus problem, the risk is greater when 
growing G38 in fingicide spray schedules that calnnot be optimized, either because of financial 
or management reasons. 
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Conclusion 

The early application of fungicides to protect soybean in a severe rust epidemic is highly
profitable. The use of iore rust-tolerant soybean cultivars lowers the risk associated with 
tie decision to initiate a fungicidc spray schedule. The development of econornical fungicide
application schedules and concentrations need to consider both the expected rust severity and 
tile level of cultivar resistance or tolerance. 

Screening for Bacterial Pustule Resistance 

Introduction 

Bacterial pi.suleccaused by AVantholnonc" campesl/ris pv. phaseoli (Smith) Dye, can cause 
serious yield losses and is certainly one of the most inportant diseases when soybeans are 
planted durini tile warill, humid, raiiv season in SoutheasI Asia. The main effect of the disease
is to cause a reduction ill photosyntletic capacity and premature defoliation, ro-sulting ill fewer,
sinaller ,eeds. I)i ffercllces ill varietz:' reaction to the disease were first reported in 1928. CNS, 
ilsed as tihe source of hactcrial pu, t'le resistance in allllost all cultivars grown in southern 
LISA, ,,ias identil'ic d iin 19-13. The (CNS level of resistance is descr'ibed as near immunity and 
is coulferred by a singe recessis e ecire. I lowever, trials at AXR!DC and field observations in 
Soitlhcialt Asil have indicated that tlhe lecel of' resistance in (iNS at best is clrly moderately 
iesisl;iill 

Ii lirflIr ie cr 'enirii trials iii 1976, AVRIC identified three accessions, G8190 
(l11371611), ( i841V9 (1)1189402), arid G8823 (111374157), is having levels ot1 resistance higher
tlanr (NS. Ibis year's trial scireCClCd aild evaluated gerinplasnil accessions th1Oulght to have 
bacterial pusiil resistance anid also scr,'eled a1id evahiaLed irostl of the AGS lites. 

Materials and Methods 

One hundW red anird sevell.v-tWo A(S lines, aid 63 iccessions were planted ill I x I in plots 
at a plant deilitv CeqLiivaleiit to 200,00() plants/Ira with three replications. The check cultivars 
were (1,8190 (lnihy resistant), ('NS (mroderately resistant), and G38 (highly susceptible). THe 
experieirt v;.ris planted on lite 22, 1984 and artil'icially inoculated oil Jiuly 19, 1984. 

The iiotcullirir was prepared by hioiogenizing seriously iln'ected soybean leaves in a 
bleirder aid then iltel ire ilc hrlllrolterae through two layers of ji.Vlon net to obtain a bacterial 
suspensiol. lirh ,uspeirsiori was thein diltited in water and a sticker-spreader wis added. 
]lirocilaliori wasiccoilllpishcd hy forcibly Spra-iving tire dilute Suspension oir boll leaf surfaces 
wilh aill :itoni/er attached to ;a high pressure (25 kg/cmi) pump. 

l)isease r:ings were inade one notlr following inoculation aid again 10 days later after 
tile secoind anmd third iil'eclion cxcles. Resis tarice evaluation was based oil tle following rating
System: hie hly resistant (IIR) = disease se erit,' sinilkr to or less lhailthat of (38 i 90; moderately 
resistarim (,NI Ridisease severit., sunilar to thatofof62034 ((.NS); moderately susceptible
(NIS) = disease sevcrity disinctilv more han hat of" 2034; arid highly susceptible (iIS)= disease 
severity siiilar to I'r zreater than that of (38. G8190 and CNS were selected as the HR and 
NR clecks base on tile resrills of previous screenin g/evalhation trials for bacterial pustule 
resistanc, aid bsersat;iliOrs at AVRIC'. 

Results 

Thi rtv-rine cult ivars (21 AGS lilies and 18 gerlnplasn -.ccessions) were rated highly
resistant to bacterial pustule (Table 15). Thirteen of these AGS lines were the result of tile 
crossing program (GC litres), and tIne other eight AGS lines were accessions. All of' these 13 
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highly resistant AGS/GC lines resulted from two crosses, Shilh-shilh x SRF400 and SRF400 x PI 
297550 (Table 16). SRF400 is a narrow leaflet type as are all of its highly resistant progeny.
Apparently, SR F 400 is a source of pustule resistance; however, we have not yet screened 
and evaluated this culiar to determine its level of resistance to it. 

The pedi,'ees of 10 of the 18 accessions rated as highly resistant were identified (Table
17). In all 10 accessions the cultivar CNS was used as a parent and most probably as the 
source of pustule resistance. Ilowever, their level of resistance was higher than that of G2034, 
our accession listed as ('NS. 

Thirltv-1 iree culti ,ars, 13 A(;S lin.s, and 20 accession were rated as moderately resistant 
to bacterial pustule. Three of ilie 13 A(iS lines were accessions listed as AGS lines (Table 15).

All A(;S lines lfront 180 to 290, inclusive, were evaluated in this trial. However, only 
one A(GS line that resultcd from the crossing program (i.e., not an accession or from an 
accession) was rated as cither moderately or highly resistant. This line, AGS 264, was rated 
moderately resistant. 

Conclusion 

Rated as cither hilily resistant or moderately resistant were 14% of the 152 GC lines 
listed as AGS lines. Ilowevcr, only one AGS/GC line developed since AGSI80 is resistant 
to bacterial pustule. The aim to incorporate bacterial pustule resistance into our advanced 
fines needs to he emphasized. isventy'-six accessions and accessions listed as AGS lines were
rated highly resistaiit. These accessions, as well as the highiy resistant AGS lines, would be 
useful sources of bactcrial pustule resislance in our soybean improvement program. 

Table 15. Disease reaction of soybean accessions
 
and breeding lines to bacterial pustule, summer 1984, AVRDC.
 

Disease 
Reaction: No. of Entry Percentage AGS Lines Percentage No. of Accs. Percentage 

HR 39 16,6 21(13)y 12.2(8.6) 18 28.6 
MR 33 14.0 13(10) 7.6(5.0) 20 31.8 
MS 94 40.0 73(69) 42.4(45.4) 21 33.3 
HS 69 23.4 65(60) 37.8(39.5) 4 6.4
 

Total 235 172 
 63 
ZDise m,~ieictioi t tH di ,;i , !.,oV(1i iy ; rmhlr to or tes; thar QH 190. MR -- di.;ease severity similar to 
G203,t (t,,) M!- o;: :,Ovul y dt!Ionctly qroter than G2034, HS = disease severity similar to or 

' ,greater Irmo (, YfJtrnfTr, p rntho,, ire for GC lirne; within AGS lines. 

Table 16. AGS lines highly resistant to bacterial pustule, summer 1984. 

Glycine Cross (GC) Lines Others 
AGS no. parentage AGS no. accession no./name 

9 Shih-Shih x SRF 400 190 Vesoy #4 
19 Shih-Shih x SRF 400 191 BPI #4 
62 SRF 400x PI 297550 268 G10446 (Siatsa 194)

128 S2F 400 x PI 297550 269 G10467 (PK7386)
129 Shih-Shih x SRF 400 270 G10468 (PK7394)
138 SRF 400 > PI 297550 272 G10470 (Foster)
139 SRF 400xPt 297550 273 G10471 (CEP 7177)
141 SRF 400 x PI 297550 275 G10452 (Duo Crop)
142 SRF 400 x PI 2975509 
147 Shih-Shih x SRF 400 
149 SRF 400x PI 297550 
152 SRF 400 x PI 297550 
153 SRF 400 x PI 297550 
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This test confirms the results of previous tests and observations. In Taiwan, the soybean
cultivar CNS (G2034) is not nearly immune to bacterial pustule as has previously been reported
in the USA. This would indicate that: 1) a new race of the pathogen exists; 2) G2034 is not
CNS; or 3) our environment is more conducive to bacterial pustule development. This
phenomenon will be further investigated. The resistance evaluations will be confirmed next 
year. 

Table 17. Soybean accessions highly resistant to bacterial pustule, 
summer 1984, AVRDC. 

Acc. No.z Cultivar Name Pedigree
 
G2025 
 Hutton 	 F55-822//Roanoke/CNS-4
G2035 Bragg 	 Volstate/Palmettol/S- 100/CNS
G2296 Bossier S-100xCNS
 
G4493 P1171445
 
G5087 Cobb 	 Roanoke//Ogdei/CNS/IPelican/Volstate/ 

Palmetto/S-100/CNS
G5090 Tracy 	 D, ield/Haberlandt//Sib of Lee/PI 171442/// 

F.C. 31745//S-100/CNS
G5288 Custer [((PekingIIIS.1001CNS//LincolnlRichfand) x 

(Peking///S-lO0/CNS//Lincoln/Richland)) x 
S- l0/CNS//Lincoln/Richland///Blackhawk] x 
(Pekinoll/S-1 O0/CNS//Lincoln/Richland)

G5425 Scott S-100/CNS//Mandarin/Manchu//Richlarid
.G7965 Hill Dunfield/Haberlandt//S-100/CNS
G8190 PI 371611
 
G8339 PI 219656
 
G8451 P1 165676
 
G8467 PI 171446
 
G8499 Pt 189402 _

G8598 	 Bragg Volstate/PalmettollS.i OO/CNS

G8651 La Green Unknown
 
G8657 Otootan From Taiwan via Hawaii
 
G8672 
 Hutton F55-822//RoanokelCNS-4
 

'The resistance of these accessions is better than CNS (G2034).
 

The Relationship among Seed Weight, Seed-Borne Diseases, and 
Germination of Soybean AGS Lines Harvested, Summer 1984 

Introduction 

The failure to produce soybean seeds with high germinability during the rainy season
has been one of the factors limiting soybean production in southeast Asian countries. Manyfactors are known to be associated with germination of soybeans, such as: harvesting, drying
and threshing processes, storage conditions, environmental factors, seed size, and seed-borne
pathogens. This investigation was conducted to evaluate the variation in and interrelationship
of 100-seed weight, frequency of diseased seeds, and germination among AGS lines harvested 
during the rainy season. 

Materials and Methods 

To determine the frequency of diseased seeds, mature soybean seeds from 178 AGS lines were harvested- June and July from a spring-planted (March 8, 1984) disease nursery. After
threshing, 100 seeds in each of two replications of each line were collected at random and 
assessed visually for disease symptoms on the seed coat. 
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To determine seed germination percentage, another 100 seeds in each of two replications
of each line from the same experimcnt were randomly collected. Then, 10 seeds of each line 
were planted in six-inch (diameter) clay pots with nonsterilized soil (soil, compost, sand, rice 
hull at a ratio of 5:3:1:1) and put outside the greenhouse. The experiment was repeated three 
times, with the first experiment planted on August 16 (30 seeds) and the others on August
30 (30 seeds) and September 12 (40 seeds). Percentage germination was evaluated after the 
first trifoliate leaf appeared. 

Results 

As the seeds were collected during the rainy season, a number of disease symptoms were 
observed on the seed coat. The most frequently observed symptoms were caused by
Collectotrichum sp., Phomtopsis sp., Cercospora kikuchii, and soybean mosaic virus. 

Among the 178 AGS lines tested, the frequency ef visually assessed disease-free seeds 
ranged from 19 to 980/o (Table 18), the germination ranged from 5 to 81% (Table 19), and 
the 100-seed weight from 5.8 to 27.4 g (Table 20). However, only eight lines had 100-seed 
weights equal to or greater than 20 g. 

The best 20 AGS lines with respect to gerninability were also relatively free of seed-borne 
diseases, with less than 21% infected seeds. They were small-seeded (less than 11.4 g/1l00 seed), 
except for AGS193 (Table 21). The pedigrees of these lines (Table 22) indicate that 10 of 
the lines resulted from the same cross, CH#2 x KS528. Apparently, these AGS lines and their 
two parents are promising sources for improving germinablity and resistance to seed-borne 
diseases. However, additional studies will be necessary. 

An evaluation of all 178 AGS lines showed a highly significant correlation between 
100-seed weight and germination (r= - 0.5628) and between the percentage of disease-free 
seeds and germination (r =0.5328). However, the two correlations only account for 32% and 
28% of the variation, respectively. The correlation between 100-seed weight and percentage
of disease-free seed.) was significant (r= -- 0.1905); however, the relationship between these 
two factors was very low (r2 =0.04).

Some of tihe unaccounted variations in the correlation between percentage of disease-free 
se 2ds and germination may be due to the fact that some of the seeds without symptoms were 
actually infected wiih pathogens, and that some of the pathogens that produced seed-coat 
syniptomns did not affect the germination of' the seed. 

Conclusion 

Low correlation between 100-seed weight and percentage of disease-free seeds indicated 
that cultivars with high levels of resistance to seed-borne diseases have better seed germinability 
regardless of seed size. 

Table 18. Frequency of disease-free seeds of 178 AGS lines harvested 
during the rainy season, summer 1984, AVRDC.z 

Disease-Free Seed (q')' No. of AGS Lines Percentage of Total 
90 12 6.7 

80-90 53 29.8 
70-80 60 33.7 
60-70 34 19.1 
50-60 10 5.6 
40-50 4 2.3 
30-40 3 1.7 
20-30 1 0.6 
10-20 1 0.6 
Total 178 

zEvaluated were 100 seeds of each of two replications in each line. 
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Table 19. Percentage germination of 178 AGS lines.z 

GerminationY (/) 	 No. of Lines Percentage of Total 
-80 1 0.6
 

70-80 7 3.9
 
60-70 14 
 7.9
 
50-60 36 
 20.2 
40-50 45 25.3
 
30-40 47 
 26.4
 
20-30 15 8.4
 
10-20 	 10 5.6
 

10 
 5 	 2.8 
Total 178
 

zBased on 100 seeds/line. YGermination percentage was determined after the
 
first trifolhate leaf appeared 

Table 20. Percentage of 100-seed weight of 178 AGS lines. 

Range of 100-Seed Wt No. of Lines Percentage of Total 

(g) _ __________________ 

. 26' 1 0.6
 
24-26 1 0.6
 
22-24 2 1.1
 
20-22 2 
 1.1
 
18-20 3 
 1.7
 
16-18 9 
 5.1 
14-16 23 12.9
 
12-14 
 48 	 27.0 
10-12 50 	 2R.1 

tOy 
39 21.9
 

Total 178
 
zThe highest 100-seed weight was AGS187 (27.4 g). YThe lowest 100-seed weight
 
was AGS171 (58 g).
 

Table 21. The relationship between seed weight, seedborne diseases, 
and germination of soybean AGS lines from the 1984 rainy season harvest! 

AGS# 100-Seed Wt Gp,nination (qSo)eesree 
Seeds (%) 

92 8.2 80.57 82.00
 
91 8 7 78.33 88.50
 
88 	 9.2 76.93 92.50 
53 	 9.8 73.60 86.00 
18 	 9.8 72.77 88.50 
90 	 8.8 72.77 89.50 
93 	 9.3 70.87 89.50 
99 9.9 70.53 91.50
 
55 11.4 68.63 80.50
 
59 	 9.4 68.00 90.50 
89 	 8.8 68.60 93.00 
95 8.3 67.50 85.00
 

217 11.1 66 97 86.50
 
38 9.8 66.67 85.50
 

157 10.5 66.10 85.00
 
94 9.2 65.53 91.00
 

231 10.5 65.27 84.00
 
54 	 8.5 64.70 91.50 
30 	 8.5 63.87 79.50 

193 16.8 63.60 88.00
 
'Tile data wem the rean of two replications.
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Table 22. The pedigrees of 20 AGS lines with the highest germinability. 
AGS # Pedigree AGS # Pedigree
92 CH #2xKS528 89 CH #2 x KS528
91 CH #2xKS528 95 CH #2 x KS528
88 CH #2 x KS528 217 Clark 63 x P1248407
53 Wayne x P196983-Ped 38 Wayne x P196983-Ped
18 PI189876xCH #2 157 Eassex x 64-64
90 KS460 x Yagi 1 94 CH #2 x KS528
93 Ch #2x KS528 231 Tokachinagata x AGS2
99 CH #2x KS528 54 CH #2x KS528
55 KS482 x Lee 30 Clark 63 %Palmetto
59 CH #2x KS528 193 KS739 x Akiyoshi 

Effect of Benomyl Spray Schedules on Seed Quality of 

Soybeans Grown during Spring and Summer 1984 

Introduction 

Seed-borne fungi can reduce seed quality and serve as a source of primary inoculumfor these pathogens, increasing disease incidence and pathogens in the subsequent crop.
Therefore, the benefits of controlling seed-borne pathogens go beyond increasing yield, the 
parameter most frequently used to justify seed treatments and fungicide sprays.


Efforts are necessary to study the effect of fungicide treatment before harvest on 
the
amount of seed infection and germinability. This experiment was conducted to evaluate the
best spray schedule for applying benomyl to control seed-borne diseases prior to harvest. 

Materials and Methods 

The experiment consisted of a nonfungicide treatment and three fungicide spray
treatments, with each spray schedule starting at a different growth stage and then continuingthrough to harvest. The spray schedules started at the RI, R3, and R5 growth stages. The
fungicide used was benomyl (benlate) at a diluti('ii of 1:1,000 applied at two-week intervals.
Four sprays per tl atment were used starting frcm RI, 'three from R3, and two from R5.

The soybean cultivar Taita Kaohsiung No. 5 (TK#5) was planted in 3 x 6 m plots in 
a randomized complete block design with three replications and at a plant density equivalent
to 400,000 and 200,000 plants/ha in the spring and summer plantings, respectively. The spring
experiment was planted on March 13 and the summer, on June 14. The spring planting was
harvested after the beginning of the rainy season. The summer planting was grown during
the rainy season and harvested after the end of the rainy season. Dita collected were on yield,100-seed weight, and seed quality which included the percentage of disease-free seeds, diseased 
seeds, and small seeds. 

After the evaluation of seed quality, fifty seeds for the germination test were randomly
selected from each treatment and replication and planted in black plastic flats containing
sterilized potting soil (composed of soil, compost, rice hull, and sand at a 5:3:1:1 ratio). 

Results 

In both plantings, tlie benomyl fungicide sprays increased yield, days to maturity,
100-seed weight, percentage of disease-frce seeds, and seed germination, and decreased the 
percentage of diseased seeds. However, yield, 100-seed weight, seed germination, andpercentage of disease-free seeds were much lower and the percentage of diseased seed higher
in the spring planting (Table 23) than in the summer planting (Table 24). The percentage of 
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disease-free seeds in the most frequently sprayed treatment (initiated at RI) in the spring
planting was greater than that in the untreated plots in the summer planting. 

Low grain yield in tile spring planting was partially due to a severe soybean rust epidemic
which was not adequately controlled by the benomyl spray. Yield and seed luality were highest
in the most frequently sprayed treatment during the spring season. In the summer season, 
the least frequently sprayed treatment (initiated at R5) was as good as the other treatments. 

Conclusion 

Benomyl improved seed quality and yield in both seasons, alough the improvement
in the spring seasoo was inadequate. Rainfall late in the soybean-growing season is apparently 
more conducive 1o seed infection than is rainfall during the early and middle portions of the 
growing season. Also, the presence of other diseases, such as rust, may predispose the plant 
to infection by seed-borne pathogens. Further studies will be undertaken to determine the 
factors involved in the high frequency of seed-borne dis.ases in tile spring planting. 

Table 23. The effect of different fungicide spray schedules on soybean seed quality 
and yield during the spring season.' 

Spray Days to Yield 100-Seed --Seed Quality -(1,). GerminationInitiation Maturity (kg/ha) Wt, (g) disease- diseased small (%)free seeds seeds 

Ri 100.0 1132.21 10.45 62 0 18.0 20.0 57.33 
R3 97.0 683.69 9.31 60 0 26.7 13.3 52.67 
R5 97.0 513.88 8.31 48 3 26.0 25,3 42.0 

Control 94.3 476.91 7.84 42.3 30.3 27.3 34.0 
LSD 5"/o 2.31 443.43 1.85 

10/0 3.50 671.76 2.81 
CV 1.19 31.63 10.33 

'Planted: March 13, 198.1. vrioty TK #5 furngicide ,pray [3enlale .)0 w p 1CO X dilution, at two-week 
intervals; plot size 3 xG in YAI 1!"31 witer content 

Table 24. The effect of different iingicide spray schedules on soybean seed quality 
and yield during the summer season.' 

Treatment Seed Quality (%) 
Days to Yield 100-Seed Germination 

Initiation Maturity (kg/ha) WtY (g) disease- diseased smallInitiatio (%)free seeds seeds 
Ri 101 2150.53 12.72 95.9 0 4.1 93.., 
R3 100 1989.42 12.03 95.4 0 4.6 90 
R5 99 1917.09 11.97 96.8 0 3.2 89.3 

Control 91 1240.06 9.36 86.7 1.1 12.5 76.7 
zPlanted: June 14, 1984; variety: TK#5: ftngicide spray: [3erlale . wp , 1000X dilution, at two-week 
intervals: design: randomized complete block: plot size :,x16 i '/At 13% water content. 

Effect of Seed Treatment on Germination of Soybean 

Introduction 

Soybean is attacked by a wide range of diseases, many of them seed-borne. Microor
ganisms that invade and colonize soybean seeds before harvest can reduce yield, seed quality,
and plant stand, as well as serve as inoculumI source for the subsequent crop grown from 
these seeds. Seed infection is also a means of survival for these pathogens. Some seed-borne 
pathogens frequently produce distinctive sylltptoml:S on inffected seeds and therefore, can be 
removed from the seed lot. However, many infected seeds show to visible symptoms. 
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Seed 	 treatment is probably the cheapest and often the safest chemical control method 
for seed-borne diseases and for improving germination of poor quality seeds in the field. This 
experiment on screening fungicides for use as a seed treatment is a preliminary study conducted 
during the sumrier season. 

Materials and Methods 

The experiment consisted of six fungicide treatments and one control: (1) Difolatan 80% 
w.p. at 0.250 (w/w); (2) Captan 50% w.p. at 0.5% (w/w); (3) Benlate 50% w.p. at 0.2% 
(w/w); (4) Arasan 65% 	 w.p. at 0.2% (w/w); (5) PCNB 75%/0 w.p. at 0.12507o (w/w); and 
(6) 	 PCNB 75% w.p. at 0.12506 and Captan 50% w.p. at 0.5% (w/w).


Three soybean cultivars, TK#5, AGSI29, and AGSI81 
 were used in this experiment;
and the seeds were collected from different experiments harvested in spring 1984. Three 
germination environments were used: greenhouse (240 to 35'C), growth room (18 ± 2°C), and 
outside (23' to 33°C).

Seeds of each cu!tivar were coated with one of six fungicides at the ratios described 
above. All were coated in a similar manner. Then, five seeds were planted into each of four 
pots, each pot being on(. repltcationfor each treatment on June 26, 1984. Clay pots, 17.5 
cm in diameter, with 3.65 kg of' nonsterilized soil (composed of' soil, compost, sand, and rice 
hull in a 5:3:1:1 ratio) were used inside and outside the greenhouse. Clay pots, 12 5 cm 
diameter, with 1.20 kg of soil were used in the growth room. Germination was evaluated 
whe,, the first trif'oliate leaf appeared. 

Results 

Seed treated with Arasan, Difolatan, PCN3 + Captan, and Captan showed the highest
percentage germination under greenhouse conditions (Table 25). Captan, PCNB+Captan,
Arasan, and PCN13 gave [lie best results under cool temperatures in the growth room. These 

Table 25. Seed treatment effect on the germination 
of soybean seed under different conditions. 

Germination'(0/)
 
Environment, Varietyy Treatment w
 

A B C D 
 E F G 
Inside the TK#5 85.0 75.0 75.0 100.0 40.0 95.0 15.0 

greenhouse AGS129 95.0 100.0 10.0 100.0 25.0 90.0 30.0 
(24-35-C) AGS181 85.0 80.0 15.0 85.0 35.0 75.0 35.0 

Mean 88.3 85.0 33.3 95.0 32.3 86.7 26.7 

Growth room TK#5 80.0 90.0 60.0 90.0 90.0 90.0 85.0 
(18±20C) AGS129 100.0 95.0 95.0 100.0 100.0 100.0 100.0 

AGS181 55.0 95.0 80.0 75.0 70.0 80.0 65.0 
Mean 78.3 93.3 78.3 88.3 86.7 90.0 83.3 

Outside the TK#5 75.0 58.3 58.3 70.8 58.3 87.5 58.3
greenhouse AGS129 95.8 83.3 58.3 91.7 45.8 87.8 62.5 
(23-33-C) AGS181 70.8 70.8 58.3 70.8 54.2 66.7 58.3 

Mean 80.5 70.8 58.3 77 8 52.8 80.7 59.7 

Mean 	 in three conditions 82.4 83.0 56.7 87.0 57.5 85.7 56.6 
'Planted: June 26, 1984 -The seeds were collected froro ditterent experiments harvested in spring,
1984. 'Four replications were used ineach treatment. Five seeds were planted in a 17 5 cm diameter 
clay pot as a replicate Each pot contained 3 65 kg n_,nsterilhzed soil. Only 12.5 cn pots with 1.2 kg
soil were used in the growth room 0 ireatments A - 801, w.p. Ditolatan, B 50% w.p Captan:
C = 50% w p. Bentate, D- 65% w.p. Arasan E -75% PCNB. F=Caplan+PCN.B, G=Ck 
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temperatures were similar to the mean temperatures during the spring planting period (mid 
to late February). Seed treated with PCNB+Captan, Difolatan, Arasan, and Cantan 
satisfactorily improved germination in the ambient conditions outside. This was surprising 
considering that 97 mm of rain fell during the ten days of this experiment. 

Conclusion 

Three fungicidzs, Arasan, Captan, and PCNB +Captan, were effective as seed treatment 
under all three environmental conditions. The results will be confirmed in the future. 

Infection of Rice Seedlings by VAM Fungi 

Introduction 

In the past, infection of rice seedlings by the VAM fungi associated with tile rice-rice
soybean cropping system has been erratic and seasonally dependent. Infection of rice seedlings
by VAM fungi beneficial to soybean prior to transplanting could be a feasible method for 
altering the VAM fungal population in these fields for the benefit of the subsequent soybean 
crop. This technique could be most effective when soybeans are planted into the rice stubble 
because the soybean roots would be in close proximity to the rice roots. The purpose of this 
experiment was to determine the infectivity of VAM fungi on rice and identify the inoculation 
technique that allows the best results. 

Materials and Methods 

Two VAM species, two inoculation methods, and three phosphate levels were used in 
this experiment. The VA mycorrhizal species were Gloinus mosseae and G. etunicatus. The 
inculation methods were spores layered halfway between the surface of the growth medium 
and the bottom of the pot, and spores applied in multiple layers within the growth medium. 

Three levels of phosphate applied as CaH(PO4)2 were full phosphate (8g/5 kg soil, 
equivalent to the amount applied by rice seedling producers), half phosphate (4 g/5 kg of 
soil), and no phosphate. The growth medium was mixed soil and rough sand at a ratio of 
2:1 (w:w). After inoculation and sowing of the rice seed (cultivar Tainung No. 67), the pots 
were placed in the greenhouse. Rice roots were sampled, cleared, and satined every five days
and examined microscopically for infection by the VAM fungi. 

Results 

Only G. mosseae was mycorrhizal on rice seedlings. Infection was first observed at five 
days after planting; however, the percentage of mycorrhizal roots was very low until twenty 
days after planting (Table 261. G. etunicatus failed to produce any evidence of infection, 
internal hyphae, or arbuscula during the 25 days of the experiment. 

Infection rate decreased with decreasing levels of phosphate fertilization (Table 26). The 
inoculation method had little effect on infection rate; therefore, both methods are equally
good for mycorrhi.al infection. 

Conclusion 

G. mosseae was mycorrhizal on rice and G. etunicatus was not. This confirmed results 
from our previous experiments. High phosphate levels did not decrease the infection rate of 
rice seedlings by G. mosseae. Therefore, the cufrent rates of phosphate fertilization used by 
rice seedling producers should not affect the establishment of G. mosseae. 

http:mycorrhi.al
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Table 26. Infection rate of rice inoculated with G. mosseae 
in three fertilizer regimes in the greenhouse. 

Days after Planting
5 10 15 20 25 

Multilayer Inoculum 
Full phosphate

root length (mm) 36 326 528 618 971infection rate (%) 0 0 0 2.5 12.6 
Half phosphate

root length (mm) 22.4 273 396 453 880infection rate (0) 0 0 0 1.4 9.5 
No phosphate

root length (mm) 29 234 333 414 598infection rate (%) 0 0 0 0 2.9
Single-Layer Inoculum 

Full phosphate
 
root length (mm) 
 37 262 304 525 888infection rate (/) 0 0 0 1.9 18.6

Half phosphate

root length (mm) 
 37 333 361 537 735infection rate (0) 0 0 0 0 11.6

No phosphate
root length (mm) 22 293 343 505 400infection rate (%) 0 0 0 0 0.38 

Further Identification of Unknown 

Soybean Virus Isolates 
Introduction 

In previous surveys of soybean growing areas 	a POT-Y virus was isolated that couldnot be exactly identified. In ELISA it reacted positively with BCMV, AzMV, and BICMVantisera. Therefore further hosts, particularly those commonly used for the identificationBCMV (P. vulgaris cvs. Redlands Greenleaf C, Redlands Grednleaf B, Great Northern 123, 
of 

Sanilac, Monroe, Jubila, Improved Tendergreen, Amanda), and 13ICMV (P. vulgaris cvs. BlackTurtle I and Black Turtle 11, Vigna sinensis TUV 2480 and Blackeye) were tested. Additional
serological tests 	 were also conducted. 

Materials and Methods 

Four 	to eight plants were inoculated with a 1:3 homogenate of freshly infected leavesin 0.IM phosphate buffer pH 7.2. Symptoniless plants weie checked by ELISA.
Serology. The isolates PM, 
 13N, and 74 were tested in agar gel double diffusion testswith 	 five antisera: AzMV-AS, 13ICMV-AS, SMV-AS (ATCC), PN-AS, and M4-AS.Antigens were prepared by macerating I part of G. tnax TN4, infected with each virusisolate in one part FDS 	 buffer containing 1.5% )SDS,and were placed in peripheral wells.An undiluted antiserum was added to the central wells at 8.5 mm distance from the peripheralwells. Homologous antigens were used for SMV-AS, I1N-AS, and M4-AS only. BICMV andAzMV antigens were not available at the lime of' the lest due to quarantine regulations.Seed traiisiiissioii. A number of locally grown soybean cultivars were mechanicallyinoculated with the unknown isolates. Seeds were collected and, germinated, and infected
plants were recorded. 
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Results 

The following hosts could be systemicall,, infected with all three virus isolates (S-PN,S-PM, S-74): Cassia occidentalis, Cyarnopsis tetragonoloba,Dolichos labalab, G. max cvs.Bragg, Rampage, Davis, York, Marshall, Ogden, Buffalo, lwate-Wasekurome, Toyosuzu,
Tainung No. 3, Tainung No. 4, HL-l, AVRDC
Kaohsiung G-2, G10134, and G10466, Talientou,No. 9, Mou Dou 205, TAM (Malaysia), P. acutifolius P1200749, P. lathyroides,P. vulgaris cvs. Bountiful, Black Turtle 11, Vigna angularis cvs. Jen Sen, Odate No. 1,Shiroazuki, Vigna mungo Acc. 3115, Vigna unguiculata, Blackeyc, Blue Coose, EarlyRamshorn, Kaohsiung Green Pod; Vigna sesquipedulis cvs. Bogor 1, Tainung 3, White Pod,Green Pod, Dagupan Pangasinan Coil. 1.1, Dagupan Pangasinan Coll. 1.3., 20-2, andNicotiana benthamiana. On these hosts, mosaic often accompanied by systemic necrosisproduced. The reactions on the following P. vulgaris cvs. 

was 
(Bountiful, Xentucky Wonder WaxPole, Kentucky Wonder Wax Runner, Black Turtle Soup, Black Turtle 1, Black Turtle 2,Dubbele Witte, Widusa, aod Saxa) were local lesions and systemic necrosis followed by death 

of the plant.
Arachis hypogaea Tainung No. 4, P. vulgaris cvs. Sanilac, Monroe, Pinto Ill reactedwith local lesions only; and Chenopodium quinoa reacted with both local and systemic locallesions. Vein necrosis on the inoculated leaves was observed on P. vulfaris Sprite.The following hosts were not infected with any of the three isolates: G. max, Kwanggyo,Shih-shih, AVRIC G-5, AGS147, Gun Tsuru, P1360835, P. vulgariscvs. Great Northern 123,Immuna and Michelite 62, Pisum sativl'in cvs. Perfected Wales, and Dark-Skin Perfection,Teiragonia expansa, '>-ifoliunz pratense Kenland, Trifolium repens, Vigna radiata V2010,Oklahoma V. unguiculatu Local White Pod Yard-long Variety, Dagupan Pangasinan Coll.No. 3.1, 4.1, 4.2, 4.3; Cucudis melo Known You, Capsicum annuum, Yolo Wonder, Cucumissativus Chicago Pickling, Datura stramoniutm R. Fulton strain, L. esculentum Marglobe,Fukuja No. 2, N. glutinosa, N. tabacum Samsun, Xanthi, Ocimium basiliculn, Petuniahybrida

King Henry and Physalisfloridana. 
The reactions of' the other hosts are shown in Table 27.'[le results of' the serological tests are shown in Table 28. The three isolates reactedidentically, and a single precipitin line without spur was formed with BICMV-AS, AzMV-AS,and PN-AS. The strongest precipitin lines were formed with the homologous antiserum andwith AzMV-AS. A weak precipitin line was formed with BICMV. No reaction was obtainedwith the antiserum to SMV and the antiserum to M4, the unknown mungbean isolate.The results of seed transmission are shown in Table 29. Seed transmission in soybeanranged from 9 to 951/ for isolate PN and from 6 to 23% for isolate PM. In cowpea it ranged

from 6 to 43% for isolate PM. 

Conclusion 

Based on the results of' the host range and serological tests, it is assumed that theunknown soybean virus isolates are neither SMV BCMV.nor Serological tests indicate thatthese virus isolates are closely related to AzMV and BICMV. Additional tests by ISEM arepresently conducted to establish the exact identity. 

Screening of Selected AGS Lines, AGS Parents, and Soybean 
Accessions for Resistance to an Unknown Soybean Virus 

Introduction 

Several virus isolates have been recovered from soybean in Taiwan which could not yetbe exactly identified. I-lost range and serological tests suggest that these isolates may beblackeye cowpea mosaic virus (BIICMV), or a very closely suchrelated virus, as adzukibean 
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mosaic virus (AzMV). Surveys are presently undertaken to assess the distribution and 
prevalence of' this virus on soybean in Taiwan. Because of the wide host range, which includes 
almost all commercially grown legumi nous crops, and the seed-transmitted nature of this virus, 
it is considered a potentially serious pathogen that should be included in AVRl)C's soybean 
improvement program. As an initial step, AGiS lines were screened for resistance to the 
unknown virus, represented by isolates PN, PM, and 74. 

Materials and Methods 

Twelve AGS lines previously rated immune (AGS 9, 19, 103, 112, 115, 129, 147, 174, 
185, 209) or resistant (AGS 214, 216) to SNIV; and eight accessions ((;605, G629, G1385, 
G2042, G2043, (2424, 68252, C38) used as parents of immune A(;S lines were tested with 
the three unknown virus isolates, PM, 1'N, and 74. 

In addition, 15 s%,ybcan accessions previously reortCl to be resistant to SNV strain 
I (Aces. 38, 260, 270, 288, 311, 358, 394, 452, 453, 519, 1051, 1096, 1300, 1601, 2042), and 
42 AGS lines were tested (AGS I to 40, AGS 203, 218). 

Table 27. Host reactions of three unknown soybean virus isolates. 

S-PM S-PN S-74 
Arachls hypogaea 

Tainung 9 nLL/ - nLL/M nLL/ -
G. max 

HLS -I-. nLL/- nLL 
P1341242 N/NM N/N,death N/N,death 
P196983 N/NM N/N,death N/N,death 
P1324068 N/NM N/N,death N/N,death 

P. vulgaris 
Topcrop nLL/- nLL/N,death nLL/-
Red Greenleaf C cLL/- / -/-
Red Greenleaf B cLL/- / -I-
Jubila nLL/ - nLL/ - nLL/VN 
Imp. Tendergreen nLL/- nLL/VN,doath nLL/VN,death 
Amanda nLL-- -I- -/-

Vicia faba nLL/ - nLL/- -I-
Vigna angularis 

Shiroazuki 100 - / - VN/VC VN 
V. radiatap 

V2773 I/cLL,M -/- -/-
V1111 -/M -/- -I-

V. unguiculata 
Local Green Pod Yard Long -I- -/M I/M
 

Chenopodium amaranticolor cLL/cLL cLL/- cLL/ -

Medicago sativa
 

Du Puils -/- cLL/M -/--
Spinacea oleracea 

Bloomsdale Long Standing -/- cLL/cLL 

Table 28. Reactions of PM, PN, and 74 to five antisera 
in double diffusion tests.' 

As AzMV-AS BICMV-AS M4-AS PN-AS SMV-AS 

PM 4 + + -
PN 4 - + 4-
74 + ++-
SMV ± ---- + 

'Symbols: I Yeak reaction, 4- :slrong reaction 
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Table 29. Seed transmission of unknown soybean virus
 
isolates PN and PM in some local soybean
 

and cowpea cultivars.
 

Seed Transmissionz(oc)Cultivar 
PN PM 

G. max 

TN3 41 21 
TN4 37 23 
HL1 50 NT 
PALMETTO 9 6 
RYUHYO 95 NT 
RYOKKOH NT 23 
KAOHSIUNG NO. 9 41 NT 

V. sesquipedalis 
CP10 NT 6 
CP22 NT 12 
CP44 NT 7 
CP57 NT 76 
CP72 NT 43 

'rfT r!(,t I , ted 

Inocula were prepared by grinding one part fresh leaves of G. max TN4, infected with 
the respective isolate iii three parts 0.I phosphate buffer pH-1 7.0. Thirty-five to 50 plants 
were inoculated and ketpt in tile ,reenhousc for 10 to 20 d:tys for symptom expression. 
Symlptonle,s plant, were checked by IISA. 

Results 

The 10 A(S lines in'itine to SM V were also found inunune to the three unknown virus 
isolates. The -; V-resistant AGS line (AGS216), however, was susceptible to all three unknown 
viris isolates. lhe rcactions of' the parents of the SMV-resistant AGS lines, except G8252 
(which is rcsistanlio SN. bnt1. stusccptible t0 t lie unknown virns), were similar to the unknown 
virus. 

Anioii the 42 A,( S lines (I to 40, 203, 218) three (AGS 9, 19, and 218) were found 
with itiutinit v to the PIM isolate. The first two were also reported immune to SMV. Line 
218, howeser, was susceptilble to S,V. 

All but one of 15 (G. Inax accessions reported to be resistant or immune to SNV strain 
I were also fonid inune or resistant (haing less thaii Ill' infection rate) to the PN-isolate. 
One accession. (2021, was slsceptible to this isolate. 

Althoiughiost accessions or lines had resistance or immunity to both SMV and the 
unknown sovbean ,irus, a few lines (AGS216, (18252, 6(221,) stood Out which possessed 
resistance to SNIV, buLt not to tlie tinknown isolates. The abovc-mentioned lines will be 
rescrcened and used for genetic studies. 

Conclusion 

These results suggest ihat there are at least two or possibly more resistance systems 
involved. 

Survey for Soybean Mosaic Virus (SMV) and an 
Unknown Virus in Taiwan 

Introduction 

A survey s\as initiated in 1982 to recover naturally occurring SM V strains on soybean 
and use these in AVRI)'s soybean improvement program. In 1983 another virus (soybean 
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isolate PN)was included in the survey. This virus was then tentatively named peanut mosaicvirus because it reacted positively in serological tests to the antiserum of a virus isolated frompeanut by the virologists of the Taiwan Agricultural Research Institute (TARI). It also reactedpositively in ELISA to blackeye cowpea mosaic virus (1I3CMV) and adzukibean mosaic virus 
(AzMV).

In the !983 survey, which covered tie major soybean-growing areas of central easternand southern Taiwan, 115 samples were collected; and of these, four were infected with SMVand 12 with the unknown virus. This survey was continued in 1984 with tile purpose of isolating
more SM V strains and to determine the importance of the unknown virus. 

Materials and Methods 

A total of' 458 soybean leaf samples showing typical virus symptoms were collected fromeastern Taiwan (Hlualier)), northern Taiwan (Ilan), central Taiwan (Taichung), and southernTaiwan (Pingtung, Tainan). Virus detection was by ELISA using the SMV antiserum (ATCC)and the antiseruin against the tnknown virus (P N-isolate). 'Ihe imm unoglohulin and enzyme
conjugate of both antisera were used on at dilution of 1:1000. 

Results 

Thirty-seven of 458 samples tested were found to be infected with SMV; and 26 werefound to contain the tnknown virus. Of these, four were doubly infected with both SMVand the unknown vir us. Symptoms associated with SM V were motile, mosaic, crinkle, andveinbanding. Symptoms associated with the unknown virus were similar: crinkle, mottle, 
mosa.c, and b istering

The combined r,:.,ilts of the 1983 and 1984 survey (Table 30) indicate that the unknownvirus occurs in all major soybean-growing areas and is almost as frequently found as SMV. 

Conclusion 

rliese results have prompted us to sludy this unknown virus in greater depth and to 
explore possible sources of resistance. 

Table 30. Survey for SMV and the unknow, virus (PN-isolatey 

Total No. of Samples Infected with
Location Samples unknown

Collected SMVvirus 
Central Taiwan 46 2 9Eastern Taiwan 247 12 11
Southern Taiwan 235 17 5
Northern Taiwan 40 0 1
Total 568 31 26 

'Combined 1983 and 1984 results 

Detecting Soybean Mosaic Virus Strains 

Introduction 

A survey of the major soybean-prodtUction areas in Taiwan was nade with tihe purposeof detecting and isolating SNIV strains. Because several genes are known to confer resistanceon tile different strains of SM\V, it was hoped that several different strains could be recovered 
and used for resistance screening. 
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Most isolates recovered from previous ,urveys were SMV-GI; several other isolates could 
not be strain-typed. These and some other isolates recovered in a recent survey were strain
typed in 1984. 

Materials and Methods 

Ten SMV isolates were tested: S-121, S-220, S-223, S-226, S-227, S-233, S-245, S-246, 
S-260, S-261. 

Fifteen plants each of the different soybean cultivars (Clark, Rampage, Davis, York,
Marshall, Ogden, Kwanggyo, Buffalo) used by Cho and Goodman for SMV strain classification 
were inoculated with one part freshly infected leaves ground in 0.1 M phosphate buffer pH
7.0. Synmptonless plants were checked by ELISA. 

Results 

Six of the isolates were icsted on eight of Goodman's differentials. Three of these (121,
223, 226) could not be identified, because they did not fit any of the strains in the Cho and 
Goodman's classificatiom scheme. They reacted identically, infecting G. tna.v cvs. Rampage,
Clark, Davis, York, and Ogden by prod ucing mosaic on these hosts. Isolate 227 was identified 
as SM V-I, bccautse it only affecled cvs. Clark and ,atupage. Isolate 220 was tentatively
classified as (-7, because this isolate was able to infect cv. Bu ffalo. According to Cho and
Goodman's scheme, strain (1-7 is ihe only strain which can infect F .iffalo. However, Cho's 
strain 7 produced necrosis on this host and Kwanggyo. Our strain, however, differed slightly
il that it developed necrosis only onil ttffa lo and mosaic on Kwanggyo. The failure of our 
strain to p rodnce necrosis on Kwanggyo may be clue to different growth conditions. 

Isolate 233 is considered (-4, althotgh it prodceed mosaic on Ogden and not necrosis, 
as Cho and Goodman's (-4. Four other isolates (245, 2,16, 260, 261) were so far only tested
otl Kwanggvo to determine whcther ihey are strain 7 or not. None of them infected Kwanggyo,
indicating that they wkere strains difierent from SN1V (-7. 

Detection of Seed-Transmitted SMV after Seed Storage 

Introiuction 

lit breedine for SM V resistance, the resistance of the plant to infection, the establishment
 
of the virus or its strain, and low seed transmissibility are important. This is considered
 
important when new strains of 
 the virus arise for which the original resistance genes do not 
confer resistance. 

For roulitile ealnlation ot low seed tramnsission, a reliable mellthod of screenine and 
ratin mlus be rt c1eveIoI)Cd. For that puripose some preliminary tests were conducted.first 

Materials and Methods 

Ilant" of soybean ctiltivar IN4N were inoculated \sith SNIV-Gi at the primary leaf stage.
After ha;vcsl, seeds were collectccl and stored in a paper bag in the cold room. At various 
intersals afftel harvest, both the gerri nation atl the virus infection rates were imeasured. Four 
hundred sedls were planted in a growth room at 26 'C. Virus infect ion was assessed visually.Syfiptnlc.,s plants \\crc checked in batches of 20 bioas.ay on P. vt/g'riss Toperop. 

Results 

No statistically sicniflicant decrease of' viris infection was noted at various storage Lmes,
alt hough a trdcl Imardti , a Iver percentage was observed (Table 31 ). At the storage conditions 

http:bioas.ay
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used in this experiment, the germination rate immediately after harvest was found significantly
higher than that of the following sampling dates. However, no significant decrease in 
germination rate was detected from one month to nine months after harvest. 

Conclusion 

It appears that in variety TN4, SMV apparently does not get inactivated during storage
of up to nine montthi. If this is generally true of SMV-infected soybean, seed transmission 
of SMV can be assayed after longer periods of storage. 

Table 31. Seed transmission of SMV after different storage durations. 

Time Virus Infection Germination 
(after Harvest) (0/0) (0/) 

1 day 8.7 98.1 a 
1 month 7.5 93.1 b 
4 months 7.3 94.0 b 
5 months 6.1 95.0 b 
6 months 5.3 95.0 b 
7 months 5.9 92.2 b 
8 months 5.6 94.0 b 
9 months 5.9 93.6 b 
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Agricultural Economics 

Processing Tomato Production In Taiwan 

Introduction 

This study was aimed at understanding the problems and the economic significance ofprocessing tomato production in Taiwan. 

Materials And Methods 

Processing toimao production is concentrated in Tainan, Chiayi, and Yunlin Counties.Ycnshui, Tungshih, and Shuilin which are the biggest production townships in the abovecounties, were chosen for this study tFig. 1). From the name lists supplied by the Farmers'Associations (FAs) and the representatives of the farmers, 39 farmers from Yenshui,79 from Tungshih, and 59 from Shuilin were randomly selected and interviewed from 
May to July, 1984. 

YULIN Fig. 1. , .,' Sampling places in the survey of processing tomato 
- production in Taiwan, 1984. 

TAINAN 

(D Shuilmi59 fcrmers
 
() Tungshih 79 formers
 
() Yenshui 39 farmers
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Results 

Most farmers reported that their farm problem was temperature (Table 1). High 
temperature reportedly caused diseases and the delay in fruit setting. Some farmers 
attributed poor fruit-set rate and fruit defects to low temperature. On the average,
each parcel of processing tomato had one to two different kinds of diseases and insects, 
most incidences of which were slight (Table 2). 

The majority of' the farmers did not decide the kind of processing tomato to 
plant (Table 3). They accepted whatever cultivar the farmers' representatives distrib
uted. In most cases, each representative had more than one cultivar in his seedling 
nursery. From the farmers' viewpoint, the following were the ideal characteristics of 
processing tomato : large fruit size, very red color, high yield, labor-saving at harvest,
nonperishability, resistance to diseases, and easy control of insects, among others 
(Table 4). 

Table 1. Percentage of total parcels with the temperature 
problem in processing tomato, 1983 to 1984. 

Township Temperature Temperature 
Too High(/o) Too Low(O/o) 

Yenshui 38 17 
Tungsih 42 6 
Shuilin 69 0 

Table 2. Incidence of diseases and insects by township, 
1983 to 1984. 

Diseases Diseases and Insectsand Insects' Reported to be Slight (%) 

Yenshui 1.35 87 
Tungshih 1.90 93 
Shuilin 2.11 89 

'Average number of kinds of diseases and insects in one parcel of 
processing tomato 

Table 3. Reasons for choosing the kind of processing tomato planted by township, 

1983 to 1984. 

Reason Yenshui (%) Tungshih(%) Shuilin (%) 
High yield 11 14 4 
No choice, accepted what was distributed 57 55 69 
Influence of neighbors 2 1 6 
For intercropping 4 0 0
 
Large fruit size, labor-saving at harvest 4 5 
 1
 
Previous good experience with the cultivar 9 8 
 10 
Ignorance of which cultivars were best 9 1 1
 
Good color 6 0 0
 
Short duration 
 2 0 (1

Good cultivar 6 2 0
 
Less perishability 2 4 3
 
Free seeds 2 0 0
 
For trial 
 2 18 7
 
In demand at factory or market 0 2 3
 
Strong resistance to diseases 0 
 2 0
 
A case of mistaken seedling identity 0 1 0
 
Result of land consolidation 0 1 0
 
Heat to;erance 0 1 0
 



273 Agricultural Economics 

Most farmers were not satisfied with the contractual production system in the 
1983-84 crop year (Tables 5). The major reasons were the inability to harvest part of 
the crop and the reported irregularities with regard to pricing, grading, weighing, of 
factories and representatives during an oversupply of the product (Table 6). Those who 
were satisfied with the contractual system mentioned stable price and guaranteed outlet 
as tile main reasons. 

The major crops competing with processing tomato were corn, sweet potato, peanut, 
and corn shoot (Tables 7, See p. 275). Farmers grew processing tomato mainly because it 
had a higher expected income and could better use famil) labor than the competing crops. 
It also diversified farming, and, thus, lessened risks. 

Generally speaking, processing tomato production was profitable in the 1983-84 crop 
year. Farm income and net returns of the crop were positive in all three production townships, 
except the net returns in Shuilin Township (Tables 8 to 10). 

Conclusion 

The farmers considered processing tomato an important crop from the standpoint
of management because it was profitable, had a higher expected income, made better use 
of family labor, diversified farming, and provided a guaranteed market outlet and stable 
income. Institutional malpractices could be reduced if the farmer were free to decide what 
type of processing tomato to grow in what scason. A heat-tolerant tomato will solve the 
problem of high temperature and, hence, remove the constraint to the expansion of 
production seasons. 

Table 4. The ideal characteristics of processing tomato by township, 1983-84. 

Ideal Characteristic Yenshui (%) Tungshih (%) Shuilin (%) 
Large fruit size 66 24 18 
Labor-saving at harvest 16 8 21 
Very red, good color 53 21 0 
High , stable yield 47 38 45 
Heat tolerance 3 0 2 
Short duration 11 3 2 
Resistance to diseases and insects 32 21 4 
Nonperishability 13 18 13 
Can be harvested by machine 5 0 0 
Less harvest frequency 3 1 0 
Uniform color 3 0 0 
Medium size 3 0 0 
In demand 5 7 5 
Resemblance to a particular cultivar 26 3 0 
Frost, cold tolerance 0 4 0 
No opinion 0 12 20 
Vigorous growth 0 1 0 
Juicy fruit 0 1 7 
Salability at the fresh tomato market 0 3 18 
Uniform maturity 0 3 0 
Less branches for convenience 

in spraying and harvest 0 4 0 

Table 5. Farmers' opinion by township regarding the contractual production system, 
1983-84. 

Township Satisfied (%) Not Satisfied (%) Not Certain (/os 
Yertshui 31 69 0 
Tungshih 44 54 3 
Shuilin 19 71 10 
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A less perishable cultivar is preferred because the farmer can store it longer infields when there is an oversupply of' the crop in the market. Finally, a cultivar with 
large fruits will save picking time. 

Table 6. Reasons for farmers' dissatisfaction and satisfaction 
with the contractual production system by township, 1983-84. 

Reasons for Dissatisfaction Yenshui (%) Tungshih (%) Shuilin (%)Part of the crop not harvested 56 80 86 
Low price 52 2 10Problems with grading and inspection 26 20
Profit shared with representatives 7 0 

7
0
Delay in payment 
 4 0 5Contract price not followed 15 5 7Delay in shipment 0 7 0Oversupply 0 2 2


Problems with weighing 0 5 5
Unmarketed small tomatoes 0 2 0Freight payment for collecting crates from FA 0 2 0Inability to get crates from FA due to distance 0 2Promised sorghum seeds not given by FA 0 2 
0
0
No document of contract 
 0 0 2Nonpayment 0 0 2Dishonest representatives 0 0 2
Payment through representatives 0 0 2
Marketing through representatives 0 0 
 2

Faking of contractual acreage for profit

by representatives 
 0 0 2No opinion 0 2 0
 

Reasons for Satisfaction
 
Guaranleed outlet, stable incorne,convenient


shipment, contract compliance 38 33
Satisfied, 
 but marketed volume be increased 25 36 
43 

Satisfied, but the price be improved 
29 

13 6 0Fair price 12 6 14No delay in payment 

Satisfied, but grading be improved 

12 0 0
 
0 3 0Satisfied, but small tomato be marketed 0 6 0Good weighing system 0 3 0Easy marketing procedure 0 3 0Satisfied, but shipping be made convenient 0 3
Dependable negotiations with factories by FA 0 6 

0 
0No opinion 0 0 14 

Table 8. Production budget per hectare for processing tomato in Yenshui township, 
1983 to 1984. 

Quantity marketed (kg) 65,770
Average price (NT$/kg) 1.59
 
Gross returns (NT$) 104,691

Farm income (NT$S) 54,301

Net returns (NT$)Y 13,072
 
Production Cost (NT$) Noncash 
 Cash Total % Total Cost
 
Seedlings 
 0 4,286 4,286 4.68Inorganic fertilizer 0 11,947 11,947 13.04
Organic fertilizer 
 0 294 294 0.32Pesticide and herbicide 0 8 195 8,195 8.94Fuel, water fee 0 689 689 0.75
Labor 39,652 21,392 61,044 66.63Animal power 954 1,241 2,195 2.40Machine power 623 2,346 2,969 3.24. 
Total 41,229 50,390 91,619 100.00 

'Gro!;!; reltnris rrurius, cash produclion cost YGross returns minus total production cost. 



Table 7. Reasons for growing processing tomato instead of competing crops in Yenshui, Tungshih, and Shuilin Townships, 1983 to 1984. 

Reason for Growinq Processing Tomato 

Higher expected income than competing crops
Recommendation by farmers' representatives 
For intercropping with other crops 
Custom 
Neiahbors' influence 
Corn seeds not available 
Free tomato seeds 
For rotation 
Soil too infertile for corn 
For trial 
Suitable soil for tomato 
Insufficient water source 
For crop diversification 
1:bor intensiveness of sweet potato
Riskiness of sweet potato in the rainy season 
Labor intensiveness of corn 
Malpractices in corn price policy 
inability of corn to absorb family labor 
Result of soil consol'dation 
Serious insect incidence in corn 
More fertilizer needed for corn 
High labor needs and wages for peanutin the rainy season 
Riskiness of peanut in the rainy season 
Unsuitable soil for peanut 
Labor-intensiveness of thecompeting crop 
No experience with corn shoot 
Expensive peanut seeds 

corn(0/n) 

32 
19 
3 
1,3 


3 
3 

3 


10 

10 

6 

3 

3 

3 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

Yenshui 
sweet potato

(0/0) 

57 
14 
0 
0 
0 
0 
0 

14 
0 
0 
0 
0 
0 

14 
14 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

corn
(0/) 

41 
12 
0 
1 
0 
4 
0 
1 

10 
9 
0 
0 

16 
0 
0 
1 
3 
9 

1 
1 
1 

0 
0 
0 

0 
0 
0 

Tungshi 
peanut

(o0) 

22 
17 
0 
0 
6 
0 
0 
0 
0 

11 
0 
0 

17 
0 
0 
0 
0 
0 
0 
0 
0 

17 
22 
6 

0 
0 
0 

Competing Crops 

corn 
(0/ 

corn shoot
( ) 

26 30 
13 0 
10 0 
10 5 
29 15 
0 0 
0 0 
0 0 
0 0 
0 5 
0 0 
0 0 

23 25 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
3 0 

0 0 
0 0 
0 0 

3 35 
0 5 
0 0 

Shuilin 
sweet potato

(%) 

38 
6 
6 
6 

3 1 
0 
0 
0 
0 
0 
6 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

peanut 
(o%) 

7 
7 
7 
7 

60 
0 
0 
0 > 
0 
0 
0 
0 
0 
0 0 
0 0 
0 . 
0 
0 
0 
0 
0 

0 
0 
0 

7 
0 
7 

'-4 
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Table 9. Production budget per hectare for processing tomato in rungsnih Township, 
1983 to 1984. 

Quantity marketed (kg) 63,597
 
Average price (NT$/kg) 1.72
 
Gross returns (NT$) 109,301
 
Farm income (NT$)z 56,020
 
Net retur.ns (NT$)y 969
 

Production Cost (NT$) Noncash Cash Total % Total Cost 
Seedlings 0 3,078 3,078 2.84 
Inorganic fertilizer 0 9,676 9,676 8.93 
Organic fertilizer 438 3,138 3,576 3.30 
Pesticide and herbicide 0 9,401 9,401 8.68 
Fuel, water fee 0 2,511 2,511 2.32 
Labor 53,322 21,825 75,147 69.37 
Animal power 1,111 1,274 2,385 2.20 
Machine power 180 2,378 2,558 2.36 

Total 55,051 53,281 108,332 100.00
 
'Gross returns m-nus cash production cost. YGross returns minus total production cost.
 

Table 10. Production budget per hectare for processing tomato in Shuilin Township, 
1983 to 1984. 

Quantity marketed (kg) 59,076
 
Average price (NT$/kg) 1.71
 
Gross returns (NT$) 100-862
 
Farm income (NT$)Z 30,036
 
Net returns (NT$)Y -22,154
 
Production Cost (NT$) Noncash Cash Total % Total Cost 

Seedlings 0 3,626 3,626 2.95 
Inorganic fertilizer 0 9,500 9,500 7.72 
Organic fertilizer 1,196 1,332 2,528 2.05 
Pesticice and herbicide 0 9,039 9,039 7.35 
Fuel, water fee 0 3,291 3,291 2.68 
Labor 50,154 39,543 89,697 72.91 
Animal power 570 1,606 2,176 1.77 
Machine powei 270 2,889 3,159 2.57 

Total 52,190 70,826 123,016 100.00
 
zGross returns minus cash production cost. YGross returns minus total production cost.
 

Farmers' Responses to Two Processing Tomatoes 

Introduction 

A new tomato cultivar Tainan Selection NO. 2 (TS2) was developed at AVRDC and 
was released by the Tainan District Agriculture Improvement Station (DAIS) in 1982. This 
research was conducted to assess the crop's performance in the farmers'fields and its 
acceptance by the farmers. TK70, which is one of the major processing tomato cultivars in 
Taiwan, was included for comparison in this study. 

http:retur.ns
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Materials And Methods 

In 1983, Tainan DAIS introduced TS2 to the Tungshih and Shuilin townships.
Information needed for this study %vastaken from previous research. Many farmers adopted 
more than one processing tomato cultivar simultaneously. On the average, 24 to 36% of the 
total tomato parcels surveyed in Tungshih were planted to TS2 and TK70, respectively. In 
Shuilin, every 44076 of the total tomato parcels surveyed was devoted to the cultivars. 

Results 

In Tungshih, the number of kinds of diseases and insects reportedly occurring in a tomato 
parcel was significantly less for TS2 than for TK70 at the 10%0 level of significance (Table
11). In Shuilin, the number of kinds of diseases and insects was significantly more for TS2 
than for TK70 al the 5% level of significance. However, the proportion of kinds of diseases 
and insects which were reportedly severe was not significantly different between TK70 and 
TS2 in both townships (Tble 12). 

Table 11. Average number of kind of diseases and insects
 
in a tomato parcel in Tungshih and Shuilin by cultivar,
 

1983 to 1984.
 

Cultivar Tungshih Shuilin 
Tainan Selection No. 2 1.68 2.30 
TK70 1.98 1.84 

Table 12. Percentage cf severe disease and insect 
infestation on Taiwan Selention No. 2 in Tungshih and 

Shuilin, 1983 to 1984. 
Cultivar Tungshih(%) Shuilin(%) 
Tainan Selection No. 2 2.13 11.76 
TK70 6.C2 8.82 

High temperature was a problem of TK70 in both townships. In Shuilin, high temperature 
was also a problem of TS2 but not as nu 11in Tungshih. As a result of a delay in planting, 
much fewer farmers in Tungshih reported that high temperature was a problem of TS2. 
Moreover, some parcels of TS2 in Tungshih were severely affected by cold temperature (Table 
13). The planting seasons of TS2 and TK70 in Tungshih and Shuilin are shown in Table 14. 
Apparently, planting seasons affected the yield. TS2 and TK70 yielded much more when 
planted before October than when planted aftcr this month, especially in Tungshih where 
some farmers planted TS2 very. late in the year (Table 15). 

Table 13. Percentage of total parcels of processing tomato affected by high temperature 
in Tungshih and Shuilin Townships by cultivar, 1983-34. 

Cultivar Tungshih _ Shuilin 
too high (%) too low (%) too high (%) too low (%) 

Tainan Selection No. 2 29 14 78 0 
TK70 64 0 66 0 
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Table 16 shows the estimated yields and volume percentages of the two cultivars in
Tungshih and Shuilin. The volume percentages of TS2 and TK70 were similar in Tungshih,
but higher in TS2 than in TK70 in Shuilin, indicating a stronger demand for the former.
There was not much difference in yield between the two cultivars in Tungshih; however, in
Shuilin, TK70 was much more productive. Processing tomato was more productive in Shuilin,
unfortunately the oversupply was not absorbed by the factories. The volume percentage was 
lower in Shuilin than in Tungshih.

The advantages and disadvantages of the two cultivars are shown in Tables 17 to 18,
respectively. Farmers in Tungshih favored TK70, but those in Shuilin preferred TS2. In
Tungshih, the farmers who thought the cultivar they planted did not have any advantages 
or were not sure of its advantages, were less for TK70 than for TS2. Likewise, in Tungshih, 
more TK 70 farmers thought their cultivars did not have any disadvantages. In Shuilin,
although nearly the same percentage of farmers thought both cultivars did not have any
disadvantages, a considerably higher percentage of the farmers gave positive responses for
TS2 than for TK70. The farmers' attitude towards the two cultivars were also reflected in 
their responses to the superiority of TS2 (Table 19) and their plans (Table 20). In Tungshih,
the majority of the farmers thought TS2 was not superior, but the reverse was true in Shuilin.
Therefore, farmers in Shuilin were more interested in continuing with TS2 than in Tungshih. 

Table 14. Percentage of land parcels planted in different seasons in Tungshih 
and Shuilin, 1983-84. 

Tungshih () Shuilin ()

Planting Season Tainan Selection TK70 Tainan Selection 
 TK70 

No. 2 No. 2 
July early 0 0 0 0 

mid 0 0 0 0 
late 0 0 2.94 0 

August early 0 0 8.82 0 
mid 4.35 8.33 8.82 15.00 
late 0 8.33 14.71 30.00 

September early 30.43 54.17 8.82 15.00 
mid 13.04 12.50 20.59 15.00 
late 8.70 8.33 14.71 20.00 

October early 17.39 0 11.76 5.00 
mid 17.39 4.17 5.88 0 
late 4.35 4.17 2.94 0

November early 4.35 0 0 0 

Table 15. Yields of Tainan Selection No. 2 in Tungshih and
 
Shuilin Townships by season, 1983 to 1984.
 

Planting Season Tungshih (kg/ha) Shuilin (kg/ha)
Before Oct. (Oct. excluded) 75,502 77,757 
After Oct. (Oct. included) 41,145 65,951 

Table 16. Estimated yields and percentages of marketed processing tomato 
in Tungshih and Shuilin Townships by cultivar, 1983 to 1984. 

Cultivar Tungshih __________Shuilin- - -
Yield (kg/ha) Marketed (%) Yield (kg/ha) N',arketed (%) 

Tainan Selection No. 2 60,602 89 76,938 77 
TK70 69,205 90 88,420 69 
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TS2 was commended because it was less perishable, had satisfactory yield in Tungshih 
and Shuilin, and was in demand at the Shuilin fresh market. TK70 was cited for its high 
yield, large fruits, and labor-saving advantage at harvest in both townships. 

The major common disadvantage of TS2 in both townships was the slow development 
of its color. Due to environmental facto'rs, farmers planting TS2 also reported low yield and 
high seasonal deviation in yield in Tungshih, and fruit rotting in Shuilin. TK70's perishability 
was cited as its major disadvantage in both townships. Diseases and insects in Tungshih and 
low yield in Shuilin were also mentioned as the negating factors of TK70. 

Conclusion 

In general, TS2 did not show stronger resistance to diseases and insects in farmers' fields 
than TK70. The average yield of TS2 was lower than that of TK70. Season was an important 
factor to the yield of TS2, especially in Tungshih where some tomato crops were planted very 
late in the year. High temperature was a problem of both cultivars and depended largely on 
which seasons the crops were planted. 

TS2 was better accepted in Shuilin because it was less perishable, had satisfactory yield, 
and had better market outlets. As a result, more farmers planned to continue growing it than 
TK70 in this township. 

Table 17. Advantages of processing tomato in Tungshih 
and Shuilin Townships by cultivar, 1983 to 1984. 

Tungshih Shuilin 
Advantage Tainan Selectioni TK70 Tainan Selection TK70 

No. 2 (t) (0/) No. 2 (/) (o/k) 
Size of large fruits (big) 8 21 8 23 
High yield, satisfactory yield 20 41 61 26 
Less perishablility 33 0 22 6 
Good shape 8 0 0 0 
Good color 0 7 0 6 
Ease in picking the fruit 4 0 8 0 
Desirability in factories 8 0 3 0 
Ease in spraying 

(branches not spread apart) 4 0 0 0 
Early maturity 0 3 0 0 
Heat tolerance 4 0 3 0 
Labor-saving at harvest 4 14 6 10 
Ease in spraying, walking around, 

and shipping 4 7 0 0 
Easy management 4 3 6 3 
Heavy fruits 0 7 0 6 
Less harvest frequency 4 0 0 0 
Juicy, good for tomato paste 0 7 0 3 
High fruit-set rate 0 3 0 0 
Frequent harvests that absorb 

family labor 0 3 0 0 
Stable yield 0 3 0 0 
No advantages, unsure of advantages 33 24 8 42 
Easy control of diseases and insects 0 0 3 0 
Fast growth 0 0 0 3 
Good taste 0 0 3 3 
Salability at the fresh market 0 0 39 0 
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Table 18. Disadvantages of processing tomato in Tungshih and 
Shuilin Townships by cultivar, 1983 to 1984. 

Disadvantage Tungshih
Tainan Selection 

No. 2 () 
TK70 

(/0) 

Shuilin 
Tainan Selection 

No. 2 (f) 
TK70 
(/) 

Thinness of skin, perishability,
tendency to rot 

Difficulty in removing fruit stern when dry
Diseases and insects 
Low yield 
Difficulty in picking fruits 
Longer time for fruit, to redden 
Undesirability in factories 
Difficulty in harvesting & spraying

(too branchy) 
Susceptibility to low :emperature 
Labor-consuming 
Poor fruit-set rate due to low temperature 
High seasonal deviation in yield 
Uncertainty in planting season 
Small fruit at late harvest 
Poor early fruil setting 
Necessity for many replantings 
No disadvantages, unsure of disadvantages
Small fruit 
Undesirable red color 
Impurity of seeds 
Poor fruit-set rate 
Unacceptability in the fresh market 
Lack of experience 
Long harvest period 
Susceptibility to high temperature 
Lack of juiciness 
Oversupply 
Need for more ferlilizer 
Susceptibility to flooding 

0 
9 
9 

22 
4 

14 
0 

0 
4 
0 
9 

13 
4 
4 
0 
0 

17 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

21 
0 

18 
0 
0 
0 
4 

4 
0 
7 
0 
0 
0 
0 
4 
4 

43 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14 
6 
8 
3 
0 

11 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

42 
3 
6 
3 
3 
0 
0 
3 
3 
6 
3 
3 
3 

13 
0 
7 

10 
0 
0 
0 

7 
0 
0 
0 
0 
0 
0 
0 
0 

43 
3 
0 
3 
3 
3 
3 
0 
0 
0 
0 
0 
0 

Table 19. The superiority of Tainan Selection No. 2 from the farmers' viewpoint. 
Superiority Tungshih (t) Shuilin(f)

Superior 35 40Not superior 65 27Not sure of superiority 0 33 

Table 20. Farmers' plans for growing the same cultivars in the 1984 to 1985 crop year. 

Tungshih ShuilinPlan Tainan Selertion TK70 Tainan Selection TK70 
No. 2 (1,) (0) No. 2 (%) (0/0)Continue growing 39 39 59 0Not continue growing 26 19 21 ANot certain 35 42 20 39 
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Responses of Factories to a New Tomato Cultivar 

Introduction 

This study was conducted to understand the processing quality of an AVRDC new tomato 
cultivar-Tainan Selection No.2 (TS2), in order to determine its expansion, and the need for 
suitable cultivars to control seasonal supply better. 

Materials and Methods 

This stidy was based on the information collecteJ from 21 factories through telephone
interviews in October, 1984. According to Taiwan Exports of Canned Food, 32 factories 
exported tomato products in 1982. However, the factories that stopped producing tomato 
products were not cooperative, and so, were not interviewed together with those having unlisted 
telephone numbers. 

Results 

Most of the factories interviewed produced peeled whole tomato, sliced tomato, and 
tomato paste. Some produced assorted vegetables:, tonato puree, catsup, and tomato juice
(Table 21). TS2 was adopted by many f'actores and was favored by most of them for such 
concentrated products as peeled whole tomato, sliced tomato, and assorted vegetables.
Firmness, ease of peeling, good shape, and satisfactory color contributed P-ost to its good
processing quality (Table 22). The major reported disadvantages of TS2 included unsatisfactory
fruit color at late harvest, unsatisfactory flesi color after peeling, infected fruit top, and low 
conversion rate for tomato paste. 

Most factories using TS2 decreased its contractual area in the 1984-85 crop year (Table
23) mainly because of' the small production share of tomato products in the factory, and an 
oversupply in the USA (Table 24). llowcver, a number of factories still increased their TS2 
contractual area because of its good processing quality and multiple uses for peeled whole 
tomato, sliced tornato, and olnato paste (Table 25).

To level off the supply of tomato and its lcmand for labor from peak time to the slack 
season, most factories need ctiltivars which can be harvested as early as in November and 
l)ecember and as late as in April and May (Tables 26, 27, 28). 

Table 21. Processed tomato products, products using Tainan Selection No. 2 (TS2), 
and factories partial to TS2. 

Tomato Product 
Factories Producing 

a Particular 
Factories Using TS2 

for a Particular 
Factories Ranking TS2 

as One of the Best as f a Pat 
Tomato" Product (0/o) Tomato Product f) To a Pru 

Tomato Product % 
ar 

Peeled whole tomato 86 33 100 
Sliced tomato 71 60 78 
Assorted veetables 19 50 100 
Tomato paste 62 15 0 
Tomato puree 19 0 0 
Catsup 10 0 0 
Tomato juice 24 20 0 
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Conclusion 

Forty-eight percent of the factories interviewed processed TS2. The new cultivar was 
acceptable by most canners of peeled whole tomato, sliced tomato, and assorted vegetables 

Table 22. Advantages and disadvantages of Tainan Selection No. 2 by type 
of tomato product. 

Advantage Whole Sliced Assorted 
Tomato (%) Tomato (%) Vegetables (%) 

No change in shape, no canning damage 20 0 0 
Firmness 20 100 100 
Ease in peeling 60 33 100 
Satisfactory color 40 17 0 
Even fruit size 20 0 0 
Small fruit stem 20 0 0 
Good shape 20 0 0 
Fewer seeds than other cultivars 0 33 0 

Disadvantage 
Unsc ,'actory coloi at late harvest 33 50 33 
Unsatisfactory color after peeling 67 0 0 
Blackish spots on the fruit top 0 100 0 
Unsatisfactory yield 0 50 0 
Uneven fruit size 0 50 0 
Low conversion rate 0 0 33 
Not very red color 0 0 33 

Table 23. Changes in the contractual area of Tainan Selection 

No.2 between the crop years 1983-84 and 1984-85. 

Change In Area Percentage of the Factories 
Had never contracted the crop 52 
Increase in acreage 19 
Decrease in acreage 29 

Table 24. Reasons for reducing the contractual area 
of Tainan Selection No.2. 

Reason Percentage 
Reduction of tomato products 17 
Blackish spots on the fruit top 17 
Unsatisfactory yield 17 
Unavailable seeds 17 
Trouble with contract-breaking 17 
Less need for tomato in the factory 33 
Oversupply in th.e USA 33 

Table 25. Reasons for increasing the contractual area 
of Tainan Selection No. 2. 

Reason Percentage 
Firmness 25 
For trial purposes 25 
Mutiple uses (whole tomato, 75 

sliced tomato, and tomato paste) 
Good color 25 
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because of its firm flesh, ease of peeling, good shape, small stem, and fewer seeds. Animprovement in fruit color and resistance to diseases of the fruit top would enhance its 
processing quality.

TS2 had a low conversion rate and an unsatisfactory color for tomato paste, which was one of the major tomato products in Taiwan. Therefore, breeding more cultivars to meetthis market demand would better benefit factories, and hence, the farmers. The expansionof TS2 largely depends on such economic factors as the supply of processing tomato outsideTaiwan, the economic share of tomato processing in ilhe factory, and a reasonable solution 
to the competition for the new cultivar between factories and fresh markets.

Most factories need a more balanced distribution of their production outputs thoughoutthe seasons by extending the harvest season to November and Deccniber. Therefore,the development of better heat-tolerant cultivars would facilitate factory scheduling of tomato
production for an efficient efficient control of seasonal supply. 

Table 26. The extension of tomato harvest seasons needed by 
factories in Taiwan. 

Opinion Harvest Seasons 
forward extension () backward extension (%)

Yes 75 30 
No 15 55 
Not sure 10 15 

Table 27. Reasons for the need of extending the harvest seasons. 
Reason Forward Extension (o) Backward Extension (%)

Disperse the peak time 60 67
Deliver tomato products early 7 0
Adjust storage 7 0Minimize conflict with other products 7 0
Distribute labor well 13 0Provide business tor slack season 27 33
Try it 0 17 

Table 28. Extended harvest seasons needed by factories in Taiwan.
 
Extended Season 
 Forward Extension (%) Backward Extension(h) 
August (late) 7 
November (early) 

0 
27 0 

(mid) 7 0 
(late) 33 0December (early) 13 0 
(mid) 13 0April (late) 0 2F 

May (mid) 0 50 
(late) 0 25 

The Responsibility and Financial Position 

of Tomato Farmers' Representatives in Taiwan 

Introduction 

Farmers, factories, and farmers' representatives are all interrelated in the tomato
enterprise. In addition to the study o. tomato production from farmers' and factories'viewpoints, a study of the role and the financial position of farmers' representatives would
better identify the importance of tomato production in the rural community. 
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Materials and Method-

From the lists submitted by the Farmers' Associations (FAs), 21 r.'presentatives were 
interviewed in Yenshui, Tungshih, and Shuilin Townships, from May to July, 1984. 

Results 

Represettatives of Yenshui and Shuilin Townships were all tomato farmers selected by 
the factories. In Tungshih Township, however, the FA and tomato farmers were the 
representatives. The representative's most important work was to cultivate and sell tomato 
seedlings, and to assist in postharvcst handling. In most cases, the representative had free 
seeds from the factory with whomhe sigr. a contract for the farmers. In the 1983-84 crop 
year, the net returns and farm income for a seedling nursery :,f 0.1 ha was NT$8,312 and 
NT$14,363, respectively. Tht average nursery size was 0.178 ha (Tables 29 and 30). 

Postharvcst handling incl*]es distribution of crates, inspection, weighing, shipment, and 
forwarding of tomato income to the farmers. On the average, each representative received 
from the factory NT$116,916 f'jr his services (-Table 31). 

Conclusion 
The representative was quite active in the rural community for the role he played in 

the tomato contractual production system. His major work was to cultivate tomato seedlings 
and to assist in postharvest handling, for which he had received a substantial sum in the 1983-84 
crop year.
 

Table 29. Costs and returns of producing tomato seedlings in a 0.1 ha nursery, 
198S-84. 

No. of seedlings (plants) 134,520.00 
Price (NT$/plant) 0.15
 
Gross returns (NT$) 20,178.00
 
Farm income (NT$)' 14,363.00
 
Net returns (NT$)Y 8,312.00
 

Production Cost (NT$) Noncash Cash Total Total Cost(%) 

Material 463 2,040 2,503 21.09 
Labor 5,541 3,376 8,917 75.15 
Animal power 21 115 136 1.15 
Machine power 26 264 310 2.61 
Total 6,051 5,815 11,866 100.00 

zGross returns minus cash prcduction cost. YGross returns minus total production cost. 

Table 30. The represrntative's earnings from seedling cultivation. 

Item Income (NT$) 
Net returns per 0.1 ha (NT$) 8,312.00 
Farm income per 0.1 ha (NT$) 14,363.00 
Average nursery size (Ha) 0.178 
Total net returns (NT$) 14,795.00 
Total farm income (NTS) 25,566.00 

Table 31. The representative's earning from 
the postharvest handling service. 

Item Income (NT$) 

Per ton of tomato delivered (NT$) 65.00 
Average tonnage delivered (Tons) 1798.70 
Total commission (NT$) 116,916.00 

http:116,916.00
http:25,566.00
http:14,795.00
http:14,363.00
http:8,312.00
http:8,312.00
http:14,363.00
http:20,178.00
http:134,520.00
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Farmers' Viewpoint on the Production of Summer Chinese
 
Cabbage in the Lowlands of Taiwan
 

Introduction 

The agroeconomic factors in the production of AVRDC and Chang-puh Chinese cabbage 
were studied in this research work. 

Materials and Methods 

Interviewed in October 1984 were 28 farmers of AVRDC Chinese cabbage and 24 Chang
puh farmers (Fig. 2). Fourteen farmers of AVRDC Chinese cabbage were from Minghsiung
Township and 14 from H'inkong Township, both of which were the biggest production areas
of AVRDC Chinesq cabbage in Taiwan. Ten of the 24 Chang-puh farmers were from Hsinkong
;the rest were from Erhling. The sample included almost a!lthe farmers growing AVRDC 
and Chang-puh Chinese cabbage in these three townships. 

CHUfLGHWA 

-Fig. 2. 
-, [Sampling places in the survey of Chinese cabbage 

- . .- , production in South Central Taiwan, 1984. 

0 Erhling 14fomers
 
growing Chan-pu
 

(0) Hsinkong 10farmers
 
growing Chong-puh
 

(3)Minhsiung 14 formers
 
____________)wng AVRD0cultsors
 

Results 

Soft rot and rotting seemcd to be more severe in AVRDC Chinese cabbage than in Chang
puh. They were the most serious diseases reported by the farmers (Table 32). Most farmers were motivated by FA extension work or the local demonstrations in their first planting of
AVRDC Chinese cabbage. Many of them, however, did not plan to grow the same cultivar
in the next year mainly because of low price and diseases. However,the majority of Chang-puh
farme s planned to continue with the cultivar because2 of its superiority and high price (Tables
33 to 36).

From the farmers' viewpoint, the ideal characteristics for summer Chinese cabbage were 
its good appearance, high yield, strong demand, resistance to diseases, and heat tolerance
(Table 37). The production of Chang-puh appeared to be more profitable than that of AVRDC 
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Chinese cabbage in 1984. On the average, the volume of transaction per hectare was 14 t
for AVRDC Chinese cabbage at NT$5.61/kg and 15 t for Chang-puh at NT$7.16/kg (Table
38). 

Conclusion 

Chang-puh appeared to be better accepted by farmers than the AVRDC Chinese cabbage
for its stronger market demand. Appearance was considered the most important factor in
the price difference. In 1984, soft rot and rotting were the most severe diseases in the
production of summer Chinese cabbage in the lowlands of Taiwan. 

Table 32. Incidence of insects and diseases in summer Chinese cabbage, 1984. 

Insects and Diseases AVRDC (N=28) Chang-puh (N=24) 

severe (%) light (f) severe (t) light (f)
Soft rot, rotting 41 17 17 33 
Mildew, spot 7 14 4 25

Darkened inner leaves 7 0 
 0 0
Rotten outer leaves 3 0 0 0 
Shrunken leaves 0 0 0 4
Diamondback moth 10 55 4 50
 
Army worm 14 55 0 4

Imported cabbage worm 10 
 17 4 58
 
Cabbage webworm 0 3 
 0 0 
Striped beetle 3 0 0 12
Black cutworm 0 3 0 38 
Cabbage loopet 0 0 0 8 

Table 33. Reasons for choosing the type of summer Chinese cabbage, 1984. 

Reason AVRDC Chang-puh

(N=20) (/) (N =24) (f)


FA extension (first t :al) 76 
 0
AVRDC or local demonstrations 10 0
 
Recommendation by seed dealers of neighbors 
 7 17
Custom, good experience with the cultivar 3 33
Free or cheap seeds 0 12 
Satisfactory yield 0 17
Large and heavy heads 0 8

White leaves 
 3 0

Freedom from shrunken leaves 
 3 0
 
Short growth duration 
 3 4
 
High head-formation rate 
 0 4
Strong resistance to diseases 0 4
 
High germination rate 
 0 4
 
Heat tolerance 
 3 8

Good appearance (tight, smooth, iound) 
 3 8
 
Guaranteed price 
 3 0
 
High price, popularity in markets 
 0 29 

Table 34. Farmers' plans for growing the same type
 
of summer Chinese cabbage in 1985.
 

Farmers' Plan 
 AVRDC Farmers Chang-puh Farmers 
(N=28) (%) (N=24) (%)


Continue growing 10 67

Not continue growing 69 
 8 
Not certain 21 25 
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Table 35. Reasons for farmers' decision about growing the same type 
of summer Chinese cabbage in 1985. 

Reason AVRDC Chang-puh(N =3) (%) (N= 16) (%)
 
Satisfactory yield 
 33 25
 
Ease in management 
 33 0
 
Large, heavy head 
 0 12
 
Short growth duration 
 0 6
 
Good cultivar 
 0 31
 
Flood tolerance 
 0 6
 
Freedom from varietal variation 
 0 6 
Appearance 33 6
 
Good taste 
 33 6
 
High price, popularity in markets 
 33 38
 
For another trial 
 33 0
 
Custom 
 0 6
 
Divrsification 
 0 6 

Table 36. Reasons for farmers' decision about not growing the same type 
of summer Chinese cabbage in 1985.
 

Reason 
 AVRDC Chang-puh 

(N =20) (%) (N=2) (0) 
Appearance 10 0
 
Loose" leaves (easily shred
 

in transportation) 
 15 0
 
Head crack 
 5 0 
Greenish leaves 10 3
 
Horizontal darkened cracks on midribs 5 
 0
 
Rotting at maturity (should be
 

harvested beform maturity) 
 15 0 
Spots 5 0
 
Diseases and insects 
 20 0
 
Low yield 
 5 0
 
Labor intensiveness 
 0 50
 
Change of cultivar 
 10 0
 
Change in choice to a competing crop 0 
 50
 
Expensive seeds 
 5 0
 
Low price, nonpopularity in markets 55 
 0
 
Unprofitable cultivar 
 5 0 

Tabln 37. Ideal characteristics of summer Chinese cabbage. 

Characteristics Farmers (N =52) (%) Characteristics Farmers (N=52)(%) 
Resistance to diseases 21 Large and heavy heads 9 
Resistance to insects 11 White leaves 2 
Freedom from rotting 8 No varietal deviations 6 
Spotlessness 2 High head-formation rate 4 
Ease in management 6 More inner leaves 2 
Heat tolerance 17 Uniform growth duration 2 
Flood tolerance 9 Good taste 2 
High yield 28 High price 28 
Good appearance 51 Popularity in markets 21 
Fine fiber 2 Not sure, no opinions 4 
Short growth duration 6 
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Table 38. Costs and returns of producing summer Chinese cabbage per 1984.z 
Returns AVRDC 

Chinese cabbage Chang-puh
 
Quantity sold (kg) 14,499 15,484
 
Yield (kg) 15,090 15,643
 
Average price (NT$/kg) 5.61 7.16
 
Gross returns (NT$) 80,982 110,900
 
Farm income (NT$)Y 20,443 50,361
 
Net returns (NT$)x -51,615 -22,196
 
Production Costs (NT$) - Noncashw Cash 
 Total Total Cost(o) 

AVRDC C-P AVRDC C-P AVRDC C-P AVRDC C-P 
Seeds, seedlings 0 157 5948 6062 5948 6219 4.36 4.67
Inorganic fertilizer 0 0 12377 15152 12377 15152 9.08 11.38
Organic fertilizer 5U7 517 1716 3232 2223 3749 1.53 2.82 
Pesticide and herbi.,,e 0 0 10787 16232 10787 16232 7.91 12.20 
Fuel, water fee 0 0 874 881 874 88. 0.34 0.66
Plastic for mulching 0 0 6485 0 6485 0 4.76 0 
Rice straw, rice husk 1324 1618 77 0 1401 1618 1.03 1.22
Crates 0 0 3908 2110 3908 2110 2.87 1.59 
Other materials 0 0 61 18 61 18 0.04 0.01
Labor 69166 69799 7571 7230 76737 77029 56.29 57.87
Animal power 369 161 320 391 689 552 0.51 0.41 
Machine power 692 305 1527 1572 2219 1877 1.63 1.41
Tansp6rtation 0 0 8863 5427 8863 5427 6.50 4.80 
Commission, market 

users's fee 0 0 3751 2232 3751 2232 2.75 1.68 

Total 72058 72557 64265 60539 136323 133096 100.00 100.00
ZAVRDC Chinese cabbage and Chang-puh. YGross returns minus cash production cost. xGross 
returns minus total production cost. W-P Chang-puh 

Prices of Selected Types of Summer Chinese Cabbage 

Introduction 

Be:cause price discrimination was reported to be a major hindrance to the adoption of 
AVRDC Chinese cabbage by farmers, there is a need to investigate more thoroughly the
seasonal price changes of AVRDC and Chang-puh Chinese cabbages. 

Materials and Methods 

Farmers' Associations (FAs) of Minhsiung and -Isinkong Townships in Chiayi County 
were requested to record every single transaction of their AVRDC and Chang-puh Chinese 
cabbages from August to November, 1984. The crops were sold at the Taipei Agricultural
Products Marketing Company through the FA cooperative marketing. Daily prices and 
transaction volumes of various types of summer Chinese cabbage were also recorded by the 
computer system of the Company. Under the computer system, AVRDC Chinese cabbage
included those cultivars which had a similar appearance to the cultivar developed at AVRDC. 

Results 

In Minhsiung and Hsinkong, AVRDC Chinese cabbage seemed to have more favorable 
average prices than its counterpart in September (Fig. 3). The reverse was true in October 
and November. Viewed nationwide, however, the prices of Chang-puh were higher than those
of AVRDC Chinese cabbage at the Taipei Agricultural Products Marketing Company (Fig. 4). 
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The maximum price also concerned farmers as much as the average price. In September, 
in most dates, AVRDC Chinese cabbage had a maximtum price equal to or higher than Chang
puh. However, in October and November, Chang-puh had a higher maximum price nearly 
every day (Table 39). Regression analysis showed that tle price of AVRDC Chinese cabbage 
was affected not only by its own supply but also by the total transaction volume of Chinese 
cabbage at the market. 

11.5 -Fig. 3. 
, 92 , -- oAVRDC type . Chang-puh type Daily prices of Chinese cabbage from 

-, 	 ,. Minhsiung and Hsinkong Townships. . ,,.[, A~t ".." '.,C, as recorded at the Taipei Agricultural 
23 - Products Marketing Company, Sep

Sep'84 Oct Nov'84 temher to November 1984. 

1865 - ._...4 Total .--- o AVRC *--- Chang-puh
 
1492- , ,?
 

o 	 74 6 ,'r
 
37.3

v'12,6;: 	 " '_ t2 c 

z 	63
32
 

Jun'84 Jul Aug Sep Oct '84 

Fig. 4. Daily prices and transaction volume of Chinese cabbage at the Taipei Agricultural

Products Marketing Company, June to October 1984.
 

Table 39. Chinese cabbage (x) with higher or equal maximum price at the Taipei
Agricultural Products Marketing Company for Minhsiung and Hsinkono Townships 

from Sept. 6 to Nov. 26, 1984'. 

Dates AVRDC Chang-puh 0 AVRDC Chang-puh 
9- 6 x 1 . x
 
9- 7 x 10-16 x
 
9-10 x 10-30 x
 
9-11 x 11- 4 x
 
9-15 x 11- 5 x
 
9-18 x 11- 6 x
 
9-19 x 11- 7 x
 
9-20 x 11- 8 x
 
9-21 x 11-10 x
 
9-22 x 11-11 x
 
9-23 x x 11-12 x
 
9-24 x x 11-13 x
 
9-25 Y" 11-15 x
 
9-26 x x .11-16 x
 
9-28 x 11-19 x x
 
9-29 x 11-20 x
 

x x 11-22 x
 
10- 9 x 11-23 x
 
10-10 x 11-24 x
 
10-12 x 11-26 x
 
tO-13 x
 

' x" represents the cultivar which had a maximum price equal to or higher than that of the other
 
on the specific date indicated.
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Conclusion 
The price analysis based on FA daily record-keeping further verified the information

gathered from producers in Minhsiung and Hsinkong that the AVRDC Chinese cabbage was
less competitive than Chang-puh at the market. The point is even stressed further when the 
information on daily price and transaction volume at the Taipei Agricultural Products 
Marketing Company was applied to the study.

It would not be advisable to market AVRDC Chinese cabbage after late September when 
the total supply of Chinese cabbage goes up rapidly. In other words, it will be financially
risky for farmers to grow the crop after late July. The increase in supply of other types of
Chinese cabbage would have a negative effect on the prices of AVRDC Chinese cabbage even 
though its supply is not increased. 

Causes of Price Differentiation between Two
 
Selected Types of Chinese Cabbage
 

Introduction
 

Tile weaker demand for AVRDC Chinese cabbage was reported by the producers in
Minhsiung and I-Isinkong Townships and also verified by the study on the prices of Chinese 
cabbage. This paper aimed to find out the reasons for the price discrimination between AVRDC 
and Chang-puh Chinese cabbages. 

Materials and Methods 

Because it was very hard to locate consumers who experienced both AVRDC and Chang
puh Chinese cabbages, it was then decided that interviews with retailers and wholesalers should 
replace consumer interviews. 

From 57 vegetable retail markets in Taipei City, 14 were randomly selected. Ten or the
actual number of Chinese cabbage retailers, whichever is the smaller, were interviewed at each
selected market in October, 1984. The sample size was 85 which was 78% of the total number
of Chinese cabbage retailers at the 14 retail markets. About two-thirds of the Chinese cabbage
wholesalers at the Taipei Agricultural Products Marketing Company were interviewed in 
September, 1984. The sample size was 40. 

Results 

There were 14% of wholesalers and 22% of retailers who were selling AVRDC Chinese
cabbage when interviewed. The majority reported that they had purchased this commodity
before, but stoppe2d doing so because of it. negative characteristics. They purchased this
commodity only when the market was short of Chinese cabbage (Table 40). The major
disadvantages of the cnltivai were reportedly its taste, unfavorable and untidy appearance,
abundant fiber, and tendency to rot. The wholesalers emphasized diseases more often than
retailers because tile commodity was always well trimmed at the wholesale market before it 
was sold to retailers (Table 41).

Many sellers could iot give any advantages of the commodity probably because its
disadvantages outweighed the advantages. Those who did, mentioned lower price and good
taste as the two maJn-r advari' ,es of the AVRDC cabbage. The cabbage was also considered 
as a good substitute for Ch, -pull when its supply was low at the market (Table 42). 

Conclusion 

Theoretically, the market reflects the consumers' pieference. Sellers tell only the 
consumers' choices. Therefore, it was certain that AVRDC Chinese cabbage was less popular 
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than Chang-puh in Taipei City, although the consumer was not interviewed. This paper,
however, did not actually identify the reasons for this disfavor by the consumer. In fact, the
seller could only guess why the consumer preferred Chang-puh to AVRDC Chinese cabbage.
In this research, the seller guessed that most consumers did not buy AVRDC Chinese cabbage
because of its taste and appearan,.t, among many other reasons. 

In the retail market, the displayed AVRDC Chinese cabbage appeared less presentable
than Chang-puh because of its loose and stale look. Chang-puh stayed fresh and firm for 
a longer period of time. 

Table 40. Experience status of retailers and wholesalers 
of AVRDC Chinese cabbage, 1984. 

Experience Retailers Wholesalers 
(N = 85) (f) (N = 40) (f) 

Is selling the commodity 11 10
 
Sold it before 53 65
 
Not sure 11 0 
No experience 26 25 

Table 41. Disadvantages of AVRDC Chinese cabbage. 

Disadvantages Retailers(N = 64) () Wholesalers(N = 39) (%) 

Appearance 47 54 
Taste 56 54 
Fiber 25 5 
Counterfeit 
Fleshy, wrinkled leaves 

3 
.1 

0 
3 

Not fresh, not clean, spotty looks 16 21 
Inner rotten leaves 6 0 
Expensive 
Inconvenience of loose leaves 

<1 
.1 

0 
0 

Too small '1 0 
horizontal darkened cracks on leaves 0 10 
Rotten 0 21 
No opinion 0 5 

Table 42. Advantages of AVRDC Chinese cabbage. 

Advantagep Retailers Wholesalers 
(N = 22) (/) (N = 34)(t) 

Drought tolerance 5 0 
Ease in management 0 3 
High yield 0 3 
Ease in taking leaves apart 9 0 
Fiber 5 0 
Large size 5 3 
Less rotten leaves 5 0 
Taste 41 3 
Appearance 0 3 
Cheaper price 36 3 
Good substitute for Chang-puh 9 15 
No opinion 0 24 
No advantage 0 29 
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Shopping Behavior of Chinese Cabbage Consumers 

Introduction 

This study was conducted to understand the reasons for the consumers' choice of Chinese
cabbage and to determine the uses of various Chinese cabbage in summer. In this paper.Chinese cabbage was classified into lowland and highland Chinese cabbage. Both AVRDC
and Chang-puh Chinese cabbages are lowland types. 

Materials and Methods 

Yung-chih Supermarket belonging to the Taipei Agricultural Products Marketing
Company was chosen for this study. Chinese cabbage was packed in plastic bags. Lowland
and highland Chinese cabbages were displayed separately on two neighboring stands of the
vegetable aisle in the supermarket. Interviews were conducted on four holidays of two 
consecutive weeks in early September 1984. Nearly all consumers who purchased Chinese
cabbage were interviewed. The analysis based on 280 consumers could reflect the ihopping
behavior of an above-average consumer in the summer. 

Results 

Of the Chinese cabbage consumers, 600 and 40% bought lowland and highland types,
respectively. Table 43 shows why consumers preferred a certain type o,'Chinese cabbage. Such 
reasons as taste, recipe consideration, and tidy appearance applied to both cabbages. Many 
consumers also pointed out that they bought highland cabbage due to custom.

In the summer season, Chinese cabbage was popularly sauteed (Table 44). LowlandChinese cabbage was commended by most cons ,rners because it was lasty when sauteed. 

Table 43. Reasons for consumers' choice for a type of
 
Chinese cabbage in summer, 1984.
 

Reason 
 Lowland Highland 
(N= 165) (%) (N= 112) (t)

Fresh and clean appearance 16 25 
Low price 0 4 
Taste 44 19 
Size 4 6 
Greenish color 2 0 
,.iape 5 6 
Tight and heavy head 1 
Less fiber 
 2 0
For trial purposes 7 2 
Custom 4 21 
Adaptability to a specific

food preparation 32 22 
Mother's advice 1 0
Good food taste when sauteed 11 3 
No opinion, no idea 7 7 
Less midribs 5 2
Crispiness for pikle 1 0 
For a change 2 6 
Ease in washing 1 1
For dumplings 0 1 
Large and mature appearance 0 1
Thick midribs 1 0
Ease in taking leaves apart 0 2 
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However, many consumers still bought highland Chinese cabbage for sauteing mainly because 
of custom and sometimes because lowland Chinese cabbage was untidy in appearance. The 
second popular kitchen use of Chinesc cabbage was boiling. Highland Chinese cabbage was 
cited as the better type for this particular recipe. 

Most shoppers were female (Table 45). Female shoppers obviously knew about the 
characteristics of Chinese cabbage better than male shoppers. The latter's ignorance in their 
choice of a certain Chinese cabbage attested to this. Most female shoppers chose Chinese 
cabbage according to taste, recipe, and freshness. 

Conclusion 

Taste, recipe, and freshness were the main reasons for the consumer's choice for a certain 
Chinese cabbage. The most important kitchen use of Chinese cabbage in the summer was 
sauteing. Lowland Chinese cabbage was favored because it tasted good when sauteed. The 
second popular use of Chinese cabbage w.s boiling. Highland Chinese cabbage was the major 
source for this particular recipe. Most shoppers were female. They were much more certain 
about the reasons for their preference of a certain Chinese cabbage than the male shoppers. 

Table 44. Uses of summer Chinese cabbage according 
to the consumers, 1984. 

Lowland Highland Total
(N = 102)(/) (N = 81) (%) (N= 183) (%) 

Sauteed 79 52 67 
Boiled 17 44 29 
Steamrrc. 2 5 3 
Raw 3 4 3 
Stewed 0 5 2 
Mixed 1 0 1 
Deep fried 0 1 1 

Table 45. Reasons for choosing a type of Chinese cabbage by sex, 1984. 

Female MaleReasons (N = 245) (0) (N = 32) (%) 

Fresh and clean appearance 19 22 
Low price 2 0 
Taste 36 16 
Size 5 3 
Greenish color 1 0 
Shape 5 6
 
Tight and heavy head 1 0 
Less fiber 1 0 
For trial purposes 5 3 
Custom 11 16 
Adaptability to a specific 

food preparation 31 6 
Mother's advice 1 0 
Good food taste when sauteed 9 0 
No opinion, no idea 3 34 
Less midribs 4 0 
Crispiness for pickle 1 0 
For a cn.inge 4 3 
Ease in washing 1 3 
For dumplings 1 0 
Large and mature appearance 0 3 
Thick midribs 1 0 
Ease in taking leaves apart 1 0 



Crop Management 
Effect of Time of Leaf-tying and 

Daminozide on Summer Chinese Cabbage 

Introduction 

It is difficult to produce headed Chinese cabbage in the lowland tropics and subtropics
in summer, unless heat-tolerant (tolerant to mean temperatures above 25C) hybrids are
cultivated. Our previous research revealed that moderately heat-tolerant varieties can form
firm heads in summer by tying the outer leaves. This summer we continued to screen new
cultivars for adaptability to leaf-tying and to evaluate the effect of daminozide (growth
retarding chemical) on head formation and yield of Chinese cabbage. 

Materials and Methods 

For the h-af-tying study, a split-plot design was used with three replications. The main
plot included six cultivars: ASVEG I, Ping-Luh, Fong-L-uh, Wen- Wu, Thai A, and Thai B.
The ';ubplot treatment was the time of leaf-tying, i.e., at 25, 30, 35, and 40 days after 
transplanting (I)AT) (Table I). The seedlings (35 days old) were transplanted on .July II and 
har.,ested on August 24, and 29. 

For the leaf-tying and chemical spray study, a split-plot design was used with three
replications. The main plot consisted of two cultivars: Ping-l-uh and Fong-lluh. The subplot
treatments comprised the control; Ieaf-tying at 30 DAT; 2000 and 4000 ppm daninozide spray
at 20, 25, and 30 DAT (Table 2). Thc seedlings (32 days old) were transplanted on July 10 
and harvested on Aurust 24, and 29. 

Table 1. Treatments in experiment 1. 
Main Plot: Cultivar Subplot: Leaf-Tying Time
 

ASVEG 1 Control (none)

Ping-Luh Leaf-tying at 25 DAT'
 
Fong-Luh Leaf-tying at 30 DAT
 
Wen-Wu Leaf-tying at 35 DAT
 
Thai A Leaf-tying at 40 DAT
 
Thai B
 

2DAT =days after transplanting.
 

Tablp 2. Treatments in exoeriment 2. 

Main Plot: Culivar Subplot: Leaf-Tying and Chemical Spray 
Ping-Luh Control (none)
Fong-Luh Leaf-tying at 30 DAT' 

Daminozide 2000 ppm at 20, 25, and 30 DAT 
Daminozide 4000 ppm at 20, 25, and 30 DAT

'DAT=days after transplanting. 
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Results 

Lcaf-tying study. The temperature during the course of the investigation ranged from
22.40 to 33.4-C. The precipitation v'as 472 mm. Since this experiment was not mulched, a 
heavy rain (110 mm) at one week after transplanting crushed the seedlings and killed some 
plants.

Leaf-tying increased the heading rate by at least 27%o for all the cultivars, except ASVEG 
I and Thai A (heat tolerant) (Table 3). Heading rate was not significantly affected by the 
time after transplanting of the leaf-tying. The leaf-tying treatment accompanied by increased 
heading rate resulted in yields either higher or significantly higher than that of the control. 
The optimum time of leaf-tying for most cultivars ranged between 35 and 40 I)AT (Table
4). However, leaf-tying should not be done before 35 days for Fong-Luh, whereas Wen-Wu 
should not be leaf-tied later than 35 DAT. 

The vegetative growth of all the cultivars was damaged seriously by heavy rain. Flood
susceptible cultivar Fong-Luh (0.403% fiber content/fresh weight) showed a much poorer 
response to early leaf-tying (before 35 DAT) than Ping. Lull (0.477% fiber content/fresh 
weight). 

Leaf-tylnig and chemical spray study. In this experiment, the seedlings were 
transplanted one day earlier (July 10) and harvested on the same day as the leaf-tying
experiment Leaf-tying and daminozide treatments significantly increased heading rate over 
that of the control for Ping-Luh but not for Fong-Luh (Table 5). There were no significant
differences in head weight among treatments for Ping-Luh, but the leaf-tying treatment 
developed the lowest head weight among the treatments for Fong-Luh. The highest marketable 
yield for P1ing-l.uh was achieved in the leaf-tying treatment, whereas none of the treatments 
significantly increased yiclI for Fong-Luh. 

Conclusion 

In a sumier Chinese cabbage trial, heading rate was significantly ii.ireased by leaf-tying
for all cuhIivars, except for the heat-tolerant ones. Fhe opti mum time for leaf-tying ranged 

Table 3. Effect of leaf-tying time on heading rate of summer Chinese cabbage, 1984.' 

Leaf-Tying Head ing Rate (oo)x ........ . .. 
(DAT)y ASVEG #1 Ping-Luh Fong-Luh Wen-Wu Thai A Thai B 
Control 66.7 b 36.3 b 296 b 30.0"b 71.6 a 44.7 b 

25 91.7 ab 66.3 a 65.0 a 69.1 a 89.7 - 74.7 a 
30 82.4 ab 87.7 a 57.1 a 87.6 a 90.4 a 77.1 a
35 96.1 a 91.2 a 70.0 a 92.7 a 98.3 a 100.0 a 
40 89.5 ab 87.4 a 81.1 a 66.9 a 85.8 a 86.4 a

zTransplanted on July 11and harve t d on Autq ;l:, ?I YDAT -days after transplanting. xMeans 
within a column followed by !!ie 3aIu, hetr ;,r riot :ijrilcarlly drlforrit at lhe 50%0level by Duncan's 
Multiple Range Ieo LIMOT) 

Table 4. Effect of leaf-tying time on marketable yield of 
summer Chinese cabbage, 1984. 

Leaf-Tying Marketable Yield (t/ha)Y
 
(DAT)- ASVEG /91 Ping-Luh Fong-Luli Wen-Wu Thai A Thai B
 
Control 5.94 a 1 /0c 2.56 b 3.67 b 
 6.64 a 4.18 b 

25 6.05 a 4.76 bc 4.84 b 4.30 b 5.80 a 5.d3 ab 
30 6.53 a 7.35 ab 4.24 b 5.56 ab 6.67 a 5.52 ab 
35 7.29 a 8.38 a 4.83 b 7.86 a 6.84 a 7.80 a 
40 7.84 a 8.05 a 8.20 a 4.63 b 6.39 a 6.65 ab


'DAT=days after transplanting YMeans within a column followed by the same letter are not
 
significantly different at the 5% level by Duncan's Multiple Range Test (DMRT). 

http:P1ing-l.uh
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between 35 to 40 DAT. Daminozide application (2000 and 4000 ppm) and leaf-tying at 30 
DAT increased heading rate of Ping-Luh greatly, but not of Fong-Luh. 

Table 5. Effect of leaf-tying timo and darninozide on heading rate, head weight, 
and marketable yield of summer Chinese cabbage, 1984. 

Heading Rate (O/o)Y Head Weight (g/head)Y Marketable Yield (t/ha)Y
Treatment 

Ping-Luh Fong-t.uh Ping-Luh Fong-Luh Ping-Luh Fong-Luh 

Control 44.9 b 80(3 a 273 a 520 ab 4.4 a 11.1 ab 
Le3f-tying at 30 DAT 98.2 a 97.6 a 387 a 387 c 10.1 a 10.2 b 
Daminozide 2000 ppm 73.9 a 90.9 a 367 a 580 a 7.5 ao 14.0 a 
Daminozide 4000 ppm 81.0 a 86.9 a 303 a 443 bc 6.6 b 10.1 b 

zTransplanted on July 10 and harvested on Augur;! 24 and 29 WMeans within a column lollowed by 
the same letter are niot srgnificantly different at the 5% level by Durican's Multiple Range Test (DMRT), 

Herbicide Screening for Transplanted Chinese Cabbage 

Introduction 

The commonly used grass herbicides for Chinese cabbage are not effective. Four new 
postemergencc grass herbicides were, therefore, included in the trials this year. 

Materials and Methods 

The experiments were conducted in spring, summer, and fall of 1984. Individual plots 
were 3 x 6 in for spring, and 1.5 x 6 x 2 in (bed) for summer and fall. Cultivar ASVEG 1 
was planted in the suin ier trial and cultivar Ping-Luh, in the spring and fall. The herbicides 
tested wcre Nitralin, )ClPA, Stomp, [urore, llloxan, Onecide, and Nabu. These were tested 
either alone or in c-,nbination with Stomp. Experiments were arranged in a randomized 
complete block design with four replications. H~crbicides were sprayed either preemergence 
(pre) or postemergence (post). 

Results 

In the spring trial, the results are shown in Table 6. Grasses werc controlled significantly 
by all the herbicide treatments. Strmp and I)CPA showed better control of broadleaf weeds 
.han the other herbicides. Broadleaf' pressure in this trial was not greatly different from that 
in an ordinary year. Nitralini controlled broadleaf weeds moderately, caused some crop injury, 
and resulted in yield loss. Furore, Illoxan, Onecide, and Nabu did not control broadleaf weeds. 
No herbicide treatlment yielded significantly lower than the weed-free check. 

RCsults of the summer trial are showit in Th'blc 7. Phytotoxicity of 1.5 kg a.i./ha furore 
was serious in the early growing stave. Furore and Illoxan, at the rates of 0.5 and 1.08, kg 
a.i./ha, respectively, damaged the plants negligibly. None of the treatments. yielded as well 
as the wced-frne check, although yields of five treatments were not significantly lower. Yields 
were depressed because none of the treatments adequately coihtrolled broadieaf weeds. 
In addition, gra!;sy weeds were poorly controlled by Stomp, Illoxan, Nabu, and Onecide at 
0.175 kg a.i.,ha. 

Results of the autumn trial are summarized in Table 8. Infestation of both grasses and 
broadleaf weeds was extremely low. Furore and Illoxan exerted severe phytotoxicity one and 
two weeks after postcrergence application. Only Furore at 1.5, and Illoxan at 0.72 and 1.08 
kg a.i./ha produced significantly lower yields than the weed-free check. 

http:Fong-t.uh
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Table 6. Chinese 	cabbage yieid and fresh weight of weeds as affected 
by herbicide application, AVRDC, spring 1984.z 

Herbicide 	 Rate & Application Yield Weed Weight at Harvnst (t/ha) Methody (kg a.i./ha) (t/ha) grassx - nutsedgew broadleafv 
Weedy check 11.87 13.75 a 0 c 2.73 cdeWeed-free check 14.93 0 b 0 c 0 eNitralin 0.75 Pre 12.55 0 b 1.88 a 1.08 cdeStomp 1.00 Pre 17.,14 0 b 0.92 abu; 0.08 eDCPA 7.50 Pre 	 16.73 1.38 b 0.45 bc 0.23 deFurore 0.50 Post 17 DAT 14.79 0 b 0.49 bc 4.69 bcFurore 1.00 Post 17 DAT 6.33 0 b 0.54 bc 7.85 abFurore 1.50 Post 17 DAT 17.53 0 b 1.16 ab 4.29 bcIlloxan 0.72 Post 17 DAT 16.97 1.24 b 1.18 ab 4.51 bcIlloxan 0.90 Post 17 DAT 15.88 0 b 0.32 bc 2.84 cde

Illoxan 1.08 Post 17 9AT 15.60 0 b 0.73 bL 1.45 cde
Onecide 0.175 Post 17 DAT 17.37 0.68 b C.98 -bc 3.72 cdeOnecide 0.35 Post 17 DAT 15.25 0 b 028 bc 4.12 bcd
Onecide 0.45 Pu:it 17 DAT 12.11 0 b 0.81 bc 4.86 bc
Nsbu 0.2 Post 1? DAT 16.71 1.70 b 0.41 bc 3.84 cdeNabu 0.I Post- 17 DA" 16.96 0 b 0.27 bc 4.61 bcNn bu 0.4 Post 17 DAT 14.42 0 b 0.58 bc 10.30 a 

LSD 5% 4.50
zCultivar Ping-Luh: seed sown on FebJary 24, transplanted on March 20, and harvested or Mai 14. 
Means within a column followed by the same letter are not significantly different at the % level byDuncan's Multiple Range Test (DMRT) YApplied preemergence (March 20) and postemergence toweeds (April 6-17 DAT) 'Eleusine indica and Echinochloa colonum. wCyperus rotundus. 'Portulaca 
oleracea, Chenopodium album and Amaranthus spp. 

Table 7. Chinese 	cabbage yield, phytote- icity, and fresh weight of weeds as affected 
by nerbicide application, AVRDC, summer 1984.z 

Rate & Weed Weight at Harvest 
Herbicide Application Injury at We (t/ha)MethodY YieldCrop Crop Weiha a 

(kg a.i./ha) (t/ha) 1 WAPA grassw broadleafv 
Weedy check 1.71 g 	 0 d 33.70 a 1.10 gh
Weed-free check 	 20.83 a 0 d 0 0 d hStomp 1.0 11.81 bcde 0 d 17.58 b 1.54 fgh

Furore 0.5 9.08 bcdef 
 12 b 0 	 d 40.11 abFurore 1.5 6.25 efg 92 a 0 d 13.09 aFurore+Stomp 0.5+1 15.48 ab 8 bc 4.73 d 2.00 fgh
Furore + Stump 1 5+ 1 9.55 bcdef 90 a 0 d 4.32 defg

hloxan 0.72 
 6.56 efg 	 0 d 13.13 bc 5.41 cdef
Illoxan 1.08 3.74 fg 	 5 bcd 13.63 bc 10.14 abIlloxan +Stomr 0.72+ 1 8.03 cdefg 0 d 6.83 cd 1.04 gh
Illoxan+Stomp 1.08+1 14.80 abc 0 d 0 d 2.18 efghOnecide 0.175 7.89 defg 0 d 14.33 bc 5.41 cdef
Opocide 0.525 9.47 bcdef 0 d 0 d 8.84 bcOnecide . Stomp 0.175+ 1 14.29 abcd 0 d 3.25 d 1.37 fgh
Onecide+ Stomp 0.525+1 15.23 ab 3 cd 2.10 d 4.14 defgNabu 	 0.2 4.16 fg 0 d 1.45 d 6.16 cde
Nabu 0.4 8.91 bcdef 0 d 3.45 d 7.92 bcd
Nabu + Stomp 0.2 + 1 10.40 bcdef 
 0 d 0 d 4.07 defgNabu - Stomp 0.4+1 14.94 ab 0 d 2.20 d 3.97 dfgh

zCultiwr ASVFG No. 1: seeds suwn on June 1, transplanted on Junri 30, and hat vested on August 15-17. 
Means within a column foilowcd by the same letter are not significantly different at the 50/ levelDuncan's Multiple Range Test (DMRT) YApplied preemergence to weeds (June 30). For treatments4 to 19. all chemicals were applied postemergence at the fourth grass I., .tage, except Stomp which 
was applied preemergence. XWAPA: week after postamergence application. wEchinochloa colonum,
EieusI'e indica and Cynodon dactylon "Portu/acaoleracea, Amaranthus spp., Eclipta prostrata, and 
Soianum nigrum. 
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Table 8. Chinese cabbage yield and fresh weight of w, eds as affected 
by herbicide application, AVRDC, fall 1984.z 

Rate & Crop Weed Weight at Harvest 
Herbicide Application Yield Injury at (t/ha)

Methody (t/ha) 1 WAPA 
w
(kg a.i./ha) (N) grass boadlealv 

Weedy check 21.06 ab 0 c 3.31 a 2.81 bcd
Weed-free check 22.37 a 0 c 0 C 0 d 
Stomp 1.0 21.47 ab 0 c 0.45 c 0.11 d 
Furore 0.5 20.04 abc 75 b 0 c 9.99 a 
Furore 1.5 12.41 d 100 a 0 c 8.80 ab
Furore i Stomp 0.5+1 19.22 abc 74 b 0 c 0.03 d 
Furore + Stomp 1.5+1 12.25 d 100 a 0 c 0.15 d 
Iloxan 0.72 15.77 cd 99 a 1.40 b 8.56 ab 
Illoxan 1.08 13.86 d 100 a 0 c 4.70 abcd
Illoxan + Stomp 0.72+1 16.77 bcd 98 a 0 c 0.08 d 
Illoxan+Stomp 1.08+1 15.49 cd 100 a 0 c 0.07 d
Onecido 0.175 22.06 a 0 c 0 c 6.79 abc
Onecide 0.525 20.54 ab 0 c 0 c 4.10 abcd 
Onecide+Stomp 0.175+1 18.8/ abc 0 c 0 c 1.07 cd
Onecide+Stomp 0.525+ 1 1967 abc 0 c 0.10 c 0.03 d
Nabu 0.2 19.48 abc 0 c 0 c 6.13 abcd 
Nabu 0.4 20.62 ab 0 c 0 c 6.95 abc 
Nabu + Stomp 0.2 -r 21.67 a1 0 c 0 c 0.38 d
Nabu +Stomp 0.4+ 1 22.39 a 0 c 0 c 0.48 d

2Culhiv, Ping-Luh: Seeds sown on Sept. 19, transplanted on Oct. 16, and harvested on Nov. 29,
Dec. 3, 7, 11. Means within a column followed by the same letter are not significantly different at the 51/6
level by Duncan's Multiple RangeTest(DMRT). vStomp was applied preemergence to weeds (Oct. 16).
For treatments 4 to 19, all other chemicais were applied poqtemergence at the four-leaf grass stage.
xWAPA: 1 week after postemergence appl!catlon. WDigitaria spp., Echinochloa colonum, Eleusine 
indica. VAmaranthus spp., Chenopodium album, Sofanum nigrum, Protulaca oleracea. 

Conclusion 

Furore and Illoxan produced serious phytotoxicity in Chinese cabbage during the dry

season, and their residual effects lasted two to three weeks; therefore, Furore and Illoxan

should rot be used in the dry season. Furore, Onecide, and Nabu generally controlled grass
weeds, bit not broadleaf weeds, in all seasons. Illoxan provided poor grass and broadleaf
control. The combination of Furore, lFlcxan, Cnecide, and Nabu with Stomp increased the
control of broadleaf weeds, however. In the Chinese cabbage summer trial, all the combined 
treatments with Stcmp yielded better than "hose applied alone. 

Damage due to weed infestation can )e minimized with healthy seedlin, and a quick
establishment of plant canopy. So in sumrmer, strong and well-nourished seedlings should be
transplanted to the field, to enable them to compete with weeds in the initial growth stage. 

Herbicide Screening for Transplanted Tomato 
Introduction 

Metribuzin is generally considered to be the most effective herbicide for both grass and 
broadleaf weed control in spring and autumn tomato. However, with heavy or successive
rainfall, Metribuzin is easily washed away; and the grasses grow again to compete with tomato 
for nutrients and light at the later growth stages.

Four postemergence grass killers (Furore, llloxan, Onecide, and Nabu) were applied
alone or in combination with Metribuzin in the spring and summer in an attempt to find 
more effective tomato grass control for tomato. 
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Materials and Methods 

Two experiments were conducted in spring and summer to find the most effective
herbicide combination for transplanted tomato. A randomized complete block design with 
four and three replications for the spring and summer trials, respectively, was used.

Tainan No. 2 was transplanted on March 2, and AVRDC breeding line CL5915-153
(G) D 4-3-2 *was planted on July 3. The spring trial consisted of three rows of tomato on 
a 3.6 x 6 m flat bed with a spacing of 1.2 m between rows and 0.4 m between plants. Plots 
were separated by 0.5 m furrows and 1.5 ni walkways. The summer trial consisted of single
rows of 15 tomato plants 40 cm apart on I x6 m raised beds. Plots were separate by one
skipped bed, by 0.5 m furrows, and by 1.5 m walkways. Water was supplied by furrow
irrigation. Hlrbicides were sprayed either preemergence or postemergence. Details of each 
experiment are shown in Tables 9 and 10. 

Results 

Spring trial. Metribuzin applied postemergence at 19 DAT inflicted serious injury on 
tomato plants. The ratios of injured plants to total plants were 98, 99, and 44°7o at one, two,
and four weeks after application, respectively. Applied postemergence at 11 DAT, Metribuzin
resulted in moderate damage to tomato plants, and as the time passed the extent of the damage
decreased to 10, 9, and 2% at one, two, and four weeks after application. The other herbicides
did not injure the plants. Metribuzin controlled broadleaf weeds regardless of the time of 
its application, and grasses at 19 DAT. 

The highest tomato yield (21.4 t/ha) was obtained with the preemergence application
of Metribuzin (Table 9). Although Furore, Illoxan, Onecide, and Nabu resulted in significant
grass control, the tomato yields obtained were much lower than that of the weed-free check.
This ,as because these herbicides could not control broadleaf weeds sufficiently. 

Table 9. Tomato yield and flesh weight of weeds as affected 
by herbicide application, AVRDC, spring 1984z 

Herbicide 	 Rate & Application Total Fresh Weight of Weeds 
Methody (kg a.i./ha) 	 Fruit (t/ha)

Yield grassx broadleafW 
Weedy check 5.2 d 15.00 b 10.44 ab 
Weed-free check 17.9 a 0 c 0 b
Metribuzin 0.75 Pre 	 21.4 a 24.30 a 0.63 b
Metribuzin 0.75 Post 19 DAT 12.5 bc 3.78 c 0.17 b 
Furore 0.50 Post 19 DAT 8.4 cd 0 c 22.98 a
Furore 	 1.00 Post 19 DAT 8.0 cd 0 c 25.13 a
Furore 	 1.50 Post 19 DAT 8.6 cd 0 c 28.69 a
Illoxan 	 0.72 Post 19 DAT 6.6 d 1.30 c 26.24 a 
Illoxan 	 0.90 Post 19 DAT 4.9 d 0.45 c 22.17 a 
Illoxan 	 1.08 Post 19 DAT 4.5 d 0.10 c 25.75 a 
Onecide 	 0.175 Post 19 DAT 5.4 d 0.38 c 22.87 a
Onecide 	 0.35 Post 19 DAT 5.2 d 0 c 28.76 a 
Onecide 	 0.45 Post 19 DAT 5.1 d 0 C 19.23 a
Nabu 	 0.2 Post 19 DAT 4.3 d 0 c 17.18 ab 
Nabu 	 0.3 Post 19 DAT 7.1 cd 0 c 19.98 a
Nabu 	 0.4 Post 19 DAT 5.9 d 0 c 28.30 a
Metribuzin 	 0.75 Post 11 DAT 17.4 ab 8.25 be 0 b

zTransplanted on March 2 and harvested on May 7, 16, and 25. Means within a column followed by
 
the same letter are not sigrificantly different at 
 the 5% level by Duncan's Multiple Range Test(DMRT).

YApplied preemergence (March 2)and posteme;gence to weeds (March 21, 19 DAT). For treatments 4 to
 
16, all chemicals were applied posremergence 19 days after transplanting at the fourth leaf stage of grass

weeds. 'Eleusine indica, Echinochloa colonum, Parpalum distichum, Digitaria spp. wAlnaranthus
 
spp., Chenopodium album, solanur nigrum, Portulaca.oleracea.
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Summer trial. Heavy rain (65 mam) occurred three hours after the application ofMetribuzin as preemergence herbicide. During the 76-day growing period, the precipitationwas 741 mm. The low yield in this trial was attributed to heavy rain damage to the youngplants, the death of plants, and the washing away of heibicides applied, which resulted in 
moderate to high weed pressure.

Tomatoes were moderateiy injured by Metribuzin applied postenergence at 10 days aftertransplanting and by Onecide (0.525 kg a.i./ha) plus Metribuzin at preemergence, andnegligibly or erratically by Illoxan and Nabu (data not presented). All treatments yielded
significantly lower than the weed-free check (Table 10). 

Conclusion 
In spring tomato, broadleaf weeds should be controlled to obtain high yield. Four grasskillers effectively suppressed grass growth, but had no effect on broadleaf weeds; hence, theyshould be used together with Metribuzin which worked well on the latter. For the rainy summer season, herbicides tolerant to erosion and leaching should be used, since heavy and successiverainfall washes away the herbicides, brings about weed growth again, and results in yield loss.Future research is needed on herbicide stability in the rainy season. 

Effect of Spacing on Growth and Yield of Tomato 
Introduction 

Tainan No. 2 was the first tomato variety released to Taiwan farmers from AVRDC.Farmers adopted narrower spacing than the recommended AVRDC cultural practice.The nurpose of this project was to determine the best plant spacing for this tomato cultivar. 
Table 10. Tomato yield and fresh weight of weeds as affected
 

by herbicide application, AVRDC, summer 1984.z
 
Herbicide, Rate 
 Total Weight of Weeds (t/ha)

(kg a.i./ha) and 
 Fruit
Application Methody Yield Grassx Nutsedgew Broadleafv 
Weedy check 0.32 c 22.13 ab 0 f 0 cWeed-free check 5.75 a 0 f 0 f 0 cMetribuzin 0.75 (Pre) 1.57 bc 21.23 ab 0.87 ef 0 cMetribuzin 0.75 (Post) 1.35 c 15.37 a-d 2.43 def 0 cFurore 0.5 1.28 c 2.10 ef 7.87 a 2.10 bcFurore 1.5 0.94 c 0 f 6.90 ab 5.70 bFurore 0.5+Metribuzin 0.75 1.62 bc 14.87 a-d 3.10 b-f 0 CFurore 1.5 . Metribuzin 0.75 2.35 bc 4.93 def 5.37 a-d 0.96 bcIlloxan 0.72 0.82 c 10.33 c-f 2.80 c-f 3.87 bcIlloxan 1.08 1.01 c 2.23 ef 7.47 a 3.37 bcIttoxan 0.72+Metribuzin 0.75 3.56 b 9.53 c-f 4.10 a-e 0.03 cIlloxan 1.08 +Metribuzin 0.75 1.92 bc 5.53 def 6.37 abc 2.23 bcOnecide 0.175 0.78 c 12.60 b-e 3.33 b-f 1.73 bcOnecide 0.525 0.63 c 2.27 of 3.47 b-f 16.93 aOnecioe 0.175+Metribuzin 0.75 1.49 bc 5.13 def 5.10 a-d 2.00 bcOnecide 0.525+Metribuzin 0.75 2.18 bc 5.13 def 5.57 a-d 0.30 bcNabu 0.2 0.96 c 24.87 a 0 f 1.03 bcNabu 0.4 0.93 c 8.07 def 2.40 def 3.93 bcNabu 0.2+ Metribuzin 0.75 1.46 bc 10.43 c-f 4.27 a-e 0 cNabu 0.4 +Metribuzin 0.75 1.82 bc 20.00 abc 2.17 def'Transplanted on Ju:y 3, and harvested on September 7, 14, 

0 c 
17. Means within a column followed by the
 

same letter a:3 not signiflcantly different at the 5% ievel by Duncan's Multiple 
 Range Test (DMRT).YApplied preemeigence (July 3) and postemergence to weeds (July 13). For treatments 5 to 20, all
chemicals were applied postemergence 
at the four-leaf grass stage, except Metribuzin which was appliedpreemergence. XEleusine indica, Digitaria spp., Echinochloa colonum. wCyperus rotundus.VAmaranthus spp., Portulaca oleracea. 
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Materials and Methods 

A split-plot design with four replications was used. Main plots consisted of three spacings 
between rows - 1.0, 1.2, and 1.5 m-and the subplots had three spacings between plants -0.3, 
0.4, and 0.5 m (Table 11). Seedlings were transplanted oil March 1 after 37 days. 

Results 

Yield was significantly affected by the spacing between rows (Table 12). The yield 
decreased as the spacing between plants increased from 0.3 to 0.5 m (from 29.6 t/ha to 26.6 
t/ha). Yield difference was attributed to fruit number per unit area. This means that the plant
population was too low. Fruit size was not affected by spacing between rows. 

Conclusion 

The combined spacings of 1.5 in between rows and 0.4 and 0.5 in between plants showed 
the lowest yield. The population density of Tainan No. 2 should be more than 16,600 plants/ha, 
thus, the 1.2 x 0.4 in space is recommended. 

Table 11. Treatments. 

Treatment Spacing Spacing Populationbetween Row (m) between Plants (m) per hectare 

1 1.0 0.3 33,333 
2 1.0 0.4 25,000 
3 1.0 0.5 20,000 
4 1.2 0.3 27,777 
5 1.2 0.4 20,833 
6 1.2 0.5 16,666 
7 1.5 0.3 22,222 
8 1.5 0.4 16,666 
9 1.5 0.5 13,333 

Table 12. Effect of spacing on mature fruit yield of spring tomato, 1984.z 

Spacing between Spacing between Plants (m)y Mean 
Rows (m) 0.3 0.4 0.5 

-------------------- -- ----- tlha - - -- ----- -------- -
1.0 29.1 31.6 28.7 29.8 
1.2 29.7 31.5 28.6 29.9 
1.5 29.9 24.0* 22.5* 25.5 
Mean 29.6 29.0 26.6 

ZSeeds sown on January 24, transplanted on March 1,and harvested on May 7, 16, and 24. YNumbers 
in the same column followed by an asterisk are significantly different from the 1.5 x0.3 m spacing 
combination by the 5% LSD test. Main factor (spacing between rows)= NS. Sub-factor (spacing between 
plants) = 2.81. 

Effect of Population Density and Row Spacing 
on Soybean Yield 

Introduction 

Recent research on row width and plant density has generally shown that soybean has 
a remarkable ability to compensate for wide differences in seeding rate, and that yield increases 
can be achieved by narrowing row width. These studies have been conducted mostly in the 
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USA with cultivars developed there. The objective of this study was to clarify the effects of row spacing and plant population density on the performance of AVRDC soybean selection 
AGS19. 

-Materials and Methods 

A field experiment employing the split-plo: t'csign with four replications was conductedin spring 1984. The main plot consisted of two interrow spacings (25 and 50 cm), and subplotsof five population densities (200,000, 400,000, 600,000, 800,000, 1,000,000 plants/ha).Individual plots were 2 x 6 m in size. To obtain tine desired population densities, an excessof AGSi9 seeds were sown, and thinned 23 days after planting (DAP). Applied as basalfertilizers were N (20 kg/ha), P20 5 (10b kg/ha), and K,O (100 kg/ha). At flowering, anadditional 20 kg N/ha was side-dressed. Soybeans were harvested 126 DAP on June 11, 1984. 

Results 

The results are presented in Table 13. These data show that plant height and seed weightsignificantly increased with the increase in population density. A higher population resultedin less branches and pods per plant. Seed number per pod was not affected greatly by plantpopulation, although the highest population gave the lowest seed number. Although the lowestyield was obtained from the highest population of 1,000,000 plants/ha, soybean yield wasnot affected significantly by population density. Row spacing also did not have any significanteffect on yield and the yield components of soybean, but plant height was increased witha wider row width. There was a significant negative correlation between plant height and pod
number. A high population seemed to cause lodging. 

Table 13. Plant height, yield components, and yield of soybean as affected 
by plant population and row spacing, spring 1984. z
 

Treatment 
 Plant Height Branch Pod Seed 100-Seed Wt Yield 
at 50 DAP (cm) (no./plant) (no./plant) Wi (g) (t/ha) 

Population (plants/ha) 
200,000 19.8 c 2.6 a 41.0 a 2.24 a 19.3 c 3.51 a
400,000 23.8 b 1.5 23.6 bb 2.26 a 20.3 bc 3.63 a
600,000 25.1 b 0.7 c 17.6 c 2.16 ab 20.6 abc 3.71 a
800,000 28.2 a 0.5 c 15.3 cd 2.21 a 21.8 ab 3.67 a1,000,000 28.2 a 0.4 c 13.1 d 2.07 b 22.1 a 3.40 a 

Row Spacing (cm) 
25 23.8 b 1.2 a 22.5 a 2.14 a 21.1 a 3.72 a
50 26.2 a 1.1 a 21.7 a 2.23 a 20.6 a 3.46 a
 

'Means within 
 a column followed by the same letter are not significantly different at the 5% level by
Duncan's Multiple Range Test (DMRT). 

Conclusion 

The results indicated that soybean plants compensated for low plant density by increasing
branches and pod number per plant. Thus, the yield remained relatively constant over a widerange of plant populations. Row spacing also had no significant effect on grain yield. Theplant density of 400,000 plants/ha is recommended to avoid a great decrease in plantpopulation during an unfavorable climate in the growing season. A plant spacing of 25 cmbetween rows would be profitable for AGSI9. 
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Herbicide Evaluation for Soybean 

Introduction 

Recently, many preemergence herbicides have been screened and their usefulness for 
soybean weed control confirmed. However, there is a dearth of information on these herbicides 
at AVRDC. This year four postemergence herbicides, (Furore, Illoxan, Onecide, and Nabu) 
were tested in summer. Metolachlor and Oxyfluorfen (preemergence herbicides) were also 
included for comparison. 

Materials and Methods 

A field trial %-.sccnductcd in summer 1984. Individual plots were 2 x 6 m in size. The 
soybean cultivar A(iS19 was planted at a spacing of 10 and 25 cm between hills and between 
rows, respectively. elrbicides tested were Metolachlor, Furore, Illoxan, Onecide, and Nabu 
(alone or in combination with Oxyfluorfen). Metolachlor and Oxyfluorfen were applied to 
the soil surface immediately after planting; whereas Furore, Illoxan, Onicide, and Nabu were 
used postemergence at the four-leaf grass stage. Treatments were replicated three times in 
a randomized complete block design. Prior to sowing, fertilizers were applied at the rate of 
20, 80, and 100 kg/ha of N, P1,05 , and KO, respectively. Additional N (20 kg/ha) was side
dressed at flowering. 

Results 

Grasses wete the major weeds during the summer trial (Table 14). A yield loss of 61% 
resulted when weeds were left unchecked for the entire growing season. Since infestation of 
broadleaf weeds was low, the effectiveness of Oxyfluorfen in controlling them was not 
confirmed. The dominant grassy weeds were jungle rice and goose grass, and they were 

Table 14. Influence of herbicide treatments on weed density, summer 1984.1 

Rate Weed Count 50 OAP (no./m 2)y 
Herbicide (kg a.i./ha) G BL PN R 

Weedy check -- 168 a 12 a-e 26 bc 27 a 
Weed-free check - 0 e 0 e 0 c 0 a 
Metolachlor 2.0 4 e 0 e 18 bc 17 a 
Metolachlor+Oxyfluorfen 2.0 +0.115 1 e 3 de 13 bc 18 a 
Furore 0.5 1 e 17 a-e 48 abc 41 a 

1.5 0 e 27 a 81 a 21 a 
Furore+Oxyfluorfen 0.5 +0.115 0 e 17 a-e 27 bc 42 a 

1.5 +0.115 0 e 8 b-e 28 bc 43 a 
Illoxan 0.72 53 cd 8 b-e 23 bc 49 a 

1.08 19 de 11 a-e 47 abc 34 a 
IIloxan+Oxyfliiorfen 0.72 4-0 115 5 e 5 cde 80 a 46 a 

1.08 40.115 6 ) 8 b-e 40 abc 32 a 
Onecide 0.175 87 L, 14 a-e 19 bc 37 a 

0.45 17 de 18 a-d 39 abc 38 a 
Onecide + Oxyfluorfen 0.175 +0.115 16 de 3 de 28 bc 62 a 

0.45 +0.115 3 e 8 b-e 58 ab 20 a 
Nabu 0.2 109 b 17 a-e 25 bc 28 a 

0.4 22 do 23 abc 49 abc 24 a 
Nabu+Oxyfluorfen 0.2 +0.115 33 de 3 de 29 bc 26 a 

0.4 +0.115 8 e 24 ab 64 ab 24 a 
'Means within a column followed by the same letter a'e not signiicatilly dilerent at the 5% level by 
Duncan's Multiple Range lesI(DMRT) YG -:grass. BL - broadleal, PN -- purple nutsedge. R rice. 
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controlled satisfactorily by all the herbicide treatments, except Illoxan at 0.72 kg/ha, Onecide 
at 0.175 kg/ha, and Nabu at 0.2 kg/ha.

Volunteer rice and purple nutsedge grew in the field, but were not affected by herbicide 
treatments. The soybean crop was damaged by a high Furore rate in the early growth stage,
but it recovered rapidly as the growth stage advanced; hence, no yield reduction was observed(Table 15). Both Oxyfluorfen and Illoxan also caused slight phytotoxicity. All herbi-cide-treated
plants (except with Illoxan at 0.72 kg/ha and Onecide at 0.175 kg/ha) yielded as high as the
weed-free check. Better weed control gave higher numbers of pods per plant. 

Conclusion 

Furore was phytotoxic at 1.5 kg/ha. Postemergence application of Furore, Nabu, a highrate of Illoxan and Onecide, or oreemergence application of Metolachlor provided adequ':e
weed control in summer when the infestation of broadleaf weeds was relatively low. The
combination of Oxyfluorfen and a low rate of llloxu or Onecide was also effective. 

Table 15. Effect of herbicides on grass density, yield, 
and pod number of soybean, summer 1984.z 

Herbicide Rate Yield Grass Pod 
(kg a.i./ha) (t/ha) (no./M 2) (no./plant) 

Weedy check 1.47 0 168 a 12.6 d
Weed-free check - 3.77 a 0 e 26.7 abMetolachlor 2.0 3.83 a 4 e 28.1 a
Metolachlor+Oxyfluorfen 2.0 +0.115 3.73 ab 1 e 28.5 a
Furore 0.5 3.85 a 1 e 26.9 'ab 

1.5 3.61 ab 0 e 23.7 abc
Furore+Oxyfluorfen 0.5 +0.115 3.78 a 0 e 26.5 ab 

1.5 +0.115 3.65 ab 0 e 25.9 abc
Iloxan 0.72 2.98 bc 53 cd 20.5 c 

1.08 3.79 a 19 de 26.5 ab
Illoxan+ Oxyfluorfen 0.72 +0.115 3.83 a 5 e 26.8 ab 

1.08 +0.115 3.92 a 6 e 29.0 aOnecide 0.175 2.80 c 87 bc 21.6 bc 
0.45 3.69 ab 17 de 27.0 abOnecide +Oxyfluorf-i 0.175 + 0.115 3.75 ab 16 de 24.2 abc 

0.45 +0.115 a3.84 a 3 e 28.5
Nabu 0.2 3.32 abc 109 b 23.8 abo 

0.4 3.50 abc 22 de 23.4 abcNabu+Oxyfluorfen 0.2 +0.115 3.34 abc 33 de 26.8 ab 
0.4 +0.115 3.79 a 8 e 26.6 ab 

'Means within a column followed by the same teller are not significanlly different al Ihe 5% level by 
Duncan's Multiple Range Test(DMRT). 

Herbicide Evaluation for Mungbean 

Introduction 

Weed infestatiun often causes severe yield reduction in mungbean. Manual weeding
operations are time-consuming and labor-intensive. Hence, the use of herbicides may be
profitable. Previous herbicide trials were mostly on preemergence herbicides. This study was
aimed at evaluating the effect of postemergence herbicides (Furore, Illoxan, Onecide, and
Nabu) oil mungbean grown during the summer season. Metolachlor and Oxyfluorfen
(preemergence) were included for comparison. 
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Materials and Methods 

A field study was carried out in summer 1984. The experimental design was a randomized
complete block with three replications. Plot size was 2 x 6 m with eight rows of mungbeanspaced 25 cm apart between rows and 10 cm within rows. The herbicides tested wereMetolachlor, Furore, Illoxan, Onecide, and Nabu (alone or in combination with Oxyfluorftn).Both Metolachlor and Oxyfluorfen were applied preemergence; while Furore, Illoxan, Onecide,and Nabu were applied postemergence at the four-leaf grass stage. The mungbean breeding
line VC1973A was used as the test crop. 

Results 

Jungle rice, goose grass and purple nutsedge were the major weeds during the summerseason (Table 16). Yield loss due to weed infestation was about 55%. Purple nutsedge couldnot be controlled by any herbicide treatment. Grasses were effectively controlled by allherbicide treatments, except Onecide at 0.175 kg/ha and Nabu at 0.2 kg/ha, with or withoutOxyfluorfen. Crop injuries were found on young mungbean plants in the plots treated withOxyfluorfen and Furore; the damage was much more severe with Furore. However, both ofthem gave no yield reduction as compared with that of the weed-free check. All treatments,except a single application of Illoxan at 0.72 kg/ha, Onecide at 0.175 kg/ha, and Nabu at0.2 kg/ha, yielded higher than the weedy check and as high as the weed-free check.Plant stand was slightly lower than the weed free check only in the Onecide (0.175 kg/ha)and Nabu (0.2 kg/ha) plots ('Fable 17). Also, there were no significant differences between any of the treatments with regard to pod number per plant. 

Table 16. Effect (f herbicides on mungbean seed yield
 
and weed density, summer 1984.-


Herbicide 
 Rate Yield Weed Count 50 DAP (no./m 2)y 
(kg a.i./ha) (t/ha) G BL Pn R

Weedy check - 0.93 d 137 a 17 bc 38 cde 0 cWeed-free check - 2.05 a 0 d 0 d 0 e 0 c
Metolachlor 2.0 1.99 ab 0 d 4 cd 28 de 5 cMetolachlor+Oxyfluorfen 2.0 +0.115 1.90 ab 1 d 12 bcd 28 de 3 cFurore 0.5 1.77 ab 2 d 33 a 70 a-d 7 bc 

1.5 1.92 ab 0 d 21 ab 97 abc 8 bcFurore+Oxyfluorfen 0.5 +0.115 2.00 ab 0 d 14 bcd 83 a-d 5 c 
1.5 +0.115 1.91 ab 2 d 12 bcd 98 ab 7 bcIlloxan 0.72 1.52 bc 28 cd 19 abc 67 a-d 13 abc 

1.08 1.71 ab 28 cd 18 bc 58 a-e 10 bcIlloxan+Oxyfluorfen 0.72 +0.115 1.98 ab 2 d 4 cd 64 a-d 26 a 
1.08 +0.115 1.97 ab 3 d 10 bcd 51 a-e 8 bcOnecide 0.175 1.04 d 133 a 22 ab 45 a-e 8 bc 

0.45 1.90 ab 23 cd 14 bcd 103 a 8 bcOnecide+Oyyfluorfen 0.175+0.115 1.64 abc 32 cd 12 bcd 38 cde 11 bc 
0.45 +0.115 1.75 ab 3 d 12 bcd 53 a-e 2 cNabu 0.2 1.17 cd 91 b 21 ab 39 b-e 2 c 

0.4 1.92 ab 9 cd 23 ab 65 a-d 14 abcNabu+Oxyfluorfen 0.2 +0.115 1.77 ab 50 c 13 bcd 66 a-d 12 bc 
0.4 +0.115 2.04 ab 7 cd 15 bcd 56 a-e 20 ab


'Means within a columfl followed by the same letter are not significantly different at the 5% level by
Duncan's Mulliple Range Test(DMRT). YG =grass; 13L -broadleaf: PN =purple nulsedge; R rice.
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Table 17. Effect of herbicides 
and pod number of mungbean, 

Herbicide 

Weedy check 
Weed-free check 
Metolachlor 
Metolachlor+Oxyfluorfen 
Furcre 
Furore+Oxyfluorfen 

Itloxan 

Illoxan+Oxyfluorfen 

Onecide 

Onecide +Oxyfluorfen 

Nabu 

Nabu+Oxyfluorfen 

Rate 

(kg a.i./ha) 
-

-
2.0 

2.0 +0.115 
0.5 

0.5 +0.115 
1.5 +0.115 

0.72 
1.08 

0.72 +0.115 
1.08 +0.115 

0.175 
0.45 

0.175 + 0.115 
0.45 +0.115 

0.2 
0.4 

0.2 +0.115 
0.4 +0.115 

on plant stand 
summer 1984.z 

Plant Stand Pod 
(no./m 2) (no./plant) 
30.6 de 6.4 a 
36.1 abc 13.2 a 
36.4 abc 11.0 a 
32.3 cde 9.8 a 
35.7 abc 7.8 a 
34.9 aoc 10.2 a 
34.6 a-d 11.1 a 
36.3 abc 9.5 a 
34.5 a-d 8.2 a 
36.9 ab 11.9 a 
34.5 a-d 13.3 a 
29.8 e 6.6 a 
36.0 abc 9.8 a 
32.9 b-e 12.0 a 
32.4 cde 10.7 a 
30.1 e 8.5 a 
35.3 abc 12.3 a 
34.7 abc 10.8 a 
37.2 a 11.3 a'Means within a column followed by the same letter are not significantly different at the 5% level by 

Duncan's Multiple Range Test (DMRT). 

Conclusion 

A single application of Oxyfluorfen and Furore caused crop injuries, but did not affect
mungbean yield. A posternergence application of Furore, or a high rate of Illoxan, Onecide, 
or Nabu, as well as a preemergence application of Metolachlor, was effective in controlling
heavy grass infestations in mungbean during the summer season. 



Garden Program 

The AVRDC garden program aims to increase nutritional status and income of the people
through research, development, training, and extension of school, home, and market garden
technologies. In the first year efforts were concentrated on findin- out which crops would 
give maximum yield and a significant output of selected nutrients. The second year "fine
tuned" some of the garden technologies.

The third year continued garden technology development, incorporated it into the 
AVRI)C training program, and transferred the technolog, to Thailand. In Thailand in-country
garden research was conducted at AVRDC's Thailand Outreach Program (AVRDC/TOP),
and a village-level socioeconomic study of gardens was initiated among a group of small-farm 
families. Each year few more promising crops, now totalling 57 (Table I, see next page), 
were added to the garden activities, their selection reflecting the seasonal pattern of the 
AVRDC environment (Fig. 1). 

Jun-Aug.
 
(hol-wet) Fg 1
 

(cool-we) 

(cool-wet) (hot-dry) Seasonal pattern of AVRDC gardens,
 
Mar- MaySetNo Sepf-Nov. Fig. 1. 

Taiwan. 

Dec.- Feb.
 
(cool-dry)
 

School Garden 

Introduction 

Schoolchildren need energy and body-building protein food to meet the demands of their 
growing bodies. In addition, they require vitamins and minerals, which vegetables can provide.
A small amount of cooked vegetables added to rice-box lunches that many children bring 
to school in Southeast Asia could significantly contribute to a child's daily needs for certain 
vitamins and minerals. The objective of this project is to develop a garden that can be grown
in school to provide 1/2 cup (approximately 113 g edible portion) of nutritious vegetables 
to a minimum of 100 children, five clays per week throughout the school year. 

Materials and Methods 

Four "seasonal" gardens were planted, from December 1983 through November 1984,
in a 10x 18 m plot consisting of twelve raised beds (10 ix 1.5 m x24 cm). A commercial 
basal fertilizer was applied when the beds were constructed, and compost was applied thereafter 



Common Name 
1. Amaranth 
2. Basil 
3. Bitter gourd (Balsam pear) 
4. Bottle gourd 

5. Broccoli 
6. Cabbage 
7. Carrot 
8. Cassava 

9. Cauliflower 
10. 	 Celery 
11. 	 Cherry radish 
12. 	 Chinese cabbage 

13. 	 Chinese leek 
14. 	 Ching-chiang pai-tsai 

(spoon cabbage) 
15. 	 Coriander 

16. 	 Corn17. 	 Cowpea 

18. 	Cucumber 
19. 	 Eggplant 

20. 	Garland chrysanthemum 
21. 	 Garlic 
22. 	Ginger 
23. 	 Hot pepper (bird chillies, 

cherry capsicum) 

24. 	 Hyacinth bean 
25. 	 Ipil-ipil 
26. 	 Kale 
27. 	 Kang kong 

(water convolvulus) 
28. 	 Kohlrabi 
29. 	 Leaf beet 

Table 1. The 57 crops grown in the AVRDC gardens, 1983-84. 
Scientific Name 

Amaranthus mangostanus L. 
Ocimum basilicum 
Momordica charantia 
Lagenaria siceraria 

Brassica o!eracea var. italica 
Brassica oleracea var. capitata 
Caucus carota var. sativa 
Manihot esculenta 

Brassica oleracea var. botrytis 
Apium graveolens 
Raphanus sativus 
Brassica campestris ssp. pekinensis 

Allium odorum 
Bras3ica campestris var. chinensis 

Coriandrum sativum 

Zea maysVigna unguiculata subsp. unguiculata 

Cucumis sativus 
Solanum melongena 

Chrysanthemum coronarium 
Allium sativum 
Zingiber officinale 
Capsicum frutescens 

Dolichos lablab 
Leucaena leucocephala 
Brassica oleracea var. acephala 
Ipomoea aquaticE 

Brassica oleracea var. gongylodes 
Beta vulgaris 

Common Name 
30. 	Lemon grass (citronella 

grass,geronium grass)
31. 	 Lettuce 
32. 	Malunggay 

33. 	Mango 
34. 	Mungbean 
35. 	 Mustard 
36. 	Okra 

37. 	 Pai-tsai 
38. 	Papaya 
39. 	Peanut 
40. 	Pumpkin 

41. 	 Radish 
42. 	Rape green 
43. 	Shallot 
44. 	 Snake gourd 

45. Snap bean46. 	 Snow pea 

47. 	Spinach 
48. 	 Sponge gourd 

49. 	Sweet corn 
50. 	Sweet pepper 
51. 	 Sweet potato tips 

(leaves) 
52. 	Taro 

53. Tomato 
54. 	Vegetable soybean 
55. 	Welsh onion 
56. 	Winged bean 

57. Yard-long bean 
(asparagus bean, pea bean) 

Scientific Name 
Cymbopogon citratus 

Lactuca sativa
 
Moringa oleifera
 

Mangifera indica 
Vigna radiata
 
Brassica juncea
 
Hibiscus esculentus
 

Brassica ca'npestris Chin.
 
Carica papaya
 
Arachis hypogaea >
 
Cucurbita moschata
 

Raphanus sativus
 
Brassica napus
 
Allium ascalonicum
 
Trichosanthes cucumenlia
 

Phaseulus vulgaris
Pisum sativum 


Spinacia oleracea
 
Luffa cylindrica
 

Zea mays L.
 
Capsicum annuum
 
/pomoea batatas
 

Colocasia esculenta
 

Lycopersicon esculentum
 
Glycine max.
 
Allium fistulosum
 
Psophocarpus tetragonolobus
 

Vigna unguiculata var. 
sesquipedalis 

0 
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throughout the year. The choice of vegetables grown was based on seasonal adaptability,cultural acceptability, and nutritional value. Low-input agricultural procedures were practiced
with minimum use of pesticides. Where possible, hand weeding and hand pest control were
practiced. Screening was also used over the beds to control airboi insects- during tile early 
stages of crop growth.

Edible yielo was recorded for each vegetable in each planting period. The vegetables
were also analyzed for their content of protein, calcium, iron, and vitamins A and C. The 
contribution that 1/2 cup of vegetables would make to the daily recommended dietary
allowance (RDA) of an average 10-year-old schoul child was also calculated. 

Results 

The yield and nutritional composition of vegetables in the school garden are shown inTables 2 to 5. During the complete year the school garden produced an average of 16.09
kg of nutritious, culturally acceptable vegetables per day. Significant amounts of protein, iron,
calcium, and Vitamins A and C were contained in the 16.09 kg (Table 6). The 1/2 cup portion
can contribute significantly to the daily diet of a ten-year-old schoolchild, especially in iron 
and Vitamins A and C (Table 7). 

Conclusion 

A 10 x 18 in school garden can provide 142 children with 1/2 cup of vegetables per day.Garden size can be expanded or contracted to better reflect a school population size. During
long school vacations the gardens can be turned into food for the community, or their harvests 
can be sold and turned into income for the school. 

Home Garden 

Introduction 

Vegetables, especially the green leafy types, contain nutrients (e. g., protein, calcium,
iron, and Vitamins A and C) that are lacking in the diets of many people in Southeast Asia
and other parts of the world. Home gardens were developed at AVRDC for Indonesia, the
Philippines, and Thailand, for urban homes, and for Vitamin A content.

The objective of this project was to develop small home gardens that contain an intercrop
of nutritious vegetables (and a few fruits) which are culturally acceptable in Southeast Asia,
and can provide a family of five (two adults and three children) with reasonable percentages
of their RDA of calcium, iron, Vitamins A and C, plus measurable amounts of protein. Tile
protein yield from the gardens was not expected to be high, but tile protein quality from
dark, green, leafy vegetables is good and can enhance uptake of other nutrients. 

Materials and Methods 

In the Indonesia, Thailand, Philippines, and Vitamin A gardens, a culturally acceptable
intercrop of vegetables and a few fruits was planted in 4x4.5 m plots consisting of three
raised beds (4 in x 1.5 in x 25 cm) per plot. H-erbs and spices (e.g., coriander, lemon grass,
garlic, shallot,hot pepper, ginger) were planted around the edges of garden beds. As with
the school garden,each type of home garden was planted four times during the year in response
to the slight seasonal changes in the AVRDC environment. 

A smaller selection of crops was planted in the urban home garden. The crops were
planted in eight wooden boxes, 115 x 35 x 15 2 

2 cn. The area of each box was 0.4 m or a totalof 3.2 m .Boxes were stacked in step-wise fashion on a metal frame to receive equal and 
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maximum sunlight. Crops were replanted after each harvest, with each box planted five to 
eight times during the year. Compost was used as the main source of fertilizer. 

Low-input agricultural procedures were practiced in all gardens, such as hand weeding,
manual insect removal, rice-straw mulch, and plastic screening of beds or boxes during the 
early growth stages to protect the crops from insect damage. During the seasonal growing
periods, data were collected on the yield of each crop in each garden. Samples of each crop 
were analyzed for protein, calcium, iron, and Vitamins A and C. The RDA for a family of 
five was obtained from literature (Table 8), and from these data the RDA percentage available 
to a family of five was determined from each crop and for each garden. 

Results 

The yield and nutritional composition of the crops grown in representative seasonal 
gardens are shown for the Indonesia (Tables 9 to 12), Thailand (Tables 13 to 16), Philippines
(Tables 17 to 20), and Vitamin A gardens (Tables 21 to 24). Mean contribution of the four 
seasons of each type of garden is summnlarized in Table 25. The output of all of the gardens
in all seasons was good this yeaf. Daily harvests were kept between 0.85 and 1.0 kg per day,
resulting in more uniform nutritional outputs during the year. Normally low yields during
the hot and wet seasons were raised by increasing the variety of crops grown during the period. 

The yield of the crops grown during the year in the urban home garden are summarized 
in Table 26. The garden produced an average of 0.24 kg of nutritious vegetables per day,
with something to harvest 326 times during the year. Nutritional composition of the crops 
and their contribution to the R)A of a family of five are sunmarized in Table 26. The 
contribution is not particularly high in any nutrient, except in Vitamin C. 

Conclusion 

The yields and nutritional outputs reflect the value of a small 4 x 4 m garden to a family
of five in a developing country. These gardens have consistently produced an impressive 
amount of selected nutrients necessary for human beings. Ifthese nutrients are normally
lacking in the diets of some people, then gardens of this type can help alleviate certain 
nutritional problems that often result in poor health and low individual productivity. 

The yield and nutritional output of the urban home garden was comparatively low. 
However, there can be 326 harvests during a year from the 3.2 m area; thus, the crop choice2 

was good. In the future, the area will be larger by increasing the number or the size of the 
boxes in which the crops are grown. 

Market Garden 

Introduction 

The objective of the market garden is to increase the income of small-farm families 
in developing countries (households earning between US$50() and $1000 per year) by
approximately 30%, by developing small income-generating market gardens. These gardens 
are designed to grow vegetable crops that are ill demand at urban markets and which can 
be grown and sold by urban periphery families who have no other opportunity for employment. 

Materials and Methods 

Surveys were first conductCl at local urban markets to find out which vegetables in 
the coming months would be low in supply and high indemand, and could therefore command 
a good price. The most promising of these vegetables were grown in a 10 x 20 in plot consisting 
of 13 raised beds (10 in x 1.5 m x 25 il). Standard commercial cultural practices were followed; 
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commercial fertilizers and pesticides were used as needed. Seeds were purchased locally orfrom commercial companies. A' harvest time the vegetables were sold wholesale at lncal
markets. The yield of each vegetable in each seasonal garden, the corresponding wholesalemarket price, and the gross monetary returns per kilogram were recorded for the year (Tables
27 to 30). 

Results 

A summary of all four seasonal gardens shows that the garden produced 2,012 kg ofmarket-quality vegetables (Table 31). These sold at the wholesaie market for NT$16,818(US$425). Deducting cash costs (seeds, fertilizer, and pesticide) of NT$1,618 (US$41) the
market garden made a net profit of NT$ 15,200 (US$385). Labor costs were not included under
'he assumption that unemployed household members will do .the labor. 

Conclusion 
The inarkt garden demonstrated that it could increase the annual net income of a small

farm family by more than 30%o. This percentage could be increased by selling the producedirectly to the consumer instead of to wholesalers, as in the case of thc AVRDC demonstration 
market garden.

This type of garden is of value in developing countries where the availability of vegetables
at urban markets is low, where there is a per-urban labor pool without jobs, where thereexist certain malnutrition problems, and where governments are attempting to plan and
implcment income-generating projects in rural and per-urban areas. 

Other Activities 

Training at AVRDC 

This year the garden program was more solidly phased into the training activities atAVRDC in the five-month vegetable crop producti-n course, in a special two-week coursein gardening, and in short-term special purpose training. The linkage between food, nut ition,
and agriculture is being taught to training scholars in the AVRDC five-month course andin AVRDC's Thailand Training program. It is planned to expand this to Indonesia and
Bangladesh in the coming year. 

New Garden 

A Mandate Crops Garden was added to take advantage of some of the least utilized
planting naterials of the AVRDC mandate crops. The target population for AVRDC's crops
is mainly the connlercial farmer who might requii. the most utilized varieties of the mandate 
crops, such as uniform-mat Uring tomatoes, large-headed hybrid Chinese cabbage, sweet potatofor animal feed, mtingbean for starch production, and soybean for oil. However, for gardens
and home consumption, there are different requirements, such as indeterminate tomatovarieties, small-headed open pollinated Chinese cabbage, vegetable soybean, sweet potato for
nutritious leaf production, :.id mungbean for sprouts in the hot, wet season. The Mandate
Crops Garden will be ii., for demonstration and for screening purposes.

AVRDC initiated a composting garden in the gardening research plots. This garden hasa number of attractions, one of which is its potential as a dryland garden. The unique designof the composting garden allows for a minimum use of water, perhaps as little as 20% ofwhat is normally required. If this proves to be the case, the composting garden will take the
place of present dryland garden activities and be further researched. 
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Table 2. Yield and nutrient contribution of school garden I,
 
December 1983 to February 1984, AVVRDC.
 

Crop Times
Harvested 

Edible
Yield(kg) 

Edible 
Yield/Day(kg) 

-_ 
prctein(g) 

Nu
iron(mg) 

trient Yield/Day 
calcium Vitamin A Vitamin C(mg) (,ig,RE) (mg) 

Garland 
chrysanthemum 22 125.90 1.94 29.10 52.40 1474.40 8497.20 327.90 
Spinach 9 101.70 1.57 40.80 47.10 1428.70 8525.10 648.40 
Garlic 2 .29 .004 .10 .10 4.50 4.60 1.30 
Cauliflower 3 26.88 .41 10.70 4.50 155.80 25.00 207.90 
Pai-tsai 15 125.40 1.93 34.70 92.60 2856.40 3435.40 1428.20 
Ching chiang 6 148.20 2.28 57.00 77.50 4742.40 9074.40 1954.00 
Rape green 11 J0.40 1.55 32.60 89.S,0 2232.00 6401.50 742.50 
Musta.'d 6 189.90 2.92 70.10 58.40 5197.60 9198.00 3328.80 
Kale 8 51.40 .79 19.00 26.10 1840.70 1975.00 908.50 
Radish 2 41.80 .64 6.40 2.30 172.80 - 268.80 
Coriander 5 4.44 .07 1.30 1 2) 95.10 124.80 37.40 
Shallot 25 144.13 2.22 A6.60 44.40 2308.80 2841.60 290.80 
Eggplant 13 33.33 .51 7.14 3.57 30.00 42.30 60.18 
Mustard 10 199.30 3.07 73.70 61.40 5464.60 9670.50 3499.80 
Sweet popper 5 7.10 .,i 1.43 .99 13.20 320.76 113.30 
L.ettuce 12 55.00 .85 14.45 57.80 782.00 3799.50 204.00 
Welsh onion 9 42.40 .65 9.56 8.26 560.37 2101.45 250.90 
Celery 8 68.90 1.06 5.72 12.83 816.62 140.98 179.88 

Total 171 1466.47 22.574 460.40 641.65 30176.59 66178.09 14452.56 

Table 3. Yield 	and nutrient contribution of school garden II, 
March to May 1984, AVRDC. 

Tines Edible Edible Nutrient Yield/Day 
Crop Harvested Yield Yield/Day protein iron calcium Vitamin A Vitamin C 

(kg) (kg) (g) ( ng) (mg) (1ig,RE) (mg) 

Ching chiang 10 110.50 1.67 41.75 56.78 3473.60 6646.60 1431.19 
Shallot 14 55.00 .83 17.43 16.60 863.20 1062.40 108.73 
Pai-tsai 15 201.40 3.05 54.90 146.40 4514.00 5429.00 2257.00 
Celery 5 39.20 1.35 7.29 16.34 1040.04 179.55 229.10 
Garland 5 57.50 .87 13.05 23.49 661.20 3810.60 147.03 
chrysanthemu~i 
Rape green 4 38.00 .58 12.18 33.64 835.20 2395.40 277.82 
Lettuce 19 112.70 1.71 29.07 116.28 1573.20 7643.70 410.40 
Mustard 7 64.40 .98 23.52 19.60 1744.40 3087.00 1117.20 
Kale 2 2.80 .04 .96 1.32 93.20 100.00 46.00 
Spinach 4 38.90 .59 15.34 17.70 536.90 3203.70 243.67 
Garlic 45 45.90 .70 16.80 14.00 784.00 798.00 227.50 
Amaranth 11 68.80 1.04 31.20 48.88 3026.40 2839.20 551.20 
Kang kong 17 163.00 2.47 74.10 148.20 2865.20 8076.90 1185.60 
Vegetable 4 13.30 .20 29.34 10.24 31.24 76.60 32.64 
soybean 
Broccoli 8 22.70 .34 10.20 2.72 119.00 792.20 168.64 
Yard-long bean 1 1.00 .02 .56 .36 10.20 6.66 5.60 
Okra 2 .65 .01 .18 .10 9.00 2.33 1.80 
Corn 2 19.30 .29 12.18 2.61 14.50 - 23.20 

Total 175 1105.05 16.74 390.05 675.26 22194.48 46149.84 8464.32 

http:46149.84
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Table 4. Yield and nutrient contribution of school garden IlI,
 
June to August 1984, AVRDC. 

Crop TimesHarvested EdibleYield
(kg) 

Edible
Yield/Day

(kg) 
-_

protein
(g) 

Nutrient Yield/Day
iron calcium Vitamin A Vitamin(mg) (mg) (,g,RE) (mg) 

C 

Kang kong 
Amaranth 
Shallot 
Okra 
LettucL 
Pai-tsai 
Cucumber 
Kale 
Ching chiang 
Rape green 
Mustard 
Cauliflower 
Carrot 
Broccoli 
Chinese 

28 
22 
5 

40 
2 

32 
11 
1 

16 
19 
24 
4 
4 
2 
1 

307.20 
143.70 

16.30 
14.65 
8.50 

84.66 
40.10 

.80 
58.36 
65.20 
72.05 
15.30 
23.80 
9.10 

10.20 

4.66 
2.18 

.25 

.22 
13 

1.28 
.61 
.01 
.88 
.99 

1.09 
.23 
.36 
.14 
.16 

139.80 
65.40 
5.25 
3.96 
2.21 

23.04 
2.44 
.24 

22.00 
20.79 
26.16 
5.98 
3.60 
4.20 
2.72 

279.60 
102.46 

5.00 
2.20 
8.84 

61.44 
1.83 
.33 

29.92 
57.42 
21.80 

2.53 
7.56 
1.12 
4.16 

5405.60 
6343.80 
260.00 
198.00 
119.60 

1894.40 
85.40 
23.30 

1830.40 
1425.60 
1940.20 

87.40 
129.60 
49.00 

163.20 

15238.20 
5951.40 
320.00 

51 26 
581.10 

2278.40 
15.25 
25.00 

3502.40 
4088.70 
3433.50 

15.41 
5857.20 
326.20 
614.67 

2236.80 
1155.41 

32.75 
39.60 
31.20 

947.20 
42.09 
11.50 

754.16 
474.21 

1242.60 
'116.61 

37.08 
69.44 
84.80 

cabbage
Yard-long bean 4 21.50 .33 9.24 5.94 168.30 109.89 92.40 

Total 215 891.42 13.52 337.03 592.15 20123.80 42408.58 7367.84 

Table 5. Yield and nutrient contribution of school garden IV,
 
September to November 1984, AVRDC.
 

Times Edible Edible Nutrient Yield/Day
Crop HarvestedYield Yield/Day protein iron calcium Vitamin A Vitamin C(kg) (kg) (g) (rng) (mg) (g,RE) (mg) 

Kang kong 17 148.00 2.28 68.40 136.80 2644.80 7455.60 1094.40Okra 8 6.13 .09 1.62 .90 81.00 20.97 16.20
Mustard 16 96.60 1.49 35.76 29.80 2652.20 4693.50 1698.60
Yard-long bean 16 9.16 .14 3.92 2.52 71.40 46.62 39.20
Ching chiang 18 82.50 1.27 31.75 43.18 2641.60 5054.60 1088.39
Broccoli 21 28.02 .43 1290 3.44 150.50 1001.90 213.28Pai-tsai 31 125.50 1.93 34.74 9264 2856.40 3435.40 1428.20Cucumber 6 12.00 .19 .76 .57 26.60 4.75 13.11
Rape green 23 101.80 1.57 32.97 91.06 2260.80 6484.10 752.03
Shallot 2 2.60 .04 .84 .80 41.60 51.20 5.24
Garlic 2 .90 .01 .24 .20 11.20 11.40 3.25Kale 9 38.10 .59 14.16 19.47 1374.70 1475.00 678.50Amaranth 12 41.60 .64 19.20 30.08 1862.40 1747.20 339.20
Hyacinth bean 4 1.08 .02 42.10 25.90 464.40 - 75.60Vegetable soybean 4 12.80 .20 29.34 10.24 31.24 76.60 32.64
Chinese cabbage 6 25.80 .40 6.80 10.40 408.00 1536.68 212.00
Garland 3 12.30 .19 2.85 5.13 144.40 832.20 32.11 

chrysanthmum
Spinach 1 1.90 .03 .78 .90 27.30 162.90 12.39 

Total 199 746.79 11.51 339.13 504.03 17750.54 34090.62 7734.34 

http:34090.62
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Table 6. A summary of selected nutrients contributed by the four AVRDC 
school gardens, December 1983 through November 1984. 

Edible Food Composition in Edible Yield/Day
Yield/Day protein iron calcium Vitamin A Vitamin C 

(kg) (g) (mg) (mg) (1,g,RE) (mg) 
Garden I 22.57 460.40 641.65 30176.59 66178.09 14452.56 
Garden II 16.74 390.05 675.26 22194.48 46149.84 8464.32 
Garden Il 13.52 337.03 592.15 20123.80 42408.58 7367.84 
Garden IV 11.51 339.13 504.03 17750.54 34090.62 7734.34 
Average 16.09 381.65 603.37 18033.85 47206.78 9504.77 

Tabl 7. Percentage of a 10-year-old child's RDA contained 
in 1/2 cup (113 g) of garden vegetables! 

Protein Calcium Iron Vitamin A Vitamin C 
(g) (mg) (mg) (pg,RE) (mg) 

RDA for a 10-year-old 38.00 650.00 7.00 575.00 20.00 
Contents 	in 1/2 cup

vegetables 3.23 6.16 57.00192.17 333.23 

Contribution in 1/2
 

cup to the RDA of a
 
10-year-old (%). 
 8.50 29.56 88.00 57.95 285.00

'RDA = Recommunded dietary allowance. Source: Food and Agriculture Organization. 1974. Handbook on 
human nutritional requirements. During the 1983-84 year the school garden produced 16.09 k9 vegetables 
per day. This means 142 and 1/2 cup servings. 

Table 8. Recommended dietary allowance (RDA) for a family of five 
(two adults and three children, ages 1 to 12).z 

Protein Calcium 	 Vitamin AIron 	 Vitamin C 
(g) (mg) (mg) (/,g,RE) (mg)
 

Father 37 450 7 750 30
 
Pregnant mother 38 1100 21 
 75U 50
 
Child (ages 1 to 3) 16 450 7 250 20
 
Child (ages 4 to 6) 20 450 7 300 20
 
Child (ages 10 to 12) 38 650 7 575 20
 
Total 	 149 3100 49 2625 140 

zSource. Food and Agriculture Organization. 1974. Handbook on human nutritional requirements. 
FAO, Rome. 

http:47206.78
http:18033.85
http:34090.62
http:17750.54
http:42408.58
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http:46149.84
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Table 9. Yield and n'trient contribution of Indonesia Home Garden I, December 1983 to February 1984, AVRDC. 
Growing Edible EdiblePlotCrpP Crop roYed Times Nutrient Yield/DayPeriod Yield Yel/ a Ti sYield/Day rvested protein iron calcium Vitamin A Vitamin C(days) (kg) (kg) (g) (mg) (mg) (yg, RE) (mg)

1. Chinese leek 91 1.75 .19 8 .57 .41 16.53 82.27 6.652. Pai-tsai 88 17.18 .189 27 3.40 9.07 2.79.72 336.42 139.86Rape green 38 .72 .0083. Kale 1 .16 .46 11.52 33.04 3.8386 6.18 .068 11 1.63 2.24 158.44 170.00 78.20Mustard 43 2.06 .023 3 .55 .46 40.94 72.45 26.224. Mustard 75 12.82 .141 27 3.38 2.82 250.98 444.15Mustard 160.7455 1.07 .012
5. 2 .28 .24 21.36 37.80 13.68Lettuce 
 65 3.31 .036 7 .61 2.44 33.12 160.92Amaranth 8.6416 1.68 .018 3 .54 .84 52.38 49.14 9.54 0Radish 51 .94 .010 2 .10 .04 2.70 - 4.20Shallot 91 3.08 .034 7 .71 .68 35.36 43.52 4.45Garlic 91 1.33 .015 4 .36 .30 16.80 17.10 4.876. Ching chiang 91 "o20.31 .223 27
7. 5.57 7.58 463.84 887.54 191.11 0Garland chrysanthemum 78 8.82 .097 12 1.45 
 2.61 73.72 424.86Radish 16.398 2.59 .028 

Mustard 
2 .28 .11 7.56 - 11.76 E359 2.16 .024 4 .57 .48 42.72 75.60 27.368. Kang kong 7 1.23 .014 2 .42 .84 16.24 45.78Spinach 6.7271 4.28 .047 
 8 1.22 1.419. 42.77 255.21 19.41Chinese cabbage 15 4.24 .047 6 .79 1.22 47.94 180.55 24.91Rape green 52 5.02 .055 7 1.15 3.19 79.20 227.15 26.34Fence Celery 76 .39 .004 1 .02 .04 3.08 5.32 .67 

Cassava 91 .23 .003 1 .06 .33 4.53 6.36 1 11Tomato 91 .46 .005 3 .04 .02 .85 5.55 1.17Welsh onion 91 .26 .003 1 .04 .03 2.58 9.69 1.15Coriander 91 .16 .002 1 .03 .03 2.71 3.56 1.06
 
Total 
 102.27 1.125 177 23.93 37.89 1707.59 3573.98 790.04RDA for a family of five 

RDA contributed by garden (%) 149.00 49.00 3100.00 2625.00 140.00
 

16.06 77.33 55.08 136.15 564.31 



Table 10. Yield and nutritient contribution of Indonesia Home Garden II, March to May 1984, AVRDC. oo 

Nutrient Yield/DayGrowing Edible Edible 
Period Yield TimesPltCrop (days) (ke) YieldDay(kg) Harvested protein iron calcium Vitamin A Vitamin C(y (kg) kg)- (g) (mg) (mg) (jg,RE) (mg)1. Chinese leek 92 4.97 .054 8 1.622. Rape green 1.19 46.98 233.82 18.9092 3.51 .038 5 .80 2.20 54.72 156.94 18.20Spinach 40 1.63 .018 2 .47 .54 16.38 97.74 7.43 

Lettuce 35 1.37 .015 1 ._6 1.02 13.80Amaranth 67.05 3.6058 2.14 .0233. Kang kong 3 69 1.08 66.93 62.79 12.1992 6.90 .075 10 2.25 4.50 87.00 245.254. Mustard 3G.0015 .31 .003 1 .07 .06 5.34 9.45 3.42Leaf beet 33 3.53 .038 5 .91 .76 67.64 119.70 43.32 >Kale 77 2.18 .024 2 .58 .80 55.92 60.00 27.605. Pai-tsai 56 6.27 .068 7 1.22 3.26 100.64 121.04 50.32
Lettuce6. Ching chiang 39 2.71 .029 436 5.25 .49 1.97 26.68 129.63.057 8 1.43 6.961.94 118.56 226.86Yard-long bean 48.85("I84 2.35 .026 5 .73 .47 13.26 8.66 7.28Lettuce 51 2.74 .030 47. Ching chiang 64 5.23 .51 2.04 27.60 134.10 7.20.057 6 1.43 1.94 118.56 226.86 48.85
Kang kong 56 1.92 .021 3 .63 1.26 24.36 68.67 10.0808. Spinach 14 3.84 .042 6 1.09 1.26 38.22 228.06Ceiery 17.3564 3.28 .036 3 .19 .44 27.73 4.79 6.11Mustard 59 2.98 .032 5 .77 .64 56.96 100.80 36.48

9. Pai-tsai 19 3.70 .040 2 .72 1.92 59.20 71.20 29.60Celery 5 3.13 .034 5 .18 .41 26.19 4.52 5.77Cherry radish 74 1.90 .021 7 .21Fence .08 5.67 - 8.82-8 8
 
Tomato 92 1.22 .013 4 .12 .07 2.21 14.43 3.04Cassava 92 5.39 .059 7 1.30 6.49 89.09 125.08Ginger 22.0092 .14 .002 1 .03 .03 .38 .18 .08 

Total 78.59 .855 114 18.70 36.37 1150.02 2517.62 479.45RDA for a family of five 
RDA contributed by garden (% 

149.00 49.00 3100.00 2625.00 140.00 
12.55 74.22 37.10 9"&.91 342.46 



Table 11. Yield and nutrient contribution of Indonesia Home Garden 1II,June to August 1984, AVRDC. 
Growing Edible Edible Times Nutrient Yield/DayPlot Crop Period Yield Yield/Day Times(days) (kg) (kg) Harvested protein iron calcium Vitamin A(g) (mg) (ma) Vitamin C(ug, RE) (mg)

1. Chines!, leek 92 3.68 .040 11 1.20 .88 34.80 173.20Chinese leek flower 14.0092 .58 .006 2 .15 .13 1.52 12.20 2.212. Amaranth 20 1.54 .017 3 .51 .80 49.47 46.41 9.01Kang kong 67 4.85 .053 
3. Kang kong 

6 1.59 3.18 61.48 173.31 25.4421 1.48 .016 3 .48 .96 18.56 52.32 7.68Amaranth 56 1.78 .019
4. 

4 .57 .89 65.29 51.87 10.07Kale 7 .79 .009 1 .22 .30 20.97 22.50 10.3!Pai-tsai 58 3.26 .035 5 63 1.68 51.80 62.30 25.90Rape green 32 .21 .002 I .04 .12 2.88 8.26 .965. Lettuce 1 .72 .008 1 .14 .54 7.36 35.76 1.92Rape green 62 4.27 .046 6 .97 2.67 66.24 189.98 22.03 C. 
6. Yard-long bean 5 .24 .003 1 .0 .05 1.53 1.00 .84Welsh onion 87 6.17 .067 11 .98 .857. Kang kong 57.76 216.61 25.8627 2.36 .026 4 .78 1.56 30.16 85.02 12.488. Rape green 32 1.25 .014 4 .29 .81 20.16 57.82 6.71Mustard 17 .54 .006 1 .14 .12 10.68 18.90 6.84Pai-tsai 55 1.61 .018 3 .32 .86 26.64 32.049. Pai-tsai 13.3246 .95 .010 3 .18 .48 14.80 17.80 7.40Rape green 71 1.81 .020 4 .42 1.15 28.80 82.60 9.58 

Cassava 92 22.53 .245 38 5.39 26.95 369.95 519.40 91.39Shallot 92 .81 .009 1 .19 .18Bottle gourd 9.36 11.52 1.1892 1.79 .019 2 .11 .03 7.47 7.09 1.60Onion 92 1.30 .014 1 .21 .18 12.07 45.26 5.40 
Total 64.52 .702 116 15.59 45.38 959.75 1923.17 312.17RDA for a family ol five 149.00 49.00 3100.00 2625.00RDA contributed by garden (%) 140.00 

10.46 92.61 30.96 73.26 222.98 

0 



Table 12. Yield and nutrient contribution of Indonesia Home Garden IV, September to November 1984, AVRDC. 

Growing Edible Edible Nutrient Yield/DayPlot Crop Period Yield Yield/Day Times 
Harvested protein iron(days) (kg) lkg) calcium Vitamin A Vitamin C 

1. (g) (mg) (mg) (,g. RE) (mg)Chinese leek 70 2.22 .024 5

Chinese leck flower 


72 .53 20.88 103.92 8.4070 .66 .007 4 .18Kale .15 1.78 14.23 2.5866 1.70 .019 3 .46 .632. 44.27 47.50 21.85Amaranth 45 1.38 .015 3 .45 .71 43.65 40.95 7.95Chinese cabbage 49 1.87 .021 3 .36 .55 21.42 80.683. Pai-tsai 11.1335 1.48 .016 
Rape green 

3 .29 .77 23.68 28.48 11.8450 1.68 .019 34. Rape green .40 1.10 27.36 78.47 9.1031 2.62 .029 5 .61 1.68 41.76 119.77 13.89Mustard >71 5.49 .060 7 1.44 1.20 106.80 189.00 68.405. Mustard <21 4.02 .044 7 1.06 .88 78.32 138.60 50.16Pai-tsai 49 3.58 .039 4 .70 1.87 57.72 69.42 28.86Ching chiang 40 3.01 .033
6. Kang kong 

4 .83 1.12 68.64 131.34 28.2856 5.73 .063 10 1.89 3.78 73.08 206.01 30.24Lettuce 59 2.30 .025 5 .43 1.707. Kale 23.00 111.75 6.0013 1.43 .016 3
Rape green .38 .53 37.28 40.00 18.4038 1.00 .011 28. .23 .64 15.84 45.43Mustard 5.2763 6.95 .076 11 1.82 1.52 135.28 239.40 86.64Rape green 43 .51 .006 1 .13 .35 8.64 24.78 2.879. Amaranth 40 .82 .009 3 .27 .42 26.19 24.57Pai-tsai 4.7736 .65 .007 1 .13 .34 10.36 12.46Yard-long bean 5.1871 1.84 .020Fence 7 .56 .36 10.20 6.66 5.60 

56
Yard-long bean 85 5.92 .065 16 1.82 1.17 33.15 21.65 18.20Cassava 
 91 
 .89 .010 2 .22 1.10 15.10Bottle gourd 21.20 3.7391 41.87 .460 28 2.62 .64 180.78 171.58 38.73Taro (tuber) 91 . .94 .010 2 .22 .12 3.40Taro (leaf stalk) - .8091 .25 .003 2 .02 .03 1.47 .90 .39
 

Total 
 100.81 1.107 144 18.24 23.89 1110.05 1968.75 489.26RDA for a family of five 
149.00 49.00 3100.00 2625.00RDA contributed by garden (%) 140.00 

12.24 48.76 35.81 75.00 349.47 

0 



Table 13. Yield and nutrient contribution of Thailand Home Garden I, December 1983 to February 1984, AVRDC. 

Plot 

1. 

2. 

3. 

4. 

5. 

6. 
7. 

8. 

9. 

Fence 

Crop 

Lemon grass 
Garland chrysanthemum 
Lettuce 
Pai-tsai 
Mustard 
Ka;e 
Mustard 
Shallot 
Mustard 
Shallot 
Mustard 
Lettuce 
Shallot 
Garlic 
Ching chiang 
Radish 
Garland chrysanthemum 
Celery 
Kang kong 
Spinach 
Shallot 
Lettuce 
Coriander 
Rape green 
Shallot 

Tomato 
Ipil-ipil 
Cucumber 
Ginger 
Snap bean 

GrowingPeriod 

(days) 
91 
91 
21 
82 
75 
91 
75 
91 
71 
91 
75 
70 
91 
91 
85 
15 

76 
71 
12 
89 

16 
9 

50 

91 
91 
91 

EdibleYield 

(kg) 
.23 

3.36 
2.39 
9.19 

.64 
5.98 
1.48 
2.49 

11.74 
1.72 

.62 
7.10 
5.33 
1.47 

24.48 
5.96 
3.62 

.77 
1.33 
4.16 
1.61 
4.29 

.17 
4.16 
1.73 

7.51 
1.07 

.91 

.36 

.06 

Edib;eYield/Day 

(kg) 
.003 
.037 
.026 
.101 
.007 
.066 
.016 
.027 
.129 
.019 
.007 
.078 
.059 
.016 
.269 
.065 
.040 
.008 
.015 
.046 
.018 
.047 
.002 
.046 
.019 

.083 

.012 

.010 

.004 

.001 

TimesTmeHarvested 

1 
7 
7 

14 
2 

11 
2 
4 

21 
3 
1 

15 
9 
5 

23 
6 
8 
2 
4 
6 
2 
8 
1 
6 
2 

19 
3 
2 
1 
1 

protein 
(g) 
.05 
.56 
.44 

1.82 
.17 

1.58 
.38 
.57 

3.10 
.40 
.17 

1.33 
1.24 
.38 

6.73 
.39 
.60 
.04 
.45 

1.20 
.38 
.80 
.04 

1.00 
.40 

.75 

.80 

.04 

.06 

.03 

iron 
(mg) 
.14 

1.00 
1.77 
4.85 

.14 
2.18 

.32 

.54 
2.58 

.38 

.14 
5.30 
1.18 

32 
9.15 

.45 
1.08 
.10 
.90 

1.38 
.36 

3.20 
.10 

2.67 
.38 

.42 

.87 

.03 

.05 
.01 

Nutrient Yield/Day 
calcium Vitamin A

(mg) (gg,RE) 
3.49 4.20 

28.12 162.06 
23.92 116.22 

149.48 179.78 
12.46 22.05 

153.78 165.00 
28.48 50.40 
28.08 34.56 

229.62 406.35 
19.76 24.32 
12.46 22.05 
71.76 348.66 
61.36 75.52 
17.92 18.24 

559.52 1070.62 
11.79 6.83 
30.40 175.20 
6.16 1.06 

17.40 49.05 
41.86 249.78 
18.72 23.04 
43.24 210.09 

1.57 10.57 
66.24 189.98 
19.76 24.32 

14.11 92.13 
6.68 84.96 
1.40 .25 

.76 .37 
.30 .30 

Vitamin C
(mg) 

.63 
6.25 
6.24 

74.74 
7.98 

75.90 
18.24 
3.54 

147.06 
2.49 
7.98 

18.72 
7.73 
5.20 

230.53 
11.17 
6.76 
1.36 
7.20 

19.00 
2.36 

11.28 
1.67 

22.03 
2.49 

19.42 
6.07 

.69 
.16 
.23 

Total 
RDA for a family of five 
RDA contributed by garden (0/) 

15.93 1.276 196 25.90 
149.00 

17.38 

39.11 
49.00 
79.82 

1680.60 
3100.00 

54.21 

3817.56 
2625.00 

145.43 

625.17 
140.00 
446.55 t, 



Table 14. Yield and nutrient contribution of Thailand Home Garden II, March to May is9_,4. AVRDC. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Lemon grass 
Garland chrysanthemum 
Kang kong 
Rape green 
Lettuce 
Kale 
Lettuce 
Amaranth 
Mustard 

Celery 
Kang kong 
Spinach 
Pai-tsai 
Ching chiang 
Mustard 
Amaranth 
Lettuce 
Celery 
Ching chiang 
Spinach 
Shallot 
Amaranth 
Rape green 

Growing 
Period 

(days) 

92 
34 
58 
30 
46 
5 

77 
55 
19 

50 
79 
26 
91 
20 
59 
43 
31 
16 
68 
33 

5 
90 

1 

Edible 
Yield 

(kg) 

6.19 
2.18 
1.36 
2.85 
3.12 

.58 
5.70 
1.07 
3.39 

2.53 
6.26 
.20 

6.53 
3.56 
4.88 

.71 
2.26 
3.22 
4.30 
3.98 

1.17 
3.54 

.45 

Edible 
Yield/Day 

(kg) 

.067 

.024 
.015 
.031 
.034 
.006 
.062 
.012 
.037 
.028 
.068 
.002 
.071 
.039 
.053 
.008 
.025 
.035 
.047 
.043 

.013 

.038 

.005 

Times 
rvest 

9 
3 
1 
3 
3 
1 
7 
2 
5 

4 
7 
1 
8 
2 
6 
i 
4 
6 
5 
7 

2 
4 
1 

protein 

(g, 

1.18 
.36 
.45 
.65 
.58 
.14 

1.05 
.36 
.89 

.15 
2.04 

.05 
!.28 
.98 

1.27 
.24 
.43 
.19 

1.18 
1.12 

.27 

.11 

iron 

(mg) 

3.09 
.65 
.90 

1.80 
2.31 

.20 
4.22 

.56 
.74 

.34 
4.08 

.06 
3.41 
1.33 
1.0e 
.38 

1.70 
.42 

1.60 
1.29 

.26 
1.79 

.29 

Nutrient Yield!Day 
calcium Vitamin A 

(mg) (ug, RE) 
78.01 93.80 
18.24 105.12 
17.40 49.05 
44.64 128.03 
31.28 151.98 
13.98 15.00 
57.04 277.14 
34.92 32.76 
65.86 116.55 
21.57 3.72 
78.88 222.36 

1.82 10.86 
105.08 126.38 
81.12 155.22 
94.34 166.95 
23.28 21.84 
23.00 111.75 
26.96 4.66 
97.76 187.06 
39.13 233.49 

13.52 16.64 
110.58 103.74 

7.20 20.65 

Vitamin C 
(mg) 

13.99 
4.06 
7.20 

14.85 
8.16 
6.90 

14.88 
6.36 

42.18 

4.75 
32.64 

.83 
52.54 
33.42 
60.42 
4.24 
6.00 
5.94 

40.28 
17.76 

1.70 
20.14 
2.40 

W 

;U 
0 

0.14 

Fence 

Pai-tsai 
Kale 
Leaf beet 

19 
86 
32 

3.90 
3.39 
1.12 

.042 

.037 

.012 

2 
4 
2 

.76 

.89 

.20 

2.02 
1.22 

.58 

62.16 
86.21 
5.33 

74.76 
92.50 
19.60 

31.08 
42.55 

.33 
Tomato 
Sweet potato tips 
Ipil-ipil 
Shallot 
Garlic 

92 
92 
92 
92 
92 

9.02 
1.20 
8.42 
1.60 
1.32 

.098 
.013 
.092 
.017 
.014 

16 
4 

12 
2 
2 

.88 

.52 
6.16 

.36 

.34 

.49 
1.49 
6.70 

.34 

.28 

16.66 
17.90 
51.18 
17.68 
15.68 

108.78 
16.25 

651.36 
21.76 
15.96 

22.93 
6 16 

46.55 
2.23 
4.55 

Total 
RDA for a family of five 
RDA contributed by garden (%) 

100.00 1.088 136 26.22 
149.00 
17.60 

45.60 
49.00 
93.06 

1358.41 
3100.00 

43.82 

3355.72 
2625.00 

127.84 

558.03 
140.00 
398.59 



Table 15. Yield and nutrient contribution of Thai!and Home Garden II1, June to August 1984, AVRDC. 
Growing Edible EdiblePlotCrpP TimesroYi d Yi d/ a Nutrient Yield/DayPeriod Yield Yield/Day T meHarvested protein iron calcium Vitamin A Vitamin C(days) (kg) (kg) (g) (mg) (mg) (pg. RE) (mg)1. Lemon grass 92 19.31 .210

Kang kong 
24 3.69 9.68 244.50 294.00 43.8414 .58 .006 1 .A8Amaranth .36 6.96 19.62 2.8858 1.28 .0142. Rape green 8 
3 .42 .65 40.74 38.22 7.42.74 .008 3 .16 .46 11.52 33.04 3.83Ching chiang 43 .98 .011

Kang kong 3 .27 .37 22.88 43.78 9.4238 1.29 .0143. Swect pepper 92 1.93 .021 
3 .42 .84 16.24 45.78 6.729 .27 .18Amaranth 2.52 61.23 21.6328 .94 .010 2 .30 .47 29.10 27.30Basil 5.3092 3.58 .039 114. 1.28 1.87 124.80Kang kong 34 4.23 .046 5 1.38 2.76Pai-tsai 53.36 150.42 22.0865 1.21 .013 3 .23 .625. Sweet pepper 19.24 23.14 9.6283 5.56 .060 28Amaranth 26 1.74 .019 

.78 .54 7.20 174.96 61.80 
Yard-long bean 

3 .57 .89 55.29 51.87 10.07 "C53 3.07 .033 18 .92 .59 16.83 10.98Rape green 9.2439 1.37 .0157. Kang kong 46 
2 .31 .87 21.60 61.95 7.182.79 .030 4 .90 1.80 34.80 98.10Mustard 14.4060 .50 .005 1 .12 .108. Amaranth 8.90 15.75 5.7019 2.35 .026 3 .789. Lettuce 1.22 75.66 70.98 13.7860 .34 .004 3 .06 .27 3.68 988Fence 

Ipil-ipil 92 16.40 .178
Bottle gourd 

33 11.90 12.95 99.02 1260.24 90.0892 7.88 .086 6 .49Yard-long bean .12 33.79 32.07 7.2492 10.46 .114 29 3.19 2.05 58.14 37.96 31.92Sweet potato tips 92 .63 .007 2 .23 .53 9.03 17.99 3.92
 
Total 
 89.16 .969 199 28.85 40.19RDA for a family of five 995.80 2879.75 399.56 

149.00 49.00 3100.00 2625.00RDA contributed by garden 140.00 
19.36 82.02 32.12 109.71 285.40 



Table 16. Yield and nutrient contribution of Thailand Home Garden IV, September to November 1984, AVRDC. t'~ 
Growing Edible Edib ePlot TimesCrop Period Yield Nutrient Yield/DayYield/Day H es prctein iron calcium(d y )(gHk)arvested pr t i r nc l i m V itam in A V itamin C(days) (kg) (kg)

1. Lemon grass 
(g) (mg) (mg) (,'g. RE) (mg)9 7.29 .080 5Pai-tsai 1.41 3.69 93.14 112.00 16.7048 .46 .005 1 .09 .24 7.40Rape green 8.90 3.7030 1.39 .015

2. Kang kong 
3 .32 .87 21.60 6/.95 7.1932 1.87 .021 4 .63 1.26 24.36 68.67Lettuce 10.0831 1.54 .017 63. Basil .29 1.1E 15.64 75.99 4.0891 6.38 .070 21 2.31 3.36 224.00 525.00Ginger 18.9091 1.20 .013 3 .21 .174. Amaranth 2.47 1.20 .5243 2.83 031 6 .93 1.46 90.21 84.63 16.43Kale 47 1.35 .015 3 .365. Mustard .50 34.95 37.50 17.2556 7.40 .081 9 1.94 1.62 144.18 255.15Pai-tsai 92.3449 2.12 .023 46. Rape green .41 1.10 34.04 40.94 17.028 1.85 .020 3 .42 1.16 28.80 82.60Kale 9.58<61 1.66 .018 4 .43 .59 41.94 45.00Eggplant 20.7069 3.07 .034 14 .48 .247. Mustard 2.04 2.82 4.0141 3.13 .034 5 .82Pai-tsai .68 60.52 107.10 38.7652 1.96 .022 2

Rape green .40 1.06 32.56 39.16 16.2839 .63 .007 18. Kale 11 
.15 .41 10.08 28.91 3.35.40 .004 3 .10 .13Yard-long bean 39 1.21 .013 6 

9.32 10.00 4.60
.36 .23 6.63 4.33Letjuce .015 

3.64 " 27 1.32
9. Ching chiang 48 

5 .26 1.02 13.80 67.05 3.604.07 .045 5
Kang kong 1.13 1.53 93.60 179.10 38.5745 .98Fence .011 2 .33 .66 12.76 35.97 5.28.61 
 .63 .752
 
Ipil-ipil 91 15.66 .172 29 11.51 12.52Bottle gourd 95.68 1217.7C- 87.0591 1.28 .014 2 .08 .02Sweet potato tips 91 5.50 5.22 1.18.44 .005 2 .20 .57Taro (tuber) 6.89 6.25 2.3791 1.10 .012 2 .26 .14 4.08 -Taro (leaf stalk) .9691 .44 .005 1 .03 .05 2.45 1.50 .65Wingeu 1ean 91 .18 .002 2 .08 .03Cucumber 1.62 1.28 .4491 .08 .001 1 .004 .003 .14 .03 .07 

Total 73.29 .805 154 25.94RDA for a family of five 36.47 1120.40 3106.01 445.30 
149.00 49.00 3100.00 2625.00 140.00RDA contributed by garden 1) 17.41 74.43 36.14 118.32 318.07 

-1 



Table 17. Yield and nutrient contribution of Philippine Home Garden I,December 1983 to February 1984, AVRDC. 

Growing Edible Edible Times _____Nutrient Yield/Day 

1. 

2. 

3. 
4. 
5. 

6. 

7. 

8. 

9. 

Fence 

Lemon grass 
Lettuce 
Garland chrysanthemum 
Pai-tzai 
Rape green 
Mustard 
Kale 
Mustard 
Spinach 
Coriander 
Ching chiang 
Celery 
Garland chrysanthemum 
Radish 
Spinach 
Eggplant 
Coriander 
Kang kong 
Mustard 
Coriander 
Shallot 
Garlic 
Lettuce 

Period
(days) 

91 
43 
42 
70 
40 
53 
79 
91 
71 
29 
89 
76 
51 
12 
79 
91 
72 

5 
84 
62 
90 

91 

Yield
(kg) 

1.69 
.41 

1.44 
9.64 

.85 
.14 

5.61 
10.57 
7.39 

.08 
14.23 
1.87 
2.20 
2.43 
1.15 

.30 

.31 
1.10 
7.95 
2.13 
2.33 
1.15 
2.11 

Yield/Day
(kg) 

.019 

.005 

.016 

.105 

.009 

.002 

.062 

.116 

.081 

.001 

.156 

.021 

.024 

.027 

.013 

.003 
.003 
.012 
.087 
.023 
.026 
.013 
.023 

2 
1 
4 

19 
2 
1 

16 
23 
12 

1 
23 

5 
5 
5 
2 
3 
2 
3 

14 
14 
6 
3 
7 

protein
(0) 

33 
.09 
.24 

1.91 
.19 
.05 

1.49 
2.78 
2.11 

.02 
3.90 

.11 

.36 

.16 

.34 

.04 

.06 

.36 
2.09 

.48 

.55 

.31 

.39 

iron 
(mg) 

.88 

.34 

.43 
5.09 

.52 
.04 

2.05 
2.32 
2.43 

.05 
5.30 

.25 

.65 

.19 

.39 

.02 

.15 
72 

1.74 
1.13 

.52 

.26 
1.56 

calcium 
(mg) 

22.12 
4.60 

12.16 
156.88 

12.96 
3.56 

144.46 
206.48 

73.71 
.79 

324.48 
16.18 
18.24 
4.90 

11.83 
.18 

2.36 
13.92 

154.86 
18.07 
27.04 
14.56 
21.16 

Vitamin A 
(Ag, RE) 

26.60 
22.35 
70.08 

188.68 
37.17 

6.30 
155.00 
365.40 
439.83 

5.28 
620.88 

2.79 
105.12 

2.84 
70.59 

.25 
15.85 
39.24 

274.05 
121.51 
33.28 
14.82 

102.81 

Vitamin C
(mg) 

3.97 
1.20 
2.70 

78.44 
4.31 
2.28 

71.30 
132.24 
33.45 

.83 
133.69 

3.56 
4.06 
4.64 
5.37 

.35 
2.50 
5.76 

99.18 
19.19 
3.41 
4.23 
5.52 

0 

Tomato 
Cowpea 
Mustard 
Coriander 
Sweet potato ips 
Ginger 
Snap bean 

91 

75 
35 

10.70 
.41 

1.76 
.20 
.16 

.10 

.08 

.118 

.005 

.019 

.002 

.002 

.001 

.001 

29 
4 
5 
1 
1 

1 
1 

1.06 
1.14 

.46 

.04 

.08 

.02 

.03 

.59 

.33 

.38 
.10 
.23 

.01 

.01 

20.06 
5.50 

33.82 
1.57 
2.75 

.19 

.30 

130.98 
.08 

59.85 
10.57 
2.50 

.09 

.30 

27.61 
.05 

21.66 
1.67 
.95 

.04 

.28 

Total 
RDA for a family of five 
RDA contributed by garden (%) 

90.49 .996 215 21.19 
149.00 
14.22 

28.68 
49.00 
58.53 

1329.69 
3100.00 

42.89 

2825.09 
2625.00 
107.62 

674.44 
140.00 
481.74 



Table 18. Yield and nutrient contribution of Philippine Home Garden II, March to May 1984, AVRDC. 
Growing Edible Edible Times Nutrient Yield/DayPlot Crop 	 Period Yield Yield/Day Trotes 

CS 
(days) (kg) (kg) (g)Harvested protein (mg)iron calcium(""g) Vitamin A Vitamin C1. 	 &tg, RE)Lemon grass 92 10.34 .112 	 (mg)

Pai-tsai 	 13 1.97 5.16 130.40 156.8019 4.44 	 23.38.048Shallot 	 2 .86 2.3029 .60 	 71.04 85.44 35.52.007Kang kong 	 1 .14 .14 7.2852 1.01 	 8.96.011 	 .912. Spinach 	 42 
2 .33 .66 12.76 35.97 5.28.30 .003 1 .07 .09Leaf beet 41 2.00 .022 	 2.73 16.29 1.234 .37 1.06Rape green 19 	 9.77 35.92 .601.30 .014 2 .29 .81Ching chiang 67 	 20.16 57.82 6.703.68 .0403. Lettuce 	 6 1.0043 2.07 .023 	

1.36 83.20 159.20 34.2E
Pai-tsai 	 5 .39 1.5658 3.58 .039 4 	

21.16 102.81 5.52
4 maranth 58 	 .70 1.87 57.72 69.42.86 .009 	 28.8614. Mustard 	 .27 .42 26.1919 1.71 24.57 4.77 
Lettuce 42 

.019 2 .45 .38 33.82 59.85 21.666.40 .070 	 -e
Amaranth 	 53 1.31 .014 

8 1.19 4.76 64.40 312.90 16.805. Pai-tsai 	 48 3.81 .041 
2 .42 .65 40.74 38.22 7.423 .73Celery 	 1.96 60.68 72.98 30.3447 1.93 .021Spinach 14 	
2 .11 .25 16.17 2.79.98 .011 	 3.566. Celery 	 2 .28 .33 10.01 59.7363 4.71 .051 	 4.54 

Ching chiang 	 7 .27 .61 39.2913 1.24 .013 	 6 78 8.65
Rape green 51 	

2 .32 .44 27.04 51.742.16 .023 	 11.14Okra 	 38 .15 
4 .48 1.33 33.12 94.99 11.01.0027. Ching chiang 	 37 2 .03 .02 1.80 .463.14 .034 	 .36 o
Eggplant 	 3 .85 1.15 70.72 135.32 29.1391 5.48 .060Kang kong 73 	

15 .84 .42 3.60 4.981.35 .015 	 7.0838. Pai-tsai 76 4.41 	 .45 .90 17.40 49.05 7.20.048 5Mustard 	 .86 2.30 71.0440 1.18 	 85.44 35.52.013 2Kang kong 	 .31 .26 23.14 40.9543 1.45 .016 	 14.82
9. Lettuce 	 2 .48 .96 18.5641 5.04 	 52.32 7.68.055

Amaranth 	 7 .93 3.74 50.60 245.8557 1.88 .020 	 13.203 .60 .94 58.20 5.60 10.60Fence 	 .60 .94 58.20 54.60 10.60
Tomato 92 17.29 .188 28 1.69Sweet potato tips 92 1.82 .020 	
.94 31.96 208.68 43.99

Shallot 	 92 11.78 .128 
6 .68 1.5. 25.80 51.40 11.208 2.68Garlic 	 2.56 133.12 163.8492 1.80 .020 	 16.76

Yard-long bean 	 1 .48 .40 22.40.10 .001 	 22.80 6.501 .02 .01 .51 	 .28.33 
Total 11!1.30 1.211RDA for a family of five 	 159 21.54 426 

42.26 1296.53 2569.20 466.49RDA contributed by garden 14.46 86.24149.00 49.00 3100.0041.82 2625.00 140.0097.87 333.21 



Table 19. Yield and nutrient contribution of Philippine Home Garden III, June to August 1984, AVRDC. 
Growing Edible Edible TimesPerod Yield Yield/Day Harvested protein iron 

Nutrient Yield/Day
calcium Vitamin A Vitamin C(days) (kg) (kg) (g) (mg) (mg) (jg. RE)1. Lemon grass (mg)92 19.46 .212 28Kang kong 3.73 9.77 246.93 2 i6.80 44.2711 1.43 .016 2 .48 .96 18.56 52.32Mustard 7,6871 2.84 .031 5 .742. Lettuce .62 55.18 97.65 35.3428 1.37 .015 3 .26 1.02 13.80 67.05Kale 3.6063 .46 .005 13. Amaranth .12 .17 11.65 12.50 5.7540 5.81 .063 6 1.89 2.964. Amaranth 183.33 171.99 33.3922 3.45 .038 

Kang kong 
4 1.14 1.79 110.58 103.74 20.1450 4.56 .050 7 1.505. Pai-tsai 3.00 58.00 163.50 24.0060 2.00 .022 36. Amaranth .40 1.06 32.56 39.16 16.2819 2.46 .027 3Okra .81 1.27 78.57 73.71 14.3165 3.20 .035 29 .63 .357. Eggplant 31.50 8.16 6.3046 6.29 .068 16 .95Kang kong .48 4.08 5.64 8.02 

0. 
23 .28 .003 1 .09Pai-tsai .18 3.48 9.81 1.4447 .12 .001 1 .02 .05Chinese cabbage 1.48 1.78 .7447 .69 .008 03 .148. Kang kong .21 8.16 30.73 4.2434 3.67 .040 r 1.20 2.40Amaranth 46.40 130.10 19.2059 3.09 .034 5 1.02 1.609. Amaranth 98.94 92.32 18.0221 2.02 .022 3 .66 1.03 64.02 60.06 11.66Ching chiang 72 .25 .003 1 .08 .10 6.24 1 2.57Sweet potato tipsFence p.5 31.68 .018 5 .72 2.06 24.79 22.50 8.53 

Yard-long bean 6.16 .067 22Bitter gourd 1.88 1.21 34.17 22.31 18.769.42 .102 18 .82Cucumber 2.35 26.52 18.67 58.14.11 .001 2 .004 .003 .14 .03 .07 
Total 80.82 .881 173 19.28RDA for a family of five 34.64 1158.98 '493.67 362.45

149.00 49.00RDA contributed by garden(%) 3100.00 2625.00 140.00 
12.94 70.6," 37.39 56.90 258.89 

bi 



Table 20. Yield and nutrient contribution of Philippne Home Garden IV, September to November 1984, AVRDC. 

Growing Edible Edible Times Nutrient Yield/Day 

1. 

2. 

3. 

4. 
5. 

Lemon grass 
Ching chiang 
Amaranth 
Kale 
Lettuce 
Vegetable soybean 
Chi-'g chiang 
Eggplant 
Okra 
Kale 

Period 
(days) 

53 
61 
53 
11 
52 
17 
28 
67 
80 
63 

Yield 
(kg) 

7.96 
3.87 
1.66 
1.52 
1.96 
.79 

3.61 
.83 

10.99 
2.71 

Yield/Day 
(kg) 

.088 

.043 

.018 

.017 

.022 

.009 

.040 

.009 

.121 

.030 

12 
7 
3 
2 
4 
4 
5 
4 

34 
5 

protein 
(g') 

1.55 
1.08 
.54 
.41 
.37 

1.32 
1.00 

.13 
2.18 

.72 

iron 
%mg) 

4.06 
1.46 
.85 
.56 

1.50 
.46 

1.36 
.06 

1.21 
.99 

calcium 
(mg) 

102.46 
89.44 
52.38 
39.61 
20.24 

1.41 
83.20 

.54 
108.90 
69.90 

Vitamin A 
(jg. RE) 

123.20 
171.14 
49.14 
42.50 
98.34 

3.45 
15Z' 

.75 
28.19 
75.00 

Vitamin C 
(mg) 

18.37 
36.85 
9.54 

19.55 
5.28 
1.47 

34.28 
1.06 

21.78 
34.50 

6. 

7. 

Yard-long bean 
Lettuce
Chinese cabbage 

39 
28
4 

2.30 
1.471.24 

.025 

.016.014 

9 
42 

70 
27.24 

.45 
1.09.36 

12.75 
14.7214.28 

8.33 
71.5253.78 

7.0 0 
3847.42 

;a 

-

8. 

Mustard 
Pai-tsai 
Amaranth 
Ching chiang 
Garland chrysanthemum 

49 
50 

2 
54 
43 

2.56 
1.71 

.59 
3.34 
.46 

.028 

.019 

.007 

.037 

.005 

4 
3 
1 
6 
2 

.67 

.34 

.21 

.93 

.08 

.56 

.91 

.33 
1.26 

.14 

49.84 
28.12 
20.37 
76.96 
3.80 

88.20 
33.82 
19.11 

147.26 
21.90 

31.92 
14.06 
3.71 

31.71 
.85 

0 

9. 

Fence 

Ching chiang
Kang kong 
Mustard 

3 
42 
52 

.30 
1.90 
3.76 

.003 

.021 

.041 

1 
4 
9 

.08 

.63 

.98 

.10 
1.26 

.82 

6.24 
24.36 
72.98 

11.94 
68.67 

129.15 

2.57 
10.08 
46.74 

Bitter gourd 
Moringa (leaf) 
Moringa (pod) 
Cucumber 
Sweet potato tips 
Taro (tuber) 
Taro (leaf stalk) 
Yard-long bean 

4 
91 
91 
91 
91 
91 
91 
91 

.25 
3.84 
2.42 

.42 
1.16 
.79 
.33 

2.27 

.003 

.042 

.027 

.005 

.013 

.009 

.004 

.025 

1 
8 
5 
2 
3 
2 
2 
9 

.02 
2.14 

.70 

.02 

.52 

.20 

.02 

.70 

.07 
7.52 

.87 
.. 02 
1.49 

.11 

.04 

.45 

.78 
97.09 

.88 
.70 

17.90 
3.06 
1.96 

12 75 

.55 
287.70 

-
.13 

16.25 
-

1.20 
8.33 

1.71 
48.40 
34.86 

.35 
6.16 

.72 

.52 
7.00 

Total 
RDA for a family of five 
RDA contributed by garden (%) 

67.01 .741 157 18.75 
149.00 
12.58 

30.36 
49.00 
61.96 

1027.62 
3100.00 

33.15 

1718.75 
2625.00 

65.48 

442.30 
140.00 
315.93 



Table 21. Yield and nutrient contribution of Vitamin A Home Garfen I, December 1983 to February 1984, AVRIJC. 
Growing Edible Edible TimesCrop Period Yield Yield/Day Harvested protein 

Nutrient Yield/Day
iron calcium Vitamin A Vitamin C(days) (kg) (kg) (g) (mg) (mg) (jig, RE) (mg)1. Carrot 91 1.68 .018 4 .18 .38 6.48 292.86 1.85Sweet pepper 70 1.34 .015 7 20Ching chiang 91 7.66 .084 
.14 1.80 43.74 15.45 

2. 16 2.10 2.86 174.72 334.32 72.00Pai-tsai 77 10.09 .111 20 2.00 5.33 164.28 197.58 82.14Rape green 41 .67 .007 1 .15 .41 10.08Mustard 28.91 3.3561 .15 .002 1 .05 .04 3.56 6.303. Chinese leek 2.2891 1.51 .017 5 .51 .37 14.79 73.61 5.954. Rape green 54 6.89 .076 15 1.60 4.4' 109.44 313.88 36.40Radish 76 1.46 .016 2 .10 .11 2.90 1.68 2.75Mustard 54 .23 .003 1 .07 .06 5.34 9.45 3.425. Mustard 85 15.20 .167 25 4.01 3.34 297.26 526.05 190.38 W6. Kale 87 9.16 .101 18 2.427. Radish 15 3.33 235.33 252.50 116.156.65 .073 8 .44 0..50 13.24 7.67 12.55Garland chrysanthemum 76 5.01 .055 11 .83Lettuce 1.49 41.80 240.90 9.3040 .37 .004 1 .07 .27 3.68 17.88 .96Celery 75 2.75 .030
8. 4 .16 .36 23.11 3.99 5.09Kang kong 4 .99 .011 4 .33 .66 12.76 35.97 5.28Spinach 69 7.49 .082 17 2.13 2.46 74.62 445.26 33.87Pai-tsai 17 1.04 .011 1 .20 .53 16.28 19.589. Coriander 8.1423 .25 .003 2 .06Mustard .15 2.36 15.85 2.5056 1.73 .0i9 2 .46 .38 33.82 59.85 21.66
Fence 

Tomato 3.10 .034 13 .31 .17 5.78 37.74 7.96Sweet potato tips .92 .010 2 .40 1.14 13.70 12.50 4.74Coriander .08 .001 1 .02 .05 .79 5.2C .83Mustard 4.69 .052 11 1.25 1.04 92.56 163.80 59.28 
Total 91.11 1.002 192RDA for a family of five 

20.05 29.98 1360.48 3147.15 704.28 
149.00 49.00 3100.00 2625.00RDA contributed by garden (%) 140.00 
13.46 61.18 43.89 119.89 503.06 



Table 22. Yield and nutrient contribution of Vitamin A Home Garden II, March to May 1984, AVRDC. 

Plot 

1. 

2. 

3. 
4. 

5. 

6. 
7. 

8. 

9. 
Fence 

Crop 

Carrot 
Celery 
Amaranth 
Rape green 
Ching chiang 
Chinese leek 
Ching chiang 
Leaf beet 
Pai-tsai 
Kang kong 
Mustard 
Ching chiang 
Lettuce 
Lettuce 
Ching chiang 
Pai-tsai 
Anaranth 
Pai-tsai 
Kang kong 
Carrot 

Tomato 
Sweet potato tips 
Papaya 
Shallot 

Growing 
Period 
(days) 

6 
53 
47 
65 
64 
92 
19 
32 
44 
73 
12 
62 
40 
32 
33 
33 
78 
54 
38 
92 

92 
92 
92 
49 

Edible 
Yield 
(kg) 
4.23 
6.42 

.74 
5.11 
2.43 
5.85 
3.62 
2.05 

.40 
2.38 

.69 
6.33 
5.04 
2.15 
1.02 
.40 

3.26 
7.02 
3.66 
5.44 

5.00 
6.63 
6.49 

.25 

Edible 
Yield/Day 

(kg) 
.046 
.070 
.008 
.056 
.026 
.064 
.039 
.022 
.004 
.026 
.008 
.069 
.055 
.023 
.011 
.004 
.035 
.076 
.040 
.059 

.054 
.072 
.071 
.003 

Times 
Harvested 

6 
8 
1 
6 
4 
9 
5 
3 
1 
5 
1 

10 
6 
5 
2 
1 
5 
5 
5 
9 

11 
15 
5 
1 

protein 
(g) 
.46 
.38 
.24 

1.18 
.65 

1.92 
.98 
.37 
.07 
.78 
.19 

1.73 
.94 
.39 
.28 
.07 

1.05 
1.37 
1.20 
.59 

.49 
2.45 

-
.06 

iron 
(mg) 

.97 

.85 

.38 
3.25 

.88 
1.41 
1.33 
1.06 

.19 
1.56 

.16 
2.35 
3.74 
1.56 

.37 

.19 
1.65 
3.65 
2.40 
1.24 

.27 
5.47 

-
.06 

Nutrient Yield/Day 
calcium Vitamin A 

(mg) (pg, RE) 
16.56 748.42 
53.93 9.31 
23.28 21.84 
80.64 231.28 
54.08 103.48 
55.68 277.12 
81.12 155.22 

9.78 35.93 
5.92 7.12 

30.16 85.02 
14.24 25.20 

143.52 274.62 
50.60 245.85 
21.16 102.81 
22.88 43.78 

5.92 7.12 
101.85 95.55 
112.48 135.28 
46.40 130.80 
21.24 959.93 

9.18 59.94 
92.88 185.04 

- 156.20 
3.12 3.84 

Vitamin C 
(mg) 
4.74 

11.88 
4.24 

26.82 
22.28 
22.40 
33.42 

.61 
2.96 

12.48 
9.12 

59.13 
13.20 
5.52 
9.43 
2.96 

18.55 
56.24 
19.20 
6.08 

1?.64 
40.32 
22.78 

.39 

> 

0 

Total 
RDA for a family of five 
RDA contributed by garden (%) 

86.61 .941 129 17.84 
149.00 

11.97 

34.99 
49.00 
71.41 

1056.62 
3100.00 

34.08 

4100.70 
2625.00 

156.22 

41..39 
140.00 
298.14 



Table 23. Yield and nutrient contribution of Vitamin A Home Garden IIl, June to August 1984, AVRDC. 

1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Fence 

Amaranth 
Mustard 
Kangkong 
Chinese leek 
Chinese leek flower 
Kang kong 
Pai-tsai 
Pai-tsai 
Amaranth 
Welsh onion 
Sweet pepper 
Amaranth 
Amaranth 
Rape green 
Mustard 
Kang kong 
Kale 
Carrot 
Ching chiang 
Rape green 

Growing
Period 

(days) 
12 
52 
61 
92 
92 
34 
45 
15 
39 
36 
92 
22 
14 
48 
48 
28 
78 

6 
53 
50 

Edible 
Yield 
(kg) 
1.36 
3.01 
1.86 
5.03 

.23 
3.29 
2.10 

.66 
3.13 

.82 
4.92 
1.49 
3.19 
1.91 
1.10 
2.41 
1.37 
3.06 
2.31 
1.52 

Edible 
Yield/Day 

(kg) 
.015 
.033 
.020 
.055 
.003 
.036 
.023 
.007 
.034 
.009 
.063 
.016 
.035 
.021 
.012 
.026 
.015 
.033 
.025 
.017 

Times 

3 
8 
5 

13 
1 
4 
5 
3 
6 
2 

29 
3 
4 
4 
4 
3 
4 
3 
5 
4 

protein 
(g) 
.45 
.79 
.60 

1.65 
.08 

1.08 
.41 
.13 

1.02 
.13 
.69 
.48 

1.05 
.44 
.29 
.78 
.36 
.33 
.63 
.36 

iron 
(mg) 

.71 
.66 

1.20 
1.21 
.07 

2.16 
1.10 

.34 
1.60 

.11 

.48 

.75 
1.65 
1.22 
.24 

1.56 
.50 
.70 
.85 
.99 

Nutrient Yield/Day
calcium Vitamin A 

(mg) (pg, RE) 
43.65 40.95 
58.74 103.95 
23.20 65.40 
47.85 238.15 

.76 6.10 
47.76 117.72 
34.04 40.94 
10.36 12.46 
98.94 92.82 
7.76 29.10 
6.36 154.55 

46.56 43.68 
101.85 95.55 
30.24 86.73 
21.36 37.80 
30.16 85.02 
34.95 37.50 
11.88 536.91 
52.00 99.50 
24.48 70.21 

Vitamin C 
(mg) 
7.95 

.37.62 
9.60 

19.25 
1.10 

17.28 
17.02 

5.18 
18.02 
3.47 

54.59 
8.48 

18.55 
10.06 
13.68 
12.48 
17.25 
3.40 

21.43 
8.14 

Onion 
Sweet potato tips 
Yard-long bean 
Shallot 
Papaya 
Mango 
Cucumber 

.60 
1.89 

11.85 
3.05 
1.50 
1.49 
.37 

.007 

.021 

.129 

.033 

.016 

.016 

.004 

1 
8 

28 
10 
3 
3 
2 

.10 
.84 

3.61 
.69 
-

.10 

.02 

.09 
2.40 
2.32 

.66 
-

.05 

.01 

6.03 
28.92 
65.79 
34.32 

-
1.60 
.56 

22.63 
26.25 
42.96 
42.24 
35.20 
50.13 

.10 

2.70 
9.95 

36.12 
4.32 
5.13 
5.76 

.28 
Total 
RDA for a family of five 
RDA contributed by garden (o) 

65.52 .714 168 17.11 
149.00 
11.48 

23.63 
49.00 
48.22 

870.12 
3100.00 

28.07 

2214.J5 
2625.00 

84.36 

368.81 
140.00 
263.44 
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Table 24. Yield and nutrient contribution of Vitamin A Home Garden IV, September to November 1984, AVRDC. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
8. 

9. 

Taro (stem) 
Taro (stalk) 
Amaranth 
Rape green 
Chinese leek 
Chinese leek flower 
Lettuce 
Basil 
Rape green 
Lettuce 
Pai-tsai 
Yard-long bean 
Mustard 
Stuce 

Mustard 
Kale 
Pai-tsai 
Kang kong 
Kale 

Growing
Period 

(days) 
46 
46 
52 
37 
66 
66 
59 
32 
30 
30 
18 
62 
57 
29 
12 
15 
70 
57 
80 

Edible 
Yield 

(kg) 
1.70 
.52 

1.18 
5.29 
2.76 

.60 
2.10 
1.62 
2.26 
1.28 
1.18 
4.50 
9.52 
1.29 
2.40 
1.35 
1.74 
1.53 
3.29 

Edible 
Yield/Day 

(kg) 
.019 
.006 
.013 
.058 
.030 
.007 
.023 
.018 
.025 
.014 
.013 
.050 
.105 
.014 
.026 
.015 
.019 
.017 
.036 

Times 

1 
1 
3 
8 
5 
5 
5 
9 
4 
4 
3 

11 
13 

., 

3 
3 
3 
8 

protein 
(g) 

.42 

.03 
.39 

1.22 
.90 
.18 
.39 
.59 
.53 
.24 
.23 

1.40 
2.52 

.24 

.62 

.36 

.34 

.51 

.86 

iron 
(mg) 

.23 
.05 
.61 

3.36 
.66 
.15 

1.56 
.86 

1.45 
.95 
.62 
.90 

2.10 
.95 
.52 
.50 
.91 

1.02 
1.19 

Nutrient Yield/Day 
calcium Vitamin A 

(mg) (pg, RE) 
6.46 -
2.94 1.80 

37.83 35.49 
83.52 239.54 
26.10 129.90 

1.78 14.23 
21.16 102.81 
57.60 135.00 
36.00 103.25 
12.88 62.58 
19.24 23.14 
25.50 16.65 

186.90 330.75 
12.88 62.58 
46.28 81.90 
34.95 37.50 
28.12 33.82 
19.72 55.59 
83.88 90.00 

Vitamin C 
(mg) 
1.52 
.78 

6.89 
27.78 
10.50 
2.58 
5.52 
4.86 

11.98 
3.36 
9.62 

14.00 
119.70 

3.36 
29.64 
17.25 
14.06 

8.16 
41.4n 

X 

"o 

Fence 
Cucumber 
Sweet potato tips 
Mungo 
Papaya 
Taro (stem) 
Taro (stalk) 
Pumpkin 

91 
91 
91 
91 
91 
91 
91 

.40 

.82 
1.16 

12.52 
.44 
.15 

7.73 

.004 

.009 

.013 

.138 

.005 

.002 

.085 

3 
3 
2 
19 
1 
1 
9 

.02 

.36 

.08 
-

.11 

.01 

.49 

.01 
1.03 
.04 
-

.06 

.0 

.62 

.56 
12.39 
1.30 

-
1.70 
.98 

2.79 

.10 
11.25 
40.73 

303.60 
-

.60 
331.50 

.28 
4.26 
4.68 

44.27 
.40 
.26 

4.62 
Total 
RDA for a family of five 
RDA contributed by garden (%) 

69.33 .764 135 13.04 
149.00 

8.75 

20.37 
49.00 
41.57 

763.46 
3100.00 

24.63 

2244.31 
2625.00 

85.50 

391.73 
140.00 
279.81 
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Table 25. Results from four AVRDC home gardens means over four seasons, 
December 1983 through November 1984. 

Yield/Day Percentage Contribution to RDA of a Family of Fivez(kg) protein iron calcium Vitamin A Vitamin C 
Indonesia garden 0.947 12.83 73.23 39.74 95.08 369.81Thailand garden 1.035 17.94 82.33 41.57 125.33 362.15Philippine garden 0.957 13.55 69.36 38.81 81.97 374.44Vitamin A garden 0.855 11.42 55.60 32.67 111.49 336.11 

-RDA = Recommended daily dietary allowance 

'Table 26. Yearly yield and nutrient contribution of the urban home garden, 
August 1983 to August, 1984. 

Edible 
Crop Yield 

(kg) 

Kang kong 11.46 
Spinach 3.25 
Lettuce 10.46 
Ching Chiang 9.78 
Rape green 9.62 
Kale 5.09 
Mustard 10.13 
Amaranth 6.47 
Pai-tsai 12.26 
Garland 4.06 

chrysanthemum
Leaf beet 1.62 
Chinese leek 7.64 
Celery 3.90 
Chinese 1.25 

Edible Times 
Yield / Day Harvested 

(kg) 

.029 34 
008 10 

.026 32 

.025 30 

.024 30 

.013 16 
.026 33 
.016 21 
.031 37 
.010 20 

.004 7 

.019 41 
.010 14 
.003 1 

protein 
(g) 

.87 

.21 

.44 
.63 
.50 
.31 
.62 
.48 
.56 
.15 

.07 

.57 

.05 
.05 

Nutrient Yield / Day
iron calcium Vitamin A Vitamin C 
(mg) (mg) (ug, RE) (mg) 
1.74 33.64 94.83 13.92 
.24 7.28 43.44 3.30 

1.77 23.92 116.22 6.24 
.85 52.00 99.50 21.43 

1.39 34.56 99.12 11.50 
.43 30.29 32.50 14.95 
.52 46.28 81.90 29.64 
.75 46.56 43.68 8.48 

1.49 45.88 55.18 22.94 
.27 7.60 43.80 1.69 

.19 1.78 6.53 .11 

.42 16.53 82.27 6.65 
.12 7.70 1.33 1.70 
.08 3.06 11.53 1.59 

cabbage
Total 96.99 .244 326 5.51 10.26 357.08 811.83 144.14RDA for a family of five 149.00 49.00 3100.00 2625.00 140.00RDA contributed by garden (0) 3.70 20.94 11.52 30.93 102.96 

Table 27. Yield and price record of market garden I, July to September 1983. 

Plot Crop Growing Times Marketable Market GrossPeriod Tie(d Harvested Yie:d Price Returns 
(days) (kg) (NT$) (NT$/kg)1-2 Bitter melon 18 4 11.0 77.0 7.00

Pai-tsai 24 1 26.5 235.0 8.87Kang kong 24 2 84.5 341.0 4.043-4 Pai-lsai 6 1 11.0 75.0 6.82Welsh onion 60 2 40.0 685.0 17.135-6 Sponge gourd 15 3 4.5 51.0 11.33
Kang kong 24 2 60.0 333.0 5.55Pai-tsai 46 2 17.5 115.0 6.577-8 Welsh onion 12 4 80.5 2144.0 26.63
Kang kong 21 2 75.0 365.0 4.87Chinese cabbage 40 1 9.0 13.0 1.449-10 Kang kong 28 4 109.0 506.0 4.64
Pai-tsai 32 2 44.0 162.5 3.6911-12 Yard-long bean 46 1 1.8 5.5 3.06Amaranth 34 1 23.5 170.0 7.23 

Total 32 597.8 5278.0 
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Table 28. Yield and price record of market garden II, October to December 1983. 

Growing Times Marketable Market Gross 
Plot Crop Period 

(days) 
Harvested Yield

(kg) 
Price
(NTI$) 

Returns
(NT$/kg) 

1-2 Yard-long bean 6" 7 25.0 602.0 20.08 
3-4 Chinese cabbage 12 2 38.8 552.0 14.23 

Garland chysanthemum 71 3 22.0 199.0 9.05 
Sweet pepper 74 1 5.0 16.0 3.20 

5-6 Chinese cabbage 26 1 41.5 581.0 14.00 
Broccoli 57 3 36.5 119.0 3.26 

7-8 Pai-tsai 46 3 81.0 422.0 5.21 
Broccoli 33 1 7.5 245.0 32.67 
Eggplant 54 1 2.0 3.0 1.50 

9-10 Pai-tsai 11 1 16.0 144.0 9.00 
Broccoli 59 5 28.0 406.0 14.50 

11-12 Kang kong 18 2 38.5 375.0 9.74 
Cauliflower 68 3 57.5 288.0 5.01 

13 Chinese leek 92 1 10.0 200.0 20.00 

Total 34 409.3 4052.0 

Table 29. Yield and price record of market garden III, January to March 1984. 

Growing Times Marketable Market Gross 
Plot Crop Period

(days) 
Harvested Yield

(kg) 
Price
(NT$) 

Returns
(NT$/kg) 

1-2 Mustard 6 1 12.0 12.0 1.00 
Broccoli 30 3 26.5 79.0 2.96 
Spinach 38 1 55.5 233.0 4.20 

3-4 Sweet pepper 25 3 19.0 110.0 5.79 
Kohlrabi 20 2 36.0 103.0 2.86 
Celery 56 2 88.0 858.0 9.75 

5-6 Spinach 45 2 52.5 297.0 5.66 
Kang kong 48 2 24.0 129.0 5.38 

7-8 Eggplant 39 5 26.0 91.0 3.50 
Kang Kong 52 1 22.5 97.0 4.31 

9-10 Garland chrysanthemum 45 3 76.0 443.0 5.83 
Spinach 36 2 29.5 708.0 24.00 

11-12 Mustard 20 1 24.0 24.0 1.00 
Celery 56 3 64.0 436.0 6.81 

13 Chinese leek 91 2 40.0 479.0 11.98 

Total 33 595.5 4099,0 
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Table 30. Yield and price record of market garden IV, April to June 1984. 

Plot Crop 
Growing 
Period 
(days) 

Harvested 
Markstable 

Yield
(kg) 

Market 
Price
(NT$) 

Gross 
Returns
(NT$/kg) 

1-2 Kang kong 20 2 43.0 262.0 6.09 

3-4 
Yard-long bean 
Amaranth 

65 
25 

1 
3 

2.0 
52.4 

29.0 
451.0 

14.50 
8.61 

5-6 
Kang kong 
Broccoli 

28 
47 

1 
3 

40.5 
23.9 

138.5 
348.5 

3.42 
14.56 

7-8 
Rape green 
Yard-long bean 

32 
61 

2 
3 

40.8 
12.0 

260.5 
155.0 

6.38 
12.92 

9-10 
Arnaranth 
Kang kong 

23 
24 

1 
2 

29.1 
45.5 

274.0 
303.0 

9.42 
6.66 

11-12 
Mustard 
Amaranth 

35 
19 

1 
2 

10.0 
37.5 

72.0 
290.0 

7.20 
7.73 

13 
Kang kong 
Chinese leek 

30 
91 

1 
2 

32.7 
40.0 

161.0 
379.0 

4.92 
9.48 

Total 24 409.4 3389.5 

Table 31. Yield and profit of AVRDC market gardens July 1983 through June 1984. 

Marketable Yield Wholesale Market Price Cash Costz Profit
(kg) (NT$) (NT$) (NT$) 

Garden I 597.8 5278 513 4765 
Garden II 409.3 4052 454 3598
Garden III 595.5 4099 438 3661
Garden IV 409.4 3389 213 3176 
Total 2012.0 16818 
 1618 15200

Net wholesale profits (US$385) 

'Cash cost includes the cost of seeds, pesticide, and chemical fertilizer. 



New Vegetable Project 

Evaluation of Commercial Cultivars of Five Vegetable Crops 

Introduction 

In view of the diversity of vegetables common to the tropics, the Center has initiated 
a program to evaluate commercial cultivars of five vegetables which were developed in the 
temperate countries since 1982. In the first phase of these project, a total of 646 commercial 
cultivars of five vegetables (sweet and hot peppers, snap bean, mustard, cauliflower, and 
radish) introduced from 17 countries were evaluated in six observational and two advanced 
trials at AVRDC by 1984 (Table I). The results of the final trial conducted for the selected 
entries during summer 1984 are presented with brief summaries of the previous trials here 
in this report. 

The overall objectives of the entire project are the following: 

i. 	 To evaluate the yield and horticultural characteristics of commercially available 
cultivars under tropical environments) 

2. 	 To identify major production constraints and potential for future development of 
the five vegetables 

3. 	To generate information for use in AVRDC's nutrition garden projects and bilateral 
programs, and by the Center's cooperators in Southeast Asia 

4. 	 To broaden the focus of AVRDC research and training programs so they encompass 
a wider range of vegetables. 

Table 1. Number of cultivars evaluated, seed sources, and cultivars selected.z 

No. of Seed Source No. of 
Crops Cultivars no. of no. of seed Cultivars 

Evaluated countries suppliers Selected 
Cauliflower 122 P 34 16 
Mustard 41 7 18 7 
Sweet pepper 126 8 37 9 
Hot pepper 96 12 16 12 
Radish 107 10 45 15 
Snap bean 154 	 9 36 19
 

Total 646 (17) (65) 78
 
'From Feb 1982 to March 1983.
 

Materials and Methods 

As of' December 1984, a total of 62 separate trials, including 45 observational and 17 
replicated trials, have been conducted since the beginning of the project in February 1982. 
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Among them, only 40 trials wet. successful; the rest were destroyed by typhoons, heavy rains 
or other constraints, such as poor germination or diseases. In general, each cultivar was 
evaluated in three seasons (spring, summer, and fall) for one or two years before the replicated 
trials for final evaluation where entries were selected based on their overall performance in 
previous observational trials. 

In 1982 and 1983, 78 cultivars (12%) were selected for final evaluations, once in the 
cool-dry- season in fall 1983 and once in the hot-wet season in summer 1984. The planting 
and harvesting dates as well as number of the entries in the replicated trials in summer 1984 
are summarized in Table 2. 

Table 2. Replicated variety trials of five vegetables in the hot-wet season of 1984. 

Crops EntryNo. Rep
o. 

Plot Size
plant no./ 

Date 
Sown 

Date 
Planted 

Date 
Harvested 

Duration 
(days) 

Hot pepper 12 4 24 04-16-84 05-24-84 08-2-84/ 105 
09-5-84 

Sweet pepper 11 4 24 04-16-84 05-24-84 07-13-84/ 96 
08-28-84 

Cauliflower 16 4 24 04-16-84 05-11-84 06-19-84/ 56 
07-5-84 

Mustard 7 4 24 04-16-84 05-11-84 06-13-84/ 35 
06-14-84 

Snap bean 11 4 48 07-27-84 - - -

(bush type) 
Snap bean 5 4 4 07-27-84 - 10-5-84/ 79 

(polL type) 
Radish 17 4 48 07-13-84 - 08-29-84/ 56 

Results 

Cauliflower (lrassica oleracca var. botr*tis). A total of 16 were selected from 122 
cultivars for final evaluation in the replicated trial conducted during the hot-wet period front 
May II to July 5, 1984. Some cultivars appeared to be quite promising for production in 
the tropical lowland conditions. Chia Tai No. I from Thailand produced 6.6 t/ha of 
marketable curd and had %'ery little incidence of soft ant! black rots (Tables 3 and 5). Mean 
head size was 343 g, and heading rate was as high as 98%. The Japanese Mikado 40 Days 
and the Taiwanese Fl 451 performed equally well in yield of marketable curds and low soft 
rot infection. Black rot was serious even w.th these best performing entries (Table 5). 

It is important to note that these entries showed curd yield and heading rate close to 
those in cool seasons, if the marketable yield was much lower. Low markctable yield was 
attributed mainly to the high incidence of curd breakdown or bract (leafy curd) growth. I 
addition, sonic Fl's were either not high enough in heading rate or not uniform enough in 
head size and head shape (Tai Nong Hybrid 4 Days and Fengshan Extra Early). 

In general, the early cnitivars had much better resistance to high tmperature in terms 
of heading ability. Chia Tai No. 1, Fl 451, and Mikado 40 Days had the earliest maturity 
dates (around or less than 40 days) and were also the best yielders (Table 3). There were 
drastic differences in heading ;:bility amonp varieties in different environments. For example, 
Snow Comet yielded very well during the cool-dry season, but did not produce any curds 
in the hot-wet season (Table 4). 

In addition to tile requirement of heat-tolerant cultivars, the major production constraint 
of cauliflower under hoi-wet environments was disease, especially black and soft rots. The 
early-maturing cultivars, however, were relatively more able to escape black rot owing to their 
short growing period (Table 5). Most of the early cultivars also had less incidence of soft 
rot; however, it was difficult to say whether it was due to varietal resistance or timely escape. 
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Table 3. Total and marketable yields of cauliflower cultivars evaluated 
in advanced yield trial in summer, 1984z 

Coll. Cultivar Name Overall Yield (t/ha)y Origin 
No. Rating total marketable compa.,y/institute country 

1 Fengshan Extra B 10.2cde 4.4bcd Known You Co. Taiwan 
Early 

7 Tai Nong Hybrid B+ 13.7abc 4.8abc Taiwan Nong Tsan Taiwan 
45 Days 

13 F, Zu-Kwang C 6.6e 1.9e Hsing Nong Co. Taiwan 
50 Days
 

15 Summer Earliest B 9.1de 2.9de Fu Nong Co. Taiwan 
40 Days 

26 F, 451 (40 Days) A+ 15.6ab 6.3a Cheng Wen Chiang Taiwan 
27 F, 402 (45 Days) A 12.3bcd 4.4bcd Cheng Wen Chiang Taiwan 
34 T.S.S. No. 1 B 16.3ab 5.8ab Taiwan Seed Service Taiwan 
37 Mikado 40 Days A 16.8a 6.5a Mikado Co. Japan 
39 Mikado 50 Days C+ 11.Ocd 2.9de Mikado Co. Japan 
40 Mikado 55 Days C 0.0f O.Of Mikado Co. Japan 
44 Snow Queen C+ 11.0cd 3.2cde Takii & Co. Japan 
68 Kibo Reuzen R.S. C 0.Ot 0.0f Royal Sluis Netherland 
72 Piracic.aba do Verao C 0.8f 0.2f EmbrapalCenargen Brazil 
80 Chia Tai # 1 A 17.6a 6.6a Chia Tai Co. Thailand 
81 Snow Comet C 0.0t 0.Of HeungNong Co. Korea 

106 Santa Elisa No.2 C 0.3f 0.01 Embrapa/Cenargen Brazil 
zDate sown: April 16, 1984: date transplanted May 11, 1984; date harvested: June 19 to July 5, 1984; 
experimental design: RCBD, lout replications. YMean separation within columns by Duncan's multiple 
range test at 5% prnbability level. 

Table 4. Performance of selected cauliflower cultivars in various 
growing seasons from 1982 to 1984 at AVRDC. 

Marketable Curd Yield(t/ha) Mean' 
Entry Name 1982 1983 1984 HT 

--- sp fall' spz fallY su M (%) 

Fengshan Extra Early 8.2 8.0 7.5 11.5 4.4 7.9 44.9
 
Tai Nong Hybrid 45 Days 10.0 9.3 8.4 13.2 4.8 9.1 42.1
 
F, Zu-Kwang 50 Days 11.6 13.9 8.3 20.3 1.9 11.2 11.1
 
Summer Earlist 40 Days 10.4 5.3 7.7 13.6 2.9 8.0 30.5
 
F, 451(40 Days) 7.6 9.3 8.3 16.2 6.3 9.5 49.2
 
F, 402(45 Days) 10.9 10.5 9.7 - 4.4 8.9 41.9
 
T.S.S. No. 1 6.3 9.7 8.3 13.0 5.8 8.6 50.9
 
Mikado 40 Days 8.2 14.4 6.9 15.5 6.3 10.3 43.3
 
Mikado 50 Days 5.0 10.0 5.5 11.2 2.9 6.9 27.4
 
Mikado 55 Days 3.9 22.2 - 14.2 0.0 10.1 0.0
 
Snow Queen 7.1 12.5 8.3 15.0 3.2 9.2 23.2
 
Kibo Reuzen R.S. 3.6 13.7 - 16.4 0.0 8.4 0.0
 
Piracicaba de Verao 6.8 17.0 - 16.9 0.2 10.2 1.2
 
Chia Tai Of 6.6 13.7 - 15.1 6.6 10.5 45.8
 
Snow Comet 6.2 21.0 - 17.7 0.0 11.2 0.0
 
Santa Elisa No.2 - 17.7 - 16.6 0.0 11.4 0.0 

Mean 7.5 13.0 7.9 15.1 3.1 9.5
 
All entry mean 5.9 10.0 6.0 15.1 3.1 7.7
 

'Ob, , witional tnah; with no replication. YAdvanced trials, replicated four lines. xMean heat
fIoh annc I ting - mearl yield of summer trials/nean yield of fall trials x 1)0%. 
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i. general, some of the commercial cultivars appeared to be quite promising for 
production under hot-wet environments. Cultivars marked as A or A' in overall rating in 
fable 3 are recommended for further testings in the national programs of Southeast Asia. 

Mustard (Brassica.111ccla). Seven cultivars were selected from 41 entries for final 
evaluation in the replicated trials conducted during the hot-wet season in 1984 (Table 6).
Among them, three belong to the heading type, and four to the leafy type. In previous trials 

Table 5. Horticjltaral characteristics of cauliflower cultivars evaluated 
in advanced yield trials in summer, 1984! 

Mean Heading Bak Sf 
Coll. Cultivar Name Plant Head Stand Head Head Head Rate Black Soft 
No. Weight Cover (no/ Weight Length Width Rot (%)Rot (/) 

(g) plot) (g) (cm) (cm; (%) 
1 Fengshan Extra 625 F 23.5 255 9.5 13.7 88.5 52.1 15.8 

Early 
7 Tai Nong Hybrid 660 P 24.0 260 9.9 15.4 99.0 79.2 0.0 

(45 Days) 
13 F, Zu-Kwang 885 F 24.0 428 12,0 18.9 36.5 63.3 22.9 

50 Days
15 Summer Earliest 628 F 24.0 235 ).6 12.1 68.8 70.8 16.6 

40 Days 
26 F,2451 (40 Days) 610 F 24.0 273 3.4 14.7 95.8 74.8 4.2 
27 F, 402 (45 Days) 733 G 24.0 263 3.2 12.5 77.1 38.5 19.8 
34 T.S.S. No. 1 718 F 24.0 270 9.6 16.3 94.8 69.8 2.1 
37 Mikado 40 Days 787 F 23.8 345 11 1 15.7 96.8 75.6 0.0 
39 Mikado 50 Days 608 F 23.3 243 11 3 13.7 85.9 71.6 13.8 
40 Mikado 55 Days - - 24.0 - - - 0.0 65.1 15.6 
44 Snow Queen 580 F 23.8 190 7.6 12.8 93.8 90.6 11.8 
68 Kibo Reuzen R.S. 920 ( 22.8 460 10.6 16.6 0.0 89.5 42.5 
72 Piracicaba do - - 22.5 - - - 5.8 78.1 19.1 

Verao 
80 Chia Tai # 1 758 F 24.0 343 10.4 16.9 97.9 62.5 1.0 
81 Snow Comet - - 23.8 - - - 0.0 67.1 58.8 

106 Santa Elisa No. 2 - - 23.5 - - - 1.1 26.7 6.3 
'Dale transplanteo May 11, 1984. date harvested: June 19 to July 5, 1984: experimental design: RCBD, 
four replications YG = good, F fair: P -poor. 

Table 6. Total and marketable yield of mustard cultivars evaluated 
in advanced yield trials in summer, 19842 

Coll. Cultivar Name Overall Type Yield (t/ha)'' Company/ Country 
No. Rating total marketable Institute 
7 Chih Yeh Pae Shin C* heading 21.8a 2.4d Fong Tien Co. Taiwan 

23 Mustard Green C heading 18.3abc 1.6d Chia Kwang Thailand 
Seng R.O.P. 

25 Giant Curled C leafy 8.1d 6.Obc Watanabe Co. Japan 
26 Embrapa/Cenargen B4 leafy 16.4bc 13.1a Ermbrapa/ Brazil 

No. 1 Cenargen 
30 Crespa B4 leafy 11.1d 8.2b Embrapa/ Brazil 

Cenargen
35 Chinese Mustard C heading 20.Oab 3.3cd Chia Tai Co. Thailand 
36 Tendergreen B leafy 15.9c 12.Oa Abbott & Cobb U.S.A. 

'Dale sown Apti 16. 1984: date lransplan ed: May 11, 1984. date harvested: June 13 to 1.1 1981: 
experimental design CBD four replications. YMean separation within columns by Duncans multiple 
range lest at 5>. probability level 
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conducted during the hot-wet seasons in 1982 and 1983, these three heading mustards (Chih
Yeh Pao Shin, Mustard Green, and Chinese Mustard) yielded mostly more than 10 t/ha of 
marketable heads. Their overall mean head yicl6 during the hot and cool seasons in the past 
three years %%as around 13 t/ha (Table 7). 

The leafy mustards were, in general, more promising for lowland production in the 
tropics (Table 7). The smaller difference in their summer yield from that of cool seasons 
indicated better adaptability of these cultivars for production under the hot-wet environments. 

The bolting rate of the leafy cultivars was much less than that of the heading types.
all of which were susceptible to bolting (Table 8). In addition to low heading rate and bolting,
soft rot and turnip mosaic virus were found to be the major production constraints during
the hot-wet season. None of the cultivars of both types were consistently tolerant to these 
two diseases in three years of trials. 

Snap hean (l'hasolus ii'zikiris). Among 154 cultivars being evaluated since spring
1982, 25 were pole-type and 129 were buh-type snap beans. A total of seven separate trials 
were conducted since 1982, but only four were successful (two in spring and one each in fall 
and summer). The only successful trial during the hot-wet season was the trial conducted in 
summer of 1984. The bush-type snap beans did not germin-t, well and were attacked by soil
borne fungi; so no information is available on their performance in the hot-wet season (Tabe
II). 

Table 7. Performance of selected mustard cultivars in various 
growing seasons from 1982 to 1984 at AVRDC. 

Marketable Yield(t/ha) Mean' 
Entry Name 1982 1983 1984 Mean i 

fall' sulsp SU Sp fall- su (0/0) 
Chih Yeh Pao Hsin 24 0 22.2 10.3 21.5 2.4 12.94.6 8.7 105.3 
Mustard Green 190 17.7 5.3 17.2 7.2 20.5 1.6 12.6 96.9 
Giant Curled 8.8 11.7 - 4.2 6.1 16.7 6.0 3.9 53.3 
Embrapa/Cenargen 22.0 10.7 11.0 9.8 9.6 30.2 13.1 15.2 49.5 
No.1
 
Tendergreen 15.0 12 0 3.0 7.0 6.6 32.3 12.7
-. 52.5 
Ciespa 120 15.0 2.0 7.0 7.2 21.6 8.2 10.4 98.2 
Chinese Mustard 25.0 17.0 5.0 7.0 10.7 18.3 3.3 12.3 118.8 
Tendergreen - 98 81 16.0 5.7 12.0 10.4 92.9 

Mean 18.0 14.1 5.6 9.8 7.7 23.0 6.7 11.9
 
All entry mean 17.2 12.6 5.7 7.8 8.2 23.0 6.7 ,0.0
 

'C)'ba;[v IlI;Jlhsl, with no repliatihor YAdvarced trials, replicated four tines. 'Mean HT (mean
 
he liran(,; rallns) :-mean yield of Sl;iri0e lr aI;/meari yield of tall trials x 100/.
 

Table 8. Horticultural characteristics of mustard in advanced yield trials in summer, 1984' 
Coll Plant Head Had Head No. Heading Bolting Disease(%)
Col Cultivar Name Weight Weight Length Width Leaf/ Rate Rate soft TuMV 

(g) (g) (cm) (cm) Pit. (%) (0/0) rot
 
7 Cnih Yeh Pao Shin  175 9.9 8.1 22.1 61.4 28.6 10.9 11.9
 

23 Mustard Green - 160 
 8.0 7.2 18.3 45.7 54.3 9.7 33.0 
25 Giant Curled 435 - - 27.7 0.0 17.50.0 22.8 
26 Embrapa/Cenarqen 795 - - - 16.6 0.0 1.1 9.1 62.4 

No. 1 
31 Crespa 565 - - 59.4 0.0 5.7 8.8 16.4 
35 Chinese Mustard 166 8.1 7.6 19.3 36.2 63.8 8.3 44.8 
36 redergreen 780 - - - 62.2 0.0 0.0 23.6 97.3
 

'Daite .;ow, April lh. 118.1. (tale h;riplanled May 11, 1984; dale harvested: June 13 to 14, 1984;
 
eq,)eii nerlt;d des;i(ri. lPCHL, min reilicaliorws
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Five pole-type cultivars were selected from 25 entries for final evaluation under the hotwet environment of summer 1984. Among them, Cultivars Witsa (South Africa) and Black
Creasback Yuang Ching (Taiwan) produced 17 t/ha of marketable pods in less than threemonths of growing period (Tables 9, 12). Their yield ranged from 21 to 23 t/ha in the cool-dryfall season. These two cultivars were promising for production in the tropics. Cultivar Witsais white-seeded, and Black Creasback is black-seeded. They both produce light green colored
pods weighing 7 to 8 g/pod (Table 10). Witsa is a stringless cultivar, and its eating quality
is rated higher than Black Creasback. 

Most cultivars were susceptible to rust, the biggest problem in snap bean production.
Seed viability was also difficult to maintain in hot-humid environments. 

Sweet. pe)pper (CapsfcunilI atuum L.). Of the 126 cultivars introduced from 37 seedcompanies or institutes of eight countries, only nine cultivars were selected for final evaluationin the hot-wet season of 1984. Some temperate cultivars performed surprisingly well in thehot-wet environment. Cultivar Gypsy (USA) produced up to 36 t/ha of marketable fruits in a replicated summer trial in 1984 (Table 13). The mean yield of this cultivar in the hot-wet season during the past two years was 25.1 t/ha compared to 18.6 t/ha in the cool-dry fall 
season. 

Green Boy (Japan) yielded 39 t/ha in summer 1984 with a mean of' 25.5 t/ha in thehot seasons. Most of the Californian and European culhivars failed to produce fruits underextreme high temperature. Belle Star, Resistant Florida Giant, Yolo Wonder 13, yielded high
only during cool-dry seasons (Table 14).

Table 15 shows the fruit and horticultural characteristics of the selected sweet peppercultivars. None of the thick-walled, large, green-fruited cultivars seemed less desirable during
the hot-wet season. 

Table 9. Marketable yield of snap bean cultiv -s evaluated 
in advanced yield trials in summer, 1984 z. 

Coll. Cultivar Name Overall Pod Yield Origin Growth
No. Rating (t/ha) company/institute country Habit 
2 Pai Chia 7" B 16.1 Nong Seng Co. Taiwan Pole type

11 Heh Jen 4" B 13.7 FTHESY Taiwan

16 Black Creasback B+ 
 17.2 Taichung DAIS Taiwan 

(Yuang Ching)

18 Black Creasback C4 
 14.7 "aichung DAIS Taiwan 

(Hsing Sher)

53 Witsa 
 A 16.9 C & May Co. Africa 

LSD 

zDate sown: July 27, 1984 

NS
dale harvested: Ocl. 5 and 18, 1984. YFengshan Tropical Horticulture
 

Experimenl Station.
 

Table 10. Horticultural characteristics of snap bean cultivars evaluated 
in advanced yield trials in summer, 1984z. 

Coll. N . Cultivar Name Pod Characteristics_ __ __ _ FlowerFlower SeedSeed__
No. color weight (g) length 
__ 

(mm) width (mm) Color Color
 
2 Pai Chia 7" Green 7.1 137 10 
 Pink Black

11 Heh Jen 4" Green 6.6 119 11 Pink Black16 Biack Creasback Green 8.1 135 10 Pink Black
 
(Yuang Ching)


18 Black Creasback Green 7.0 129 11 
 Pink Black 
(Hsing Sher)

53 Witsa Green 9.5 163 12 White WhitezDate sown: July 27, 1981, dale harvesled Oct. 5 and 18, 1984: exoerimental design: RCBD, four
 
replications.
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The major diseases identified were southern blight and bacterial wilt. Almost all plantswere infected by one or more kinds of viruses (tobacco mosaic virus, cucumber mosaic virus,
potato virus y, tobacco etch virus, and pepper mottle virus) by the late growing period. Theviruses seemed to be the most serious problem for production in the tropics. Proper rotation
and selection of soil types could help decrease these diseases. 

Hot pepper (Capsiciuln annuun L.). Among the five species of vegetables tested foradaptation in the tropics with the commercially available cultivars, hot pepper grew best. Theywere generally resistant to heat, saturated soil moisture, diseases, and pests. In the past three years, 96 hot pepper cultivars from 16 seed sources in 12 countries have been screened forproduction under various environments in seven consecutive experiments at AVRDC. Six trials were successful; two in the wet season and four in the dry season (Table 16). 

Table 11. Performance of selected bush-type snap bean cultivars 
in various growing seasons from 1982 to 1983 at AVRDC. 

Coll. Marketable Pod Yield(t/ha)No. Entry Name 1982 1983 mean Seed Source 

springz fallz tally
4 Stringless 13.7 4.1 9.6 9.1 Taiwan Nong Tsan, Taiwan29 Satsukimidori No.2 17.7 4.7 7.8 10.1 Takii & Co., Japan

38 Blue Beach 17.2 3.1 9.1 9.8 Kyowa Co., Japan63 BEF R.S. 12.0 4.9 11.2 9.4 Royal Sluis, Netherland70 RS 1301 (CIMBOLA) 14.3 5.2 6.8 8.8 Royal Sluis, Netherland79 Admires 19.3 4.6 8.7 16.3 Zealand Seeds,Netherland
81 Cascade 20.'8 3.3 11.5 11.9 Agrigenetics Corp.,USA84 Raider 16.7 4.5 10.7 10.6 Agrigenetics Corp.,USA92 Jolanco - 5.5 7.9 6 7 Nunhenis ZadenNetherland97 Felitop - 4.8 8.4 6.6 Zwaan and ZoonNetherland

144 Provider - - 8.6 8.6 Agrigenetics Corp., USA152 Gator Green 15 - - 9.6 9.6 Ferry-Morse Co., USA153 Producer (E-8268) - - 8.1 8.1 Ferry-Morse Co., USA 

Mean 16.5 4.5 9.1 9.7

All enty mean 14.6 4.3 12.3 9.3
 

'Observational trials, not replicated. YAdvanced trials, replicated four times. 

Table 12. Performance of selected pole-type snap bean cultivars 
in various growing seasons from 1982 to 1984 at AVRDC. 

Marketable Pod Yield(t/ha) Estimated'
Coll.
No. N .mean M ESummerEntry Name 1982 1983 1984 HT Yielde R tnRating

sP' Spz ally suO mean (%)(%) (t/ha)
2 Pai Chia 7 inch 20.0 2.7 22.5 16.1 15.3 71.5 16.1 3
11 Heh Jen 4" 14.0 8.6 23.2 13.7 14.9 59.1 13.7 4
16 Black Creasback 17.8 14.9 23.4 17.2 18.2 73.5 
 17.2 2 

(Yuang Ching)

18 Black Creasback 23.5 
 4.2 - 14.7 14.1 - 

(Hsin Sher)

53 Witsa 
 29.7 3.4 21.2 16.9 17.8 79.7 23.7 1 

Mean 21.0 6.8 22.6 15.7 16.1
All Entry Mean 18.4 6,0 22.6 15.7 11.9"Observational trials, not replicated. YAdvanced trials, replicated four times. 'Mean HT (mean

heat tolerance rating)= mean yield of summer trials/mean yield of fall trials x 100%. wEstimatedhot-season yield potential = highest record yield of the cultivar x mean HT. 
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The final trial was conducted from May 24 to September 5, 1984 at AVRDC on 12 
cultivars selected from the previous trials. Among them, three cultivars yielded more than 
20 t/ha of marketable chilies in about one month of harvest period. Cultivar Passion (Taiwan)
yielded high (23.4 t/ha) of marketable fruits, and scored well on appearance and hotness 
(Tables 17 to 18). It was, however, susceptible to phomopsis fruit rot inthe wet season. 

Farmers Newcomer, another Taiwanese cultivar, also produced well and had large fruits, 
but it was not pungent. Hungarian Wax (USA) had yellow-skinned large hot fruits and was 
promising for production in the hot-wet season. It had a determinate growth habit and early 
maturity with fiuits suitable for the fresh market. 

Table 13. Total and marketable yields of sweet pepper cultivars
 
in advanced yield trials in summer. 1984-.
 

Coll. Cultivar Overall Yield(tha)Y Origin
 
No. Name Rating total marketable company/institute Country 

1 Blue Star B 20.7a 20.Ob Known You Co. Taiwan 
20 Citadel C 7.5c 7.4c Peto Seeds Co. USA 
21 Gypsy A+ 37.3a 35.9a Pete Seeds Co. USA 
23 Dalbon B- 19.7b 19.1b Peto Seeds Co. USA 
50 California C 5.7c 5.5c Royal Sluis co. Netherland 

Wonder 
95 Cubanelle B- 19.2b 18.7b Agrigenetics Corp. USA 
90 Yc;o Wonder B C 2.5c 2.3c Agrigenetics Corp. USA 

103 Green Boy A 40.3a 38.9a Kaneko Co. Japan
 
115 Four Corners C 9.2c 8.6c Ferry Morse Co. USA
 
116 Resistant C 10.3c 9.3c Ferry Morse Co. USA
 

Florida Giant
 
117 Belle Star C 8.7c 8.2c Ferry Morse Co. USA 

'Date sown: April 16 1984; date tiansplanted: Ma. 25, 1984; date harvested: July 13 to August 28, 
1984; experimental design: RCBD, four replications. YMean separation within columns by Duncan's 
multiple range test a. 5% probability level. 

Table 14. Perfcrmance of selected sweeet pepper cultivars 
in various growing seasons from 1982 to 1984 at AVRDC. 

Marketable Fruit Yield(t/ha) Mean, Estimatgdw 
__________ __________________________ Manx Summer 

HT YieEntry Name 1982 1983 1984 Mean 
Yield z 
sp fallz spl sul fally suy (0 ) (t/ha) 

Blue Star 4.2 13.0 9.1 16.4 24.8 20.0 14.6 96 23.9 
Citadel 8.3 12.0 5.4 4.0 20.1 7.4 9.5 35 6.9 
Gypsy 9.0 14.0 12.0 14.2 23.1 35.9 18.0 134 48.4 
Dalbon 6.2 16.1 7.9 13.7 32.8 19.1 16.0 60 19.6 
California 2.5 10.3 10.8 4.4 13.1 5.5 7.8 38 4.9 
Wonder 
Cubanelle - 5.1 7.8 14.2 18.0 18.7 12.8 142 26.6 
Yolo Wonder B - 4.2 9.3 2.9 26.5 2.3 9.0 17 4.5 
Green Boy - - 12.0 19.7 224 38.9 23.3 130 50.1 
Four Corners - - - - 22.3 8.6 15.5 39 8.6 
Resistant - - - 26.6 9.3 18.0 3b 9.3 
Florida Giant
 
Belle Star - - - - 28.9 8.2 18.6 28 8.2
 
Mean 6.2 10.8 8.9 10.3 23.4 15.8 14.4
 
All entry mean 4.4 8.5 7.5 8.7 23.4 15.8 11.4
 

zObservational trials, no replication. YAdvanced trials, replicated four times. Mean heal-tolerance
 
rating= mean yield of summer trials/mean yield of fall trials x 100%. wEstimated hot-season yield
 
potential = highest record yield of the cultivar xmean HT.
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Twist Hot (Korea) had good yield in summer and its fruits was good for drying. Hong 
Shan Ho (Korea) was another promising cultivar for summer production and was rated best 
in hotness. 

Viruscs, southern blight, and bacterial wilt caused serious yield reduction in hot pepper. 
Table 15. Fruit and horticultural characteristics of sweet pepper cultivars evaluated 

in advanced yield trials in summer, 1934z. 

Fruit Characteristics 
Coll. Cultivar Name fruit set mean fruit size wall Taste', 
No. rating color wi length width thick(g) (mm) (mm) ness(mm) 

1 Blue Star Fare Dark Green 60.5 86 48 3.4 Excellent 
20 Citadel Very poor Green 43.1 51 51 4.1 
21 Gypsy Excellent L/Yellow 46.9 90 42 4.1 Poor 
23 Dalbon Poor-Fair Green 64.6 95 52 3.5 Good 
50 California Poo. Green 45.0 57 50 3.9 -

Wonder 
95 Cubanelle Fair L/Green 33.4 107 32 3.0 Good 
98 Yolo Wonder B Poor Green 50.4 53 53 3.2 

103 Green Boy Good Green 39.7 95 41 2.6 Fair 
115 Four Corners Poor-Fair Green 50.6 59 54 4.5 
116 Resistant Poor-Fair Green 50.0 60 55 4.1 -

Florida Giant 
117 Belle Star Poor-Fair Green 48.4 54 55 4.3 

zbate sown: April 16. 1984. dde ransplantea: May 25, 1984; date harvested: July 13 to August 28, 1984; 
experimental design. RCBD, four replications. YOnly the selected entries were tested. 

Table 16. Performance of selected hot pepper cultivars in various 
growing seasons from 1982 to 1984 at AVRDC. 

Marketrrhle Fiit Yield(tJha) iMean' 

Entry Name 1982 1983 1984 HT 
S--~-- - Mean (0)spI fall' spI su fally suY N 

Farmers 3.0 4.7 19.2 18.6 20.2 22.0 14.6 1'a2.4 
Newcomer(FI) 
Passion 3.7 5.4 21.2 22.6 22.2 23.4 16.4 166.7 
Young Chiao 3.3 4.3 4 8 2.1 11.6 3.2 4.9 33.8 
Chiao 
672 Hungarian 5.7 4.6 10.0 12.4 11.6 16.7 10.2 182.5 
Wax 
Bulam House 9.6 3.2 13.5 12.2 6.8 13.5 9.8 258.0 
Pepper
 
Early Spring 8.2 3.3 12.4 12.0 7.5 18.4 10.3 281.5 
Green 
Hot Lon9 3.0 -5.7 27.3 12.9 15.2 18.6 13.8 150.4 
Twist Green 2.9 4.2 32.1 10.0 6.6 17.2 12.2 251.9 
Hanulcho 3.3 3.5 14.2 9.5 7.5 9.7 8.0 174.5 
Hong Shan Ho 4.2 6.1 31.0 14.7 13.1 24.0 15.5 202.1 
Early to 3.0 4.1 30.0 15.0 10.0 15.2 12.9 212.7 
Coloring 
Shin Shin 3.2 4.0 34.3 16.4 13.5 13.7 14.2 171.6 
House
 

Mean 4.4 4.4 20.8 13.2 12.2 16.3 11.9
 
All entry mean 4.1 4.4 8.6 6.2 12.0 16.3 8.6
 

'Observational trials, no replicalpon. YAdvanced trials, replicated four times. XMean heat-tolerance 
rating= mean yield of summer lrials/riean yield of fall trialsx 100%. 
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Radish (Raphunus satlJsws). Fifteen radish cultivars were selected from 107 cultivarsfor final evaluation in summer 1984. Among them, Summer Top from Korea and 40 DaysEarly and Radish from Taiwan were identified to have potential for production in the hot-wetenvironments. (Tables 19, 20). In fact, most of the selected entries produced storage roots
easily under hot-wet conditions. 

The problem of most cultivars was the inability to produce uniform marketable roots.The harvest rate (no. of plants harvested per total plant no.) was also low, (Table 21). Thiswas partic'ilarly triie of the open-pollinated Taiwanese cultivars.

Other problems were root branching, 
hollow roots, and insect damage. The most severepest was the diamondback moth. Poor standing also resulted from heavy rains which caused

seed rot and oftien washed away seeds or seedlings. 

Table 17. Total and marketable yields of hot pepper cultivars evaluated 
in advanced yield trials in summer, 1984'. 

Coll. dlt' Name 

No. 


1 Farmers Newcomer 
5 Passion 
6 Young Chiao Chiao 

11 672 Hungarian Wax 
13 Bulam House Pepperx 
14 Early Spring Green 
17 Hot Long 
20 Twist Hot 
21 Hanulcho 
22 Hong Shan Ho 
25 Early to Coloring' 
26 Shin Shin Housey 

Overall Yield (t/ha)Y 
Rating total marketable 

zDate sown: April 16, 1984: dale transplanted: May 24, 
5, 1984; experimental design FlCBD, four replications. 

Col. Cultivar Name fruit 
No. set 

rating 

1 Farmers Newcomer Good 
5 Passion Good 

6 
11 

Young Chia Chia 
672 Hungarian Wax 

Very poor 
Excellent 

Bulam House Peppery Good 
14 Early Spring Green 
17 Hol Long 
20 Twist Hot 
21 Hanulcho 
22 Hong Shan Ho 
25 Early to Coloringy 
26 Shin Shin Housey 

Fair-Good 
Fair 
Good 
Excellent 
Good 
Good 
Good 

A 23.2abc 
A- 25.5a 
C 2.91 
A 17.6cd 
B- 14.3de 
B- 18.9cd 
C+ 19.2bcd 
B+ 18.2cd 
B+ 10.3e 
A- 24.6ab 
B- 15.7de 
B 14.5de 

22.0abc 
23.4ab 

3.2f 
16.7cd 
13.5de 
18.4bcd 
18.6bcd 
17.2cd 
9.7e 

24.Oa 
15.2d 
13.7de 

Origin 
company/insilute country 
Known You Co. Taiwan 
Known You Co. Taiwan 
Taiwan Nong Tsan Taiwan 
Celanese Co. USA 
HeungNong Co. Korea 
Choong Ang Co. Korea 
HeungNong Co. Korea 
HeungNong Co. Korea 
HeungNong Co. Korea 
HeungNong Co. Korea 
Shin Shin Co. Korea 
Shin Shin Co. Korea 

multiple range test at 5% probability level. 'Selfed seeds were used in these entries. 

Table 18. Fruit and horticultural characteristics of hot pepper cultivars evaluated 
in advanced yield trials in summer, 1984' 

1984: date h.rvested: August 2 to September 
YMean separalion within columns by Duncan's 

Fruit Characteristics 
mean fruitsize wall Growthw 

wt length width thick- hot- Habit 
(g) (mm) (mm) ness(mm) ness H 

35.5 151 27 3.0 MH Ind. 
17.5 121 19 2.4 H Ind. 
7.9 112 14 1.9 - Ind.

37.2 130 30 3.2 H Del. 
11.8 112 17 1.8 VH Ind. 
15.1 121 22 2.0 SH Ind. 
17.2 97 21 2.6 H Ind.
9.2 86 19 1.4 H Ind. 
6.1 87 14 1.5 H Del. 

15.2 105 19 2.1 VH Ind. 
14.0 101 20 2.1 H Ind.
14.8 113 19 1.8 VH Ind.

,Date sown April 16, 1981; dale transplanted: May 24, 1984, date harvested: Aug 2 to Sept. 5, 1984;experimental design: RCBD. four replications. YSelfed seeds were used in these cultivars. xSH:slightly hot, MH = moderately hot; H = hoft VII = very hot. wind =indeterminate type: Del. =determinate 
type. 

13 
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Table 19. Total and marketable yields of radish cultivars evaluated 
in advanced yield trials in summer, 1984z. 

Coll. Cultivar Name Overall Yield (t/ha)Y Origin
No. Rating total marketable company/institute country

40 Days Early B+ 13.6ab1 12.6a Nong Seng Co. Taiwan
5 Hsia Hsueh Nan C 9.4def 8.5cde Hsing Nong Co. Taiwan27 Kan Tsu 
 C 7.9ef 7.1cdef Taiwan Seed Service Taiwan
45 Natsuminowasei No.3 C 1O.9bcd 9.Obcde Takii & Co. Japan
58 Radish B 10.2cdef 9.4bcd Chia Kwang Co. Thailand

106 
 Winter Keeper C+ 10.Ocdef 8.0cdier Choong Ang Co. Korea

107 Summer Top B+ 14.1a 11.9ab Choong Ang Co. Korea
109 Muzinzang C 8.2def 6.Oef HeungNong Co. Korea110 Daeburyong C+ 10.5cde 9.5bcd HeungNong Co. Korea
113 Young-Kwang C 9.Odef 5.11 Seoul Co. Korea114 Baeck Kyung C 
 9.Bcdet 8.9bcde Seoul Co. Korea
 
115 Keumbangseok C 9.5cdef 8.3cde Seoul Co. Korea

134 Wuan-Hseng Kan C 7.2f 6.Oef Taiping Cooperative Farm Taiwan
135 Pu-Toung Kan C 7.9ef 6.8def Taiping Coopera'ive Farm Taiwan
165 Ta-Pai C 12.4abc 10.3abc T. Liao Farmer Taiwan167 Mei-Hwa C- 7.4f 6.5def Ta Liao Farmer Taiwan
166 Tau-Yuan C- 8.7def 7.5cdef Ta Liao Farmer TaiwanzDate s;own July I12.198, dale harvested: Aug. 29, 1984 to Sept. 6, 19.34. YMean separation within 

columns by Durican's rnultiple range lest at 5% probability levle. 

Table 20. Performance of selected radish cultivars in various 
growing seasons from 19841982 to at AVRDC.
 

Colt. Marketable Root Yield (t/ha) Mean
 
ESYX
 

No. Entry Name ------- 1982 1983 1984 HT 
 Rating 
sp fall' fally suY (0/)

1 40 Days Early 16.0 10.3 29.2 12.6 17.0 63.6 18.6 55 Hsia Hsueh Kan 14.3 9.3 20.6 8.5 13.2 56.7 11.7
 
19 Kantzu 9.3 11.5 27.6 - 16.1 - 
27 Kan Tzu 14.5 15.2 - 7.1 12.3 46.7 7.1 
45 Nalsuminowasc- 5.2 9.3 21.8 9.0 11.3 57.7 12.6 

No.3 (Yagi)

58 Radish 10.8 16.9 21.9 
 9.4 14.8 48.5 10.6


106 Winter Keeper 44.0 11.7 30,1 8.0 23.5 68.4 
 30.1 2
107 Summer Top 55.0 15.0 33.2 11.9 28.8 49.4 27.2 3109 Muzinzang 80.0 8.6 209 6.0 31.1 31.1 24.9 4
110 Daeburyong 56.0 12.6 22.3 9.5 54.325.1 30.4 1
112 Summer Radish 56.0 10.4 45.6  37.3 - 
113 Young-Kwang 64.0 9.8 46.8 5.1 31.4 18.0 11.5 
114 P'-i- '. 32.0 9.5 32.1 8.9 20.6 42.8 13.7
115 Keumbangseok 40.0 9.8 30.2 8.3 22.1 41.5 16.6
134 Wuan-Hseng Kan - 12.7 23.0 13.96.0 33.5 7.7
135 Pu-Toung Kan -- 13.7 25.9 6.8 15.5 34.3 8.9 
159 Radish No.3  - 57.2 - 57.2 - -
160 House King  - 47.4 - 47.4 - 
161 Radish No.5 
 - - 15.3 - 15.3 - 
165 Ta.Pai - - - 10.3 10.3 - 
166 Tau-Yuan  - - 7.5 7.5  -
167 Mei-Hwa - - - 6.5 6.5 - -
Mean 35.5 11.6 31.1 8.3 21.7 
All entry mean 18.0 7.9 8.331.1 13.1 

"Observational trials. not replicated. YAdvanced trials, replicated four times. xEslimated summer yield. 
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Table 21. Root and horticultural characteristics of radish cultivars evaluated
 
in advanced yield trial in summer 1984-.
 

Coll. Plant Leaf No Root Characteristics Harvest
 
No. Cultivar Name Weight (no./plant) weight length width Rate
 

(g) (g) (cm) (cm) (cb) 
1 40 Days Early 550 21.5 380 22.9 5.6 78.7 
5 Hsia Hsueh Kan 630 16.8 430 17.6 6.5 74.0 

27 Kan Tsu 420 16.1 270 15.5 4.8 75.7 
45 Natsuminowasei No.3 640 22.8 250 20.0 5.2 68.5 
58 Radish 420 22.0 330 21.8 4.8 76.8 

106 Winter Keeper 650 21.1 310 15.0 5.1 78.9 
107 Summer Top 580 ,?3.3 420 19.7 5.8 73.8 
109 Muzinzang 490 17.0 280 14.3 5.2 55.5 
110 Daeburyong 480 14.2 300 18.0 5.0 79.4 
113 Young-Kwang 620 28.3 320 14.5 6.2 38.5 
114 Baeck Kyung 410 23.3 270 14.9 4.9 78.6 
115 Keumbangseok 580 27.1 330 13.8 5.3 76.0 
134 Wuan-Hseng 460 17.3 280 16.2 5.2 57.9 
135 Pu-Toung Kan 400 15.1 270 14.1 5.3 66.1 
165 Ta-Pai 700 17.3 460 16.7 5.6 73.5 
167 Mei-Hwa 340 14.5 210 14.4 4.9 66.2 
166 Tau-Yuan 590 14.7 390 15.1 5.3 68.6 

'Date -sown July 13, 1984, dale harvested Aug 29 to Sept 6. 1984, experimental design. RCBD, four 
replications 

Conclusion 
The first phase of this project to evaluate adaptability of commercial cuh ivars of five 

vegetables under tropical conditions was completed after three years of trials. 
0of the five crops tested, cauliflower and hot pepper seemed to have tile most potential.

Outstanding cauliflower lines included Chia Thai No. I, FI 451, and Mikado 40 Days. The 
best hot pepper cultivars were Passion, Hungarian Yellow Wax, Twist -lof, and Hong Shan Ho. 

All of the cauliflower cutivars tested were, however, susceptible to soft rot (Erwina
carolovora) and black rot (A'antholnolis camnleItris). The best lines, however, cscap.yt qevere
infection because of' their early maturity. Viral diseases, southern blight, and bacterial wilt 
were the major constraints of hot pepper. 

The heat resistance of Chinese radish was rated as adequate in s;everal cultivars. However, 
proper management practices and selection of soil type were important for these cultivars 
to perform normally under wet environments. 

The performance of sweet pepper was somewhat less promising. Most test cultivars 
seemed to lack heat tolerance, although the American variety Gypsy produced approximately 
30 t/ha. 

Snap bean and mustard also perlormed poorly. Almost all mustard lines, especially the 
heading type, werc susceptible to boiling, turnip mosaic virus, and soft rot; whereas the snap 
beans suffered from hieat, flooding, and fungal diseases. In general, the pole-type snap bean 
performed slightly better than the determinate varieties; and the leafy mustard cultivars 
outperformed the heading type. 

As seeds of most superior cultivars are readily available f'rom commercial companies, 
the information gathered here can be given to tile national programs of our cooperating 
countries to promote vegetable production. The results of these trials serve as the basis in 
the selecticn of AVRI)C mandate crops and problem areas for future research. Feedback 
information to seed companies could also assist them to research on the problems of their 
cultivars. 

In phase I1of this project starting from 1985, promising entries will be further evaluated 
at the Center's bilateral projects, and will be tested in our Production System Program under 
specific environments and specific cropping systems incooperating countries. 

http:cscap.yt


Nutrition Chemistry 

Sprouting Properties of Small-Seeded Soybean 

Introduction 

Bean sprout is a traditional oriental vegetable and has become popular worldwide. This
nutritious vegetable is produced indoor, thus, its production is not limited by environmental
conditions. Because bean sprouts can be produced in only a few days all year round without
soil nor pesticides, it can be considered one of the cleanest and most dependable vegetables.
Low yield, a hard texture, and a beany flavor are often claimed as major constraints for
soybean sprout by local producers and consumers. In this study, the sprouting properties and
the quality of a sinali-seeded soybean varieties were evaluated. 

Materials and Methods 

Soybean seeds of four varieties wvith various 100-seed weight were used: AGS2 (5.62),
AGSI54 (11.65), AGS62 (11.11), and AGS210 (19.83). Selected unbroken and clean seeds were
washed and soaked in distilled water for 6 hr tnder room temperature before sprouting. The
sprouting process was carried out under an automatic laboratory sprouting can (Fig I). The 
tap water inlet was adjusted a 10-to water spray at 4-hrto eject 15-min intervals. Unlessotherwise stated, a physical pressure of' 5.8 g/cmin was continuously applied during sprouting 
to improve sprout quality.

An approximate analysis of sprouting conditions was carried out according to the
Methods ,1 the Association of Official Analytical Chemists: the micro-Kjeldahl for crude
protein and color development induced by 2 ,6-dichlorophcnolinidophcnol sodium for ascorbic
acid. Carbohydrate was determined by high perforniance liquid chromatography (HPLC) with
Brand-Bio-Bad I IIIC carbohydrate analysis column (300 x 7.8 mm). All chemicals used were 
pure grade. 

Top water 

Fig. 1. 
Automatic water spray system for bean sprouting. 

Ai pumpi. 

Waste wote 
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Results 

Sprouting properties. A typical sprouting curve of four soybean varieties are shown 
in Fig 2. A clear train was observed: the smaller the seed, the higher the sprout yield. A. 
sprout and seed ratio of 8:1 was obtained for AGS2 after five days. The yield was even higher, 
as the sprouting process was extended. Molds were found on AGS62. These could be a 
genotypic characteristic or the result of poor seed quality. This variety had a higher soluble 
nitrogen 'content than the other three varieties tested and was, therefore, excluded for 
composition analysis. 

Sprout properties of these fo'r varieties are summarized in Table 1. The small-seeded 
soybean had longer sprouts with a smaller diameter. The cotyledon was softer and the sprout 
less crispy. Sprout diameter generally reached its plateau after two to three days. Panels found 
the sprouts from AGS2 acceptable in taste but preferred the short sprouts with bigger diameter. 

Effect of clicnijeal treatment s on sprouting of soybean. In order to improve sprout
quality, 2,4-I) and CaCIk treatments were used. The chemicals were applied three times a day. 
The results are summarized in Fable 2. It showed that 2,4-I) treatnicnt inhibited enlongatiori 
and enlarged soybean sprouts. As a result, it reduced the yield. 

On the other hand, CaCh enlarged tile sprouts but did not reduce the yield. The 
addition of calcium also improved the texture and the crispiness of AGS2. The combination 
of' physical pressure and CaCk treatment seemed to be a promising approach in the sprouting 
of small-seeded soybean. The use of physical pressure and CaCI in this experiment was 

600 
160 In( ), wt. ratio of/ 

500 - 5-day sprout to seed AGS2 

400 -(61 

300 Fig. 2. 

S ' Sprout production of four different varieties 
- GS210 " of soybean. 

20 "1 (4:1) _ 

0 2 3 4 5 

Sprouting Days 

Table 1. Sprouting properties of four soybean varieties.
 
Variety Length Diameter Cotyledonz Crispinessy
 

(mm)____ (mm) Hardness 

AGS2 177 1.75 + + 
AGS154 155 200 + + 
AGS62 50 2.10 + + + + 
AGS210 38 2.40 + + . . 
+ hard I- i harder. f i. I,very I;jrd 4-not Crispy, 1- 4 crispy, + i- +-very crispy. 
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adopted from the mungbean sprout preparation. More detailed experiments are needed to
find the optimum condition for soybean sprouts. 

Chemical colstittents of soybI)efln sl)rotits. Ascorbic acid is a nutrient which is not 
present in the legume seed but is abundant in the sprouts. Daily analysis showed that itincreased during the sprouting process. Tile Vitamin A content of soybean sprouts harvested on 	 the 5th day are summarized in Table 3. The addition of 2,4..D reduced the Vitamin C 
content of soybean sprout, to about 501% of the physical pressure control. On the other hand,CaCI, enhanced it to more than 20 rug/100 g which is comparable to that of mungbean 
sprouts.

Unli'e mutngbean, the soybean seed contains sucrose and oligosaccharides as the major
carbohydrates. Both elements are water soluole and oligosaccharides may cause flatulence.
A 	 Brand-Bio-Rad IIPLC carbohydrate analysis column was used to determine the sugarcomposition of tie small-seeded soybean vaiiety. This column can not successfully separate
stachyose and, raffino.e, but the sum of these two oligosaccharides is expressed totalas 
oligosaccharides (Fig 3).

A sharp decline in sucrose and a rapid increase in fructose were observed during thefirst two days. A slow decrease in sucrose and fructose followed until the end of the sprouting
process. A decrease in oligosaccharides also occurred up to three days, after which the amount 
could not be measured anymore. 

A decline in xylose was also detected, but glucose content remained the same throughoutthe 	entire sprouting process. The addition of 2,4-1) and CaCl, did not affect this general
pattern. (The data in Fig. 3 refers to sugar (mg) per 	seed). The effect of moisture content was adjusted. Carbohydrate loss and consumption duricg the sprouting process may beestimated with the use of thl samc figure. About 60% of 	free sugar was converted to other 
elements or lost during sprouting under our conditions. 

Table 2. Effect of chemical treatment on sprouting properties of soybean. 
Treatment Sprout Yield Length Diameter Cotyledonz Crisptness 

g/g of seed (mm) (mm) Hardness 
Physical pressure 

AGS2 8.0 177 1.75 + +
AGS154 6.0 155 2.00 + +
AGS210 3.0 58 2.40 + + + + ++ 

Phy. 	pressure + 2,4-D
 
AGS2 
 4.0 35 2.20
 
AGS154 
 3.2 34 2.50
 
AGS210 
 3.0 18 2.70 

Phy. 	pressu,- + CaC 2
 
AGS2 
 8.0 160 2.30 + + . . . 
AGS154 5.0 90 2.40 + + . . . 
AGS210 3.0 45 2.50 + + + . . . 

-+hard, -i - harder, I + very hard; -too soFlt. Y not crispy; + crispy: + + + very crispy; 
-too soft. 

Table 3. Vitamin C content of soybean sprout. 

Vitamin C Content (mg/100 g)

Variety 
 phy. press. +2,4-D phy. press. +CaC 2phy. pressure (5x10-5 M) (lx10- 2M)

AGS2 17.2 
 10.0 25
AGS154 	 16. i 11.0 20
AGS210 15.5 6.1 18 
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Conclusion 

Preliminary results showed that small-seeded soybean gave higher sprout yield and softer
cotyledon texture. The addition of CaCI, improved its texture and Vitamin C contemn, and
had no effect on yield. Ilowever, the sprouts were still too long; and so, further improvement
will be needed in the future. 

Effect of Sweet Potato Starch on Digestibility and
 
Feeding Efficiency of Dietary Protein
 

Introduction 

Previous work demonstrated that low digestibility of sveet potato dietary protein is due 
to its starch properties. Isolated sweet potato starch reduces the digestibility of casein, but
this effect can be partially overcome by precooking the starch. Further investigations showed
that slarch isolated from dilferenl varieties had different inhibiting effects. Few lines, such 
as CN1232-9 and C63-74, were identified as containing easily digestible starch. This work 
was conducted to con firm previous resullts ol sweel potato roots produced in 1984. 

Materials and Methods 

To prepare the starch, sweet poalo roots were washed, milled, and filtrated through
a 132-mesh bolting cloth. The I'iItrate was sedimwnted and then air-dried to get tile starch 
f'raction. 

Long-Evans rats of' 10 and 4 weeks o(td were used to determine biological value (13V)
and protein efficiency ratio (PFR), respecti veky. Four rats were used for each treatment. Tell 
percent of casciin was used as protein source for all 	the experienets Stidied. Proteiii contentof sweet potlato\was adjusted by adding an equal amott of starch 	 isolated froni the same
variety bef'ore form ulhat irIg the die. Slarch content of experimental diet was 60% for both 
13V and PER studies. 
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Results 

The effect of isolated sweet potato starch on casein digestibility and biological value 
are summarized in Table 4. Four sweet potato lines were included in this experiment and corn
starch was used as control. These results confirmed our previous study that starches isolated 
from C63-74 and CN1232-9 were easily digestible. Those of two local check cultivars, New 
31 and TNI8, were less digestible, but there was no differentcc between TNI8 and the two 
improved lines. Although the difference in digestibility between corn and these two new 
cultivars was statistically significant, we still believed that the latter were less digestible than 
corn. Since casein was the common protein source for all the treatments, we founJ no 
difference on biological value with one exception (New 31).

Whole sweet potato dry powder was used to study the protein efficiency ratio and feeding
efficiency of selected sweet potato lines. Based on 1983 results, C63-74 and CN1232-89 
represented the highly digestible lines, and CN1219-1 and 941-32, the low digestibility lines. 
A precooked sample of C'N 1232-9 was also included fo' comparison. The PER value of those 
lines are sumnjiarized in Table 5. No statistical difference \w'as onobserved PER among all
the treatments cluring the first two weeks. The difference was observed on the third and fourth 
;\ccks. Corn starch camiestill out better tiban the starches of all tile sweet potato varieties 
tested. I lo\cver, tile PI value of A\'RDC new breeding line CN1232-9 showed no significant
differences froi that l"ofthe corn starch control after four weeks. Precooking of CNl232-9 
did not affect its PER value. 

The feeding efficiency of sweet potato lines was also recorded ('Fable 6). At the fourth 
week, the corn starch diet was significantly better than all the sweet potato diet tested. 
CN1232-9 was again identil'icd as the best line. The low feeding efficiency of sweet potato
diets could be due to tihe low metabolic energy content of this commodity as adjusted through
feed forumlation. The contribution of sweet potato to dietary protein will be limited due to 
its low protein content. The composition of' these amino acids for four sweet potato lines 
are listed in Table 7. 

Soybean meal and yellow corn are generally the major protein source of animal feed 
and the suggosted daily allowance for pigs are crude protein, 14%; lysine, 0.6%; isoleucine, 
0.4%; methiotine, 0.3'/lo ; tryplophai, 0.11 i/; threonine, 0.37%. A calculation was made based 

Table 4. Digestibility and biological value of the sweet potato starch dieF. 
Starch 
Source 

Carbohydrate 
Digestibility 

Fecal 
Nitrogen 

Apparent 
Digestibility 

True 
Digestibility 

Biological 
Value 

C63-74 99.67 a 1.83 b 83.02 a 88.46 a 85.05 ab 
CN1232-9 
New 31 
TN18 

99.69 a 
98,20 b 
99.51 a 

1.80 b 
2.68 a 
1.93 b 

82.37 a 
73.57 b 
79.70 ab 

88.58 a 
82.51 b 
85.78 ab 

87.28 a 
79.79 b 
83.60 ab 

Gorn 99.74 a 152 b 85.78 a 91.39 a 89.22 a 
'Casein as protein source forall the tre;ilments Mear separations,vithin columns by Duncan's Multiple 
Range lest (I)MRTI) atthe 5 level. 

Table 5. Protein efficiency ratio of sweet potato diet.' 

Experimental Period (wk) 
1st 2nd 3rd 4th 

C63-74 2.37 a 2.10 a 2.32 ab 2.29 bc 
CN1232.9 (raw) 2.05 a 2.20 a 2.39 ab 2.46 ab 
CN1232-9 (cooked) 2.28 a 2.02 a 2.18 bc 2.27 bc 
CN1219-1 2.16 a 1.77 a 1.88 c 2.05 c 
941-32 2.03 a 2.04 a 2.22 abc 2.11 c 
Corn 2.77 a 1.97 a 2.64 a 2.60 a 

'Mean s!pqirriitf)r within colurnrs by Duncan's Multiple Test (DMRT) at the 5% level. 
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on the assumption that 25% of yellow corn was to be replaced by sweet potato. Methionine

is the limiting amino acid for all the four sweet potato lines. Since there is not much difference
 
among them, no modification is required when shifting from traditional cultivars (ca. New
31 and TN18) to improved cultivars (ca. C63-74 and CN1232-9) for amino acid supplementation. 

Conclusion 

This study demonstrated that CN1232-9 is easily digestible and has good starch quality.

It can be directly used as feed without cooking. It 
 also has good agronoinic characteristics
 
(high yield, high dry matter, and wide adaptability).
 

Table 6 Feeding efficiency of sweet potato diet.' 

Experimental Period (wk)_ 
1st 2nd 

__ 

3rd 4th 
------ --------- - body' wt......... in grams/i00 g feed .............................


C63-74 24.80 ab 22.00 a 24.35 ab 24.08 bcCN1232-9 (raw) 2030 b 21.80 a 23.70 bc 24.45 bCN1232-9 (cooked) 24.80 ab 22.03 a 23.70 bc 24.70 bCN1219-1 22.43 ab 18.30 a 19.50 c 21.40 d941-32 20.95 t) 20.98 a 22.75 bc 21.83 cd
Corn 2, R5 a 21.25 a 28.43 a 28.00 a
 

"Mean Separation within column uy [)unc;an's Mutiple 
 Range Test (IMRT) at the 5" level. 

Table 7. Cornposition of selected amino acids of four sweet potato lines. 
Cultivars zAmino Acids (mg/i6 g N)

. .. . ... ..
Lys. . .t.e. ! Met.x Trp.w ____ Thr.Y
 
C63-74 130 
 76 23 6.8 53
CN 1232-9 92 68 27 6.0 38
New 31 73 63 28 5.2 28
TN18 94 67 20 5.6 46

'Lys. - lyc;ine, tie -coltitciH1. Mt - nmtiormie Tip, - tryplophan, Thru.threonine. YAnalyzed by the 
arino acid andly.,ei 'Analyzed by the microhiolonical assay wAnalyzed by alkaline hydrolysis. 

Near Infrared Reflectance Spectroscopy for Compositional

Analysis of Soybean, Mungbean, and Sweet Potato
 

Introduction 

Near infrared reflectance spectroscopy (NIlRS) determines compositions through themeasurement of diffuse reflectance of near infrared light. It can analyze several compositions
imnIultancously through proper selection of different filter combinations and provide a rapid,

low-cost, analytical tool which does nor Venerate waste funies. TIhis machine has received
widespread interest and has been su,:ccssfully used for analyzing the compositions of corn,
soyhean, wheat, milk powder, tea, etc. 

This study aimed to measure the reliability of' NIRS inpredicting compositions of 
soy bean, nunghean, and sweet potato to replace or supplernent the presently adopted routine 
analytical procedures in our laborator'y 

Materials and Methods 
Soyhean, in unghean, and sweet potato samples were obtained fron AVRI)C breeders.

Soybean and mnuniucan seeds were ground with i a rotor-speed mill and udy cyclone sample
mill, respectively. Sweet potato cihips were dried at 45°C for 72 hr before grinding. 
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Wet chemical analytical methods for various constituents are as follow: moistutre oven
dry method (105'C); crude profcin-nlicro-Kjeldahl method (Nx6.25); crude fat-soxhlet 
extraction method st arch-perchloric111tr(ier n-hexane; sugar.-anlthrlC Hiethod; acid hydrolysis
method; crude fiber-acid and alkaline hvdrolysis mctiod. 

The Technicon Ilnfraalyzer 400 Connected to Ohc HP 85 personal conputer for data 
recording, and the multiple linear regression piograin prvidcd by the instruimnit conpany 
were used for statistical analysis, filter selcction, and cibraltion. The statistical parameters
used were the correlation coefficient, standard error of prediction, and skew of the prediction 
curve. Those factors were adopted for the j'ilter select iou procedtr, of this study. 

Results 

The NI!RS technique is a major breakthrough in routine commodity analysis. There are 
many factors which influence the periforniance o NIRS: its physical design, the statistics 
package, laboratory analysis, and the selection and presentation of samples. The statistic 
package provided by the instrument comlpany is basically a stepwise regression program by 
which the best set of filter comnbination isselected for prediction. 

An accurate, precise, and s andard laboratory analysis is essential for the successfl 
application of NIlKS, against which the equipilent is to bc calibrated. It is generally accepted
that the coefficient of, variance (CV) for laboratory analysis should not e (ceed 2.5%. Since 
each standard laboratory alysisi Method has certain Isstulptions, the CV o! standard 
laboratory analysis varies accord ing to lhii inture of constituent and commodity1. The ('V
of laboratory and NIRS analysis are listed in Ta ble 8 for comparison. The C 'Vof most 
constituents analved by laboraiory nuthods were less tha:i 2.51,'o, exceplt those of sugar iand 
crude fiber of sweet potato. [lie ('V ibserved wit h NI RS were less thanii that of the ,coiiventional 
method for all the constitulents teusted, eccpt for soVeaii fat. 'I'lesc iesUlts stLggest tile NIRS 
analysis carried out in our laboratory ;s acceptable for routine :nialysis.

lhcre are no standard Iethod to dceternille the number of filters required for a most 
reliable prediction of' a given constituent. At least two sets of samples are reqluired for 
calibrotion and filter sclection. Iliree to six a imore reliablefilters gave prediction for niost 
constituents tested. 

Conditions and statistical inforiatio for afl tie coistittueljts tested are stuiiuized in 
Tabie 9. lhe correlation coefficient (,-) of file calibralion curve Vaiied fromi 0.92 to 0.99. 
Const ituneiis with relatively lower R' were iii ligbean starch, aiid sweet potato :;ugar, and 
starch. This lower value was partially due to tie gigher ('V of' tle colvent ional method and 
its operational defiiiition. The accuracy of N<S was expressed by tile standard error of 
prediction (.[jP) which varied troii 0.10 to (.68 iiiidu our experimental conditions. However, 
acculracy is a subjective Matter dependitui oii tile ptrposC of tile analysis. Since most of our 

Table 8. Coefficient of variance of replicated analysis. 

Commodity Constituent Coefticient of Variance (%) 
conventional method NIRS method 

Sweet potato ioisture 1.226 1.042 
protein ..343 1.310 
sugar 3.404 2.077 
starch 2.051 0.963 
crude fiber 4.292 2.760 

Soybean moisture 0.775 0.457 
fat 0.552 0.830 
protein 0,864 0.576 

Mungbean moisture 1.585 1.145 
protein 1.039 0.999 
starch 2.086 1.095 
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analysis were for varietal evaluation, and the standard error of the field experiment was larger
than SEP, both precision and accuracy for NIRS were acceptable for our purpose.

NIRS, as Technicon 400, is a semiempirical technique which requires calibration with 
a set of data by a primary laboratory method for each particular compound. Unknown samples 
were quantified through a calibrated prediction equation. This appror .,,, however, did not 
guarantee an accurate prediction for new unknown samples of different varieties or cultural 
practices. Table 10 summarizes the data of two sets of prediction samples. A twofold difference 
on SEP can be observed between these two prediction samples. Meantime, the skew value 
changed from less than I to more than 1. Changing filter combinations did not reduce the 
difference. 

Table 9. Characteristics of selected calibration curves for soybean, mungbean, 
and sweet potato. 

RB of Content SEP of No. of 
Commodity Component Bestombination Calibra- Range of Sample Calibratior, Sample forCommoditybCotoftion Ranest CalibrationFilter 

Curve Test 
Soybean moisture 3,4,6,10,16 0.99 6.73-13.1 78 0.11 20 
Soybean protein 8,9,11,12,17 0.98 32.87-43.22 100 0.28 26 
Soybean oil 6,13, 15 0.97 14.97-21.67 39 0.21 23 
Mungbean moisture 11,12,14,17,19 0.99 6.97- 12.47 129 0.10 16 
Mungbean protein 4,9,10,12,20 0.99 19.64-27.61 136 0.18 16 
Mungbean starch 2,4,13,14,15 0.92 35.59-44.36 61 0.48 25 
Sweet potato moisture 5,10,16,17,20 0.97 3.48-9.71 50 0.13 24 
Sweet potato protein 3,6,7,12,14 0.98 1.47-11.07 70 0.24 33 
Sweet potato sugar 10,13,14,15,20 0.93 7.66- 19.79 101 0.33 25 
Sweet potato starch 4,5,6,10,13,16 0.97 44.33-73.78 86 0.68 20 
Sweet potato fiber 6,7,8,10,11,16,19 0.93 1.31-4.69 62 0.22 28 

Table 10. Influence of filter numbers and combination on the accuracy 
of NIRS for the determination of soybean oil content. 

Filter Filter Calibration Test I Calibration Test II 
No. Combination SEP, R skew SEP z R skew 
3 6,13,18 0.213 0.983 0.94a 0.410 0.981 1.034 
3 6,13,15 0.211 0.984 0.970 0.411 0.981 1.040 
3 8,13,18 0.225 0.981 0.954 0.406 0.981 1.038 
4 8,12,18,20 0.242 0.977 0.947 0.489 0.973 1.041 
4 8,13,15,20 0.218 0.984 0.937 0.436 0.979 1.033 
4 10,12,18,20 0.226 0.980 0.955 0.477 0.974 1.037 
5 8,10,13,15,20 0.381 0.952 0.836 0.491 0.973 1.050 
5 12,14,15,16,19 0.288 0.972 0.929 0.421 0.982 1.045 
5 8,10,13,18,20 0.236 0.980 0.896 0.470 0.975 1.043
 

ZStandard error of prediction.
 

Conclusion 
Results suggest that checking each batch of s;,mple with conventional method is still 

probably needed to ensure that the accuracy of NIRS prediction is within the acceptable range.
Improvement on this regard is needed if NIRS is to be widely acccpted for broader application. 

Preliminary Studies on Optimum Beancurd-Skin 
Processing Conditions 

Introduction 
Traditional soybean foods can be classified into two groups: fermented and nonfermented. 

Beancurd skin ("toic") is a nonfertnented soybean food. It is formed on the surface of 

http:1.31-4.69
http:44.33-73.78
http:1.47-11.07
http:3.48-9.71
http:35.59-44.36
http:19.64-27.61
http:14.97-21.67
http:32.87-43.22
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soybean milk during gentle heating. Usually, it is dried at room temperature and stored forseveral months. It is without any strong flavor and is rich in protein (around 50%) and fat(25%). It is often produced by hand in small factories, although there is mass-production
technology available. The potential of this nutritious product for developing countries has 
been overlooked. 

Yield and quality of beancurd skin are affected by temperature, pH, ingredients, andsoybean quality. Optimum conditions for its production are studied in this report. 

Methods and Materials 

Seeds of AGS 210, 154, 62, and 2 harvested in 1983 were used for variety comparison;and AGSI29 harvested in 1983, 1982, and 1981 were selected to study the storage effect.The flow diagram of beancurd-skin production is shown in Fig. 4. Three different beanwater ratio-l:6, 1:8, and l:10-were used to determihc topic yield and quality evaluation.Processing carried out in a flat aluminum pan and hot plates was used for temperature control.Unless otherwise stated, beancurd-skin formation was under the following conditions: beanwater ratio= 1:8, temperature = 85°C, milk depth = 1.5 ctn. Protein and fat were analyzedaccording to thc AOAC method. Color and flavor were evaluated by a laboratory panel
subjectively. 

Results 

Boiling 40%'o of' the desired water and adding it to the ground beancurd skin resultedin better yield and higher protein and oil recovery. The results of the different bean-waterratio on beancurd skin yield and quality are summarized in Table 1I. Higher bean-water ratioincreased protein and fat recovery and thus, of yield per unit weight of seed. However, 

Sob a 
 I Etract Filtrat 
Son orak hr Grnd fo5 min 
or overn'ghl in blender 

Fig. 4. Flow chart of topie production. 

Table 11. Effect of bean-water ratio on yield and quality of beancurd skin (topie). 

Bean-Water Rati
1:6 
 1:8 
 1:10

Topie yield (g/100 ml SM)' 4.8 4.1 3.2 
(g/lO0 g SB)Y 31.9 37.5 37.4Protein recovuty (%) 46.1 53.8 52.8

Oil recovery (%) 44.3 50.0 49.8Efficiency (gr topie/min) 0.54 0.48
Specific weight (g/cm 2) 

0.39 
0.12 0.12 0.10

Color' + + + . . .Beany flavor' + +
Protein content (%) 

+ + 
53.7 53.3 52.5Fat content (%) 25.2 24.2 

Moisture content (/) 
24.2 

4.6 5.0 4.4
'SM - soy mrk. YSB soybean. XColor: + = pale yellow: + + light brown: ++ + = dark brown.WFlavor: + .- minimal. + + =severe; 
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production efficiency expressed in grams of beancurd skin produced per unit of time, was 
better with th lowest bean-water ratio. The topie also had a lighter color. 

The results of the two temperatures (75°C and 90°C) tested for topie formation are 
summarized in Table 12. In general, the recommended topic formation temperature is just
below the boiling point. Although this temperature (90'C) did not influence yield and protein 
recovery, it improved efficiency and quality. Four depths of soybean milk in the flat pan
during topic formation were compared and the results are summarized in Table 13. A highe
yield and protein recovery resulted with the depth of 2.5 to 3 cm. However, it reduced quality;
the beancurd. skin had a darker color and stronger beany flavor. 

The effect of soybean variety on topie production is shown in Table 14. Of the four 
soybean varieties (AGS210, AGS62, AGSI54, and AGS2) used, AGS62 produced an 
unacceptable topic with very poor texture. The soybean with larger seed size tended to have 
higher topic yield and better protein and fat recovery.

AGSI29 harvested at different years and stored at room temperature was used to study
the duration of soybean quality for topic formation. The results are summarized in Ta6le 
15. Beancurd skin prepared from beans stored for three years had a very bad odor and poor
quality. It also had lower yield and poor protein and fat recovery. Yield and quality from 
the 1982 and 1983 harvests were comparable. Since the soybean used were harvested from 
different trials, i! was not determined whether the poor topic yield and quality of the 1983 
soybean was entirely due to the effect of storage. 

Conclusion 

Information in this nonreplicated preliminary experiment is certainly not enough to 
recommend appropriate topie-niaking conditions. The strength of topic film, the effect of 

Table 12. Effect of temperature on topie formation. 

750C 900C
 

Topie yield (g/100 ml SM)z 4.84 4.83 
(g/100 g SB)Y 44.4 44.5 

Protein recovery (%) 63.3 63.8 
Efficiency (9/min) 0.45 0.48 
Specific weight (g/cm2) 0.122 0.122 
Color' + + + 
Beany flavorw + + + 
Protein content (%) 53.0 53.3 
Oil content (%) 24.2 25.1 
Moisture content (/) 4.0 5.0 

ZSM = soy milk. YSB = soybean. xColor: + = pale yellow: + + = light brown. wFlavor. + = minimal;
 
+ + = severe.
 

Table 13. Effect of different depths of soy milk on topie formation. 

1.0 cm 1.5 cm 2.0 cm 2.5-3.0 cm 
Topie yield (g/100 ml SM)Z 4.49 4.56 4.69 5.52 

(g/100 g SB)y 36.82 38.30 38.46 46.36 
Protein recovery (0) 50.09 55.6754.53 67.35 
Efficiency (g/min) 0.48 0.540.56 0.58 
Specific weight (g/cm2) 0.121 0.134 0.118 0.137 
Color' + + + + + + 
Beany flavorw + + + + + 
Protein content 50.5 52.9 53.8 54.0
 
Oil content 25.1 25.3 25.5 25.9
 
Moisture content 5.8 5.3 3.5 5.9
 

ZSM = soy milk. YSB = soybean. xColor: + =pale yellow; + + - light brown. wFlavor: + - minimal;
 

+ + = severe. 
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chemical ingredients, and the storage properties of topie formed under various conditions alldeserve further investigations. From this study, however, it can be determined that carefullyselected seeds which have not undergone long storage, processed under a bean-water ratioof 1:8, and gently heated at 90'C in a milk depth of 2.0 to 2.5 cm may provide the basic
requisites for beancurd-skin processing. 

Table 14. Effect of soybean variety on topie formation 

Seed size g/100 seed 
Seed protein content (%) 
Seed fat content (9/a) 
Topie yield g/100 ml SM 
Topie yield g/100 g 
Protein recovery (%) 
Oil recovery (t) 
Efficiency .(g/min) 
Specific weight (g/cmn2) 
Color' 
Beany flavorY 

Topie protein content (/) 

Topie oil content (/) 


'Color: + = pale yellow, + + 

+ 4 + =very strong. 

Table 15. Effect 

Moisture content of soybean (/) 

Protein content of soybean (t) 

O1 content of soybean (/) 

Topie yield (g/100 ml soybean milk) 

Topie yield (g/100 g seed) 

Protein recovery (t) 

Oil recovery (f) 

Efficiency (C.'nin) 

SpecifiL weight (g/cm 2) 

Color' 
Beany flavorY 

Protein content of topie (%) 

Oil content of topie (/) 


AGS210 AGS62 AGS154 AGS2 
21.8 14.5 13.4 9.2 
34.4 39,9 35.7 41.8 
19.7 17.6 16.7 14.0 
4.87 3.92 4.43 3.67 

seed 34.1 27.4 27.9 
50.7 36.0 48.9 37.4 
48.8 34.0 55.8 40.6 
0.53 0.42 0.48 0.45 
0.15 0.15 0.15 0.12 

+ + ++ + + + 
+ + + ++ + + 

51.1 52.3 51.9 56.1 
28.3 21.8 27.7 20.4 

light brown. +++ dark brown. YFlavor: + =minimal, + + = severe, 

of storage duration on topie formation. 

Storage Duration (year)
3 2 1 

7.67 7.70 7.74 
39.0 37.9 37.2 
22.7 19.5 18.1 
4.39 5.27 6.70 

33.4 40.1 40.2 
44.2 55.4 54.6 
41.3 53.5 55.3 
0.49 0.57 0.58 
0.14 	 0.14 0.12 

+ + + + 
x + + + 

51.7 52.4 50.5 
28.1 26.0 24.9 

'Color- + =pale yellow, + + =light brown. YFlavor: + = minimal, + + =severe, x=bad odor not 
acceplaule. 

Flatulence Induced by Sweet Potato 

Introduction 

Last year's study demonstrated that sweet potato can induce hydrogen production inexperimental rats. Starch is probably the major flatulence-inducing substance of sweet potato.This effect, however, can be partially reduced by cooking sweet potato. It was also noticedthat certain sweet potato lines induced more flatus than others. These results suggested thatthe flatulence-inducing substances in sweet potato are different from those of legumes whichare mainly oligosaccharidcs. To confirm these findings, this detailed study on carbohydratecomposition has been initiated both at AVRDC and the VPI State University on the possiblerole of' nonstarch polysaccharides in inducing flatulence. 
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Methods and Materials 

Samples were taken within 24 hr after harvest. The system used for flatulence evaluation 
was the same as in last year. Selected Long-Evans rats (eight weeks old) were not fed for 
24 hr prior to each test day. Each rat was placed in a life-supporting metabolic chamber with 
12 g of testing diet. Hydrogen content of the respiratory air was measured by a gas 
chromatograph 16 hours after feeding. Sweet potato starch or starch of other commodities 
used in flatulence evaluation were all isolated in the laboratory, washed with water, and filtered 
through three layers of bolting cloth (132 mesh). 

The enzymatic hydrolysis procedure for carbohydrate composition analysis was adopted 
from Dr. J. K. Palmer*. Basically, this method separates carbohydrates into three groups: 
free sugar, starch, and nonstarch polysaccharides (NSP). Carbohydrates solubilized in 850/0 
ethanol is defined as free sugar. Starch is estimated by hydrolysis with glucoamyiase. Protein 
was removed by adding protase, and the residual was considered as NSP. NSP can be further 
classified as pectic substances, hen icellulose, and cellulose base on monomer composition and 
hydrolysis condition. 

Results 

The findings that sweet potato starch induces flatulence led us to investigate whether 
other starches have a similar property. Hydrogen production induced by selected starch sources 
are summarized in Table 16. Regardless of the high standard deviation of the assay method, 
these starches can still be classified into two groups: low-flatus (corn, rice, mungbean, cassava, 
and wheat starches) and high-flatus; and (sweet potato, potato, and banana starches). Results 
showed that, other starches, outside of sweet potato, can induce flatulence in experimental 
animals. This property, however, remains to be investigated further. 

Fig. 5 shows that cooking markedly reduced the flatulence-inducing property of selected 
starches. Cooking for 15 to 25 minutes in 85'C was sufficient to reduce flatulence in high-flatus 
starch to the level of less than 20 ml/I g of starch. Cooking, on the other hand, did not 
affect this property on low-flatus starch. These results suggested that flatulence might operate 
through different mechanisms. Table 17 lists the hydrogen production of starch isolated from 
different sweet potato lines. Few lines have been tested in 1983 which were listed for comparison. 

One major constraint to conducting flatulence-stimulation work is the great variation 
among replicatiors as shown by the high standard deviations. One improvement tried this 
year was to select experimental rats on the corn starch diet, and only those which did not 
produce hydrogen were used. In addition, the number of rats were increased from 4 to 6 
for each determination. 'lus, the coefficient of variance was reduced from 50/u down to 
30(1/o and variant diffcrenccs detected statistically. 

Table 16. Hydrogen production induced by various starch. 

Starch Source Hydrogen Production'(m/g intake) 

Sweet potato 69.71 a 
Banana 59.46 a 
Potato 56.84 a 
Wheat 15.89 b 
Cassava 9.93 b 
Mungbean 5.58 b 
Rice 5.04 b 
Corn 1.36 b 

"Mean of eight iatsi, mean separation within columns by Duncan's Multiple Range Test 
(DMRT) at the 5 ievel. 

Dr. J. K. Palmer of the Virginia Polytechnic Invifule alld State University. 
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Although experimental results showed that starch was the major flatulence-inducing
substance of sweet potato, it did not exclude the possibility of other carbohydrate sources,
especially cooked sweet potato. Lines high and low in flatulence, as well as dry and wet in 
texture, were included in the carbohydrate composition analysis. Table 18 summarizes the 

V Sweet pototo 

L~tP'tato 
ft 

Fig. 5. 
Effect of cooking on respiratory hydrogen produc
tion induced by starch." ZCCassava
 

&' Wheat 

5 10 15 20 25 30 35 
Cooking Time (min under 85'C) 

Table 17. Hydrogen production induced by sweet potato starch. 

Hydrogen Production 
Cultivar (H2 mt/i g intake) 

1984 
 1983
 
New 31 90.0 _ 
CN1229-14 75.8 86.3 ± 41.9 
CN1229-2 70.1 59.0 ± 48.5 
CN1108-13 45.8 
CN1219-1 45.7 44.3 ± 40.9 
CN1232-9 41.1 74.1 ± 18.7 
TN57 22.0 55.2 ± 48.6 

LSD (0.05)= 31.2 

Table 18. Carbohydrates of selected sweet potato cultivars. 
Ct;Itivar Moisture Starch Free NSPSL,-ar FlatulenceContent' .-------------0/a dry weight (H2mlIg intake) 
367 86.5 31.9 38.3 18.9 12.3 
CN1121-312 84.9 42.3 26.0 20.6 10.2
CN942-47 80.5 43.8 28.0 13.7 15.1
CN1229-16 69.7 70.4 12.9 8.0 10.9 
CN1425-3 79.1 59.1 12.7 14.3 14.9
C63-74 67.4 67.2 9.1 1.9 10.9
CN1219-1 77.1 63.8 12.2 13.5 23.7 
CN1232-9 82.0 63.3 13.0 15.6 26.2 

LSD (5%) 
15.12 

ZFreh weight b.isis 
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major carbohydrate compositions of selected sweet potato lines. The first three lines are 
typically wet cultivars which contain high free sugar and low starch. CN1229-16, CN1425-3, 
and C63-74 are dry cultivars with high starch and low free sugar contents. 

However, texture characteristics of fresh samples were not very reliable because the 
saccharification process during cooking was not included for consideration. CN1219-1 and 
CN1232-9 are high-flatulence cultivars, but starch content (or free sugar content) was not 
necessarily related to hydrogen induction. A more detailed characterization of its starch 
property is needed for a better understanding of this phenomenon. The NSP composition
of these lines are under investigation at both the VPI State University and AVRDC. 

Conclusion 

Investigation on flatulence inducing properties of selected starch sources revealed that 
sweet potato, potato, and banana induced higher hydrogen production of experimental rats 
than other starches. Carbohydrate composition analysis was applied to high-and low-flatulence 
sweet potato lines. No definite relationship was observed between flatulence-inducing property
and carbohydrate composition. Part of the difficulty is the high CV of the testing method. 



------------------------------------------

Soil Microbiohgy 

Introduction Developing a Garden Compost Bed 
The addition of organic matter to tile soil has long been recognized as an essentialcomponent of any cropping system in order to maintain good soil tilth, release plant nutriert,over the growing season, maximize yield, and retain moisture, among others. A modified sheetcomposting method was designed to eliminate the intensive labor requirement associated withtraditional composting methods. The compost/growing beds are constructed once and thenmaintained with the addition of household organic waste materials. This project is aimed todetermine the feasibility, cost, water requirements, and area of application of this type ofsheet composting system in relation to the Home Garden Project. 

Materials and Methods 
Tile sheet compost/planting bed was designed with a specific carbon-to-nitrogen ratio(C:N) for each layer (Fig. I). The C:N ratio was formulated at 38:1, 14:1, and 68 "1 for the

bottom, middle, and top layers, respectively. 

Compost Covering Material
 

rice hulls, nut shells, seaweed/s.igrass, leaf mold, cocoa 
 I
 
beans, dry straw (no weeds), bark chips, sawdust, or any ZO 
local available materials 

Short-term Decomposition
 

horse stable straw, poultry manure + straw, seaweed/ M 
seagrass, leaf mold, 
leaves, grass clippings (no weeds),
 
or anything that decomposes rapidly.
 

Long-term Decomposition CU
 

cardboard, wallboard, newspaper, old cloth 
(cotton). Thin
 
wood, rotted wood, underfelt, thin carpet (cotton 
or >
 
wool), or anything that decomposes slowly. 
 o
 

Nutrient Source Layer
 

chicken, pig, rabbit or cow manure; food scraps; ground -Jcoffee; tea leaves, dolomite (mg/ca); rock phosphate, 0=blood and bone meal, or other sources of organic nitrogen.
 

Ground Level
 

Fig. 1. General model for constructing the layers of a permanent sheet 
composting/growing bed. 
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Plant refuse was gathered front various disposal sites around the AVRDC facility.
Chicken manure and rice hulls were purchased locally. Peanut hulls were acquired from local 
farmers. A listing of the gathered materials, amounts used, analysis of each material, carbon
to-nitrogen ratio by layer, as well as a cost estimate are shown in Table 1. 

Four 1.2 x 2 m plots were marked off, hand-tilled, and worked into raised beds. Normal 
fertility practices used by the garden project were applied to two diagonal plots (approximately 
5.5 kg of bagasse/plot), while the compost piles were layered, as indicated in Table I, and 
water'ed. An analysis of the soil and bagasse amendment is shown in Table 2. Tomato plants 
were planted at the ends of each plot followed by Chinese cabbage. 

Results 

One of the main advantages of this type of planting bed is the fact that the nutrient 
status of the soil is not a cpitical factor. This type of bed also allows wide root penetration
and proliferation, thus, resulting in optimal nutrient feeding. 

Table 1. Analysis of raw materials, C:N ratio by layer, and cost estimate 
of a permanent compost / planting bed plot.z 

Material Dry Wt Nitrngen Phosphorus Potassium O.M. C:N(kg) (0/0) (0/0) (/) (/) Ratio 

Bottom Layer 

Rock phosphate 0.60 0.01 0.001 0.002 0.30 7250.00 
Palm leaves 3.06 0.79 0.27 29 75.00 73.70 
Chicken manure 6.84 2.69 7.18 2.22 35.71 21.56 
Paper 0.04 0.04 0.01 0.02 82.79 1567.57 
Cardboard 0.27 0.27 0.01 0.21 80.40 214.02 
Straw 1.65 0.57 0.31 1.89 64.20 101.58 
Sub total 13.07 Layer C:N ratio 18.43 
Middle Layer 

Straw 1.51 0.57 0.31 1.89 64.20 101.58 
Dry leaves 1.80 1.40 0.25 0.42 57.90 41.46 
Chicken manure 9.00 2.69 7.18 2.22 35.71 21.56 
Mushroom compost 12.85 0.67 0.40 0.53 16.50 86.05 
Peanut hulls 2.90 0.87 0.13 0.42 54.60 66.97 
Sub total 28.06 Layer C:N ratio 13.37 

Top layer 

Peanut hulls 2.90 0.87 0.13 0.42 54.60 66.97 
Soybean trash 1.80 0.82 0.25 0.93 64.20 71.17 
Rice hulls 6.75 0.40 0.11 0.23 59.10 143.56 

Sub total 11.45 Layer C:N ratio 58.56 

Total 52.58 

Cost per 1.2 m by 2 m plot= NT$90.00 (US$2.25). 

ZC:N z carbon-to-nitogen ratio 

Table 2, Analysis of the soil and bagasse amendment. 

pH Ash(%) O.M.(O/o) N(0/3) P(o/o) K(/o) 
Soil 7.54 96.65 1.36 0.71 0.01 0.01 
Bagasse 7.58 69.48 20.70 1.26 1.38 0.65 

http:NT$90.00


365 Soil Microbiology 

The compost/planting beds provided all the nutrients required for vigorous growth ofboth the tomato and Chinese cabbage plants. The check plots showed nutrient deficiencies
in tnmato with less than optimal growth. There was also more insect damage on tomato fruitsin these plots than in those in the compost/planting bed plots. Presently, we have stoppedwatering all plots and will compare the water-holding capacity of the composting beds and 
the check plots. 

Conclusion 

The composting/planting bed concept reduces labor input and water requirements and 
can be planted with high density crops throughout the year. It has tremendous potential inthe Home Garden Program. The evaluation of this type of growing bed is in the early stages
and overall conclusions cannot be made at this time. 

Problems will be met in the availability of enough organic material to build the initialgrowing beds and in providing enough water initially for a good breakdown of organic material 
to humus form. Another potential problem area is in the analysis of raw materials. There
is little information in literature and reference manuals regarding the nutrient analysis of
organic materials that can be used in any type of composting. Consequently, analysis of raw
materials within a particular country would have to be done in order to determine meaningful
carbon-to-nitrogen ratios. 

Produping Small Quantities of Legume Inoculant Cheaply 

Introduction 

Legume inoculants in least developed countries (LDCs) are usually imported from
Australia or the United States at two to three times their normal selling price. Some LDCshave initiated small pilot inoculant-production plants, but in most cases output and quality
control are inadequate, and storage facilities and distribution systems poor. If small quantities
could be produced in legume-growing regions and distributed for immediate use , many of 
the above-mentioned problems would be solved. 

Methods and Materials 

Empt,' laboratory bottles for acids (2 1/2 liters) were collected and cleaned. Two liters
of liquid mannitol, yeast extract media were distributed in each of six bottles and sterilized. 

An actively growing culture of Rhizobium japonicum (5 ml) was inoculated in
six bottles. Two of the bottles were placed on the rotary shaker at 

all 
120 rpm (standard), two were manually shaken three times per day, and the last two remained stationary. The lumber
 

of Rhizobium cells were determined by the plate count 
 method one, three, five, seven, and
 
nine days after the start of the experiment.
 

Results 

The first experiment became contaminated, but it was obvious from the results that
shaking the solution three times per day did not provide adequate oxygen for the rapid growthof Rhizohiuln cells. The experiment was repeated with nine shakings per day, but as can be 
seen in Fig. 2, it still did not provide adequate oxygen for maximum growth. The experimentwas repeated twice more with an oxygen probe to determine the ideal oxygen potential. In
both cases the experiment became contaminated due to our inability to sterilize the probe
adequaiely.

A standard air pun p used to aerate fish tanks was purchased. Holes were drilled in 
a rubber stopper for a glass tuhing through which incoming air could bubble in the media, 
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as well as exit from the bottle. A glass tube stuffed with cotton was placed between the air 
pump and the glass jars and on the exhaust tube to prevent contamination. The experiment 
was run again and the results are presented in the second graph of Fig. 2. 

Rhizobiun growth was much better in the rotary-shaken bottles than in the hand-shaken 
ones. The maximum] number of cells was quite good, but it occurred two days after the control 
standard. Part of the problen was the restriction of the cotton1 filter between the pump and 
the glass bottle. Further experiments are planned to reduce the restriction and increase the 
volume of air bubbling through the liquid media. 

Conclusion 

This method is viable for small batches of inoculant. There usually is a good supply
of empty 2 1/2 liter glass bottles in any type of laboratory facility. The cost of the air pump 
was NT$120 or approximately US$3.00. We will continue to refine this method and look for 
appropriate areas of application. 

,0 ¢ b' / .,.,,-.... ! ,,,"_,' / t Fig. 2. 

o culture with various methods of eration. 

0 

Effectiveness of Fas -Growing Rhizobium japonicum Strains
 
Isolated from Nodules Collected in Vietnam
 

Introduction 

Fast-growing Rhizohium ./iaponicium slrains have only been reported from the People's
Republic of' China (PRC). These strains reportedly inoculate only soybean varieties indigenous
to PRC e.g., variety Peking. Nodules were collected by Dr. Joe Jackobs, INTSOY agronomist,
during a trip to Vietnani in 1982. Isolates of Rhizobium jal)onicui were made from these 
nodules and they appeared to bc of the fast-growing variety. 

Methods and Materials 

Pouch studies were conducied to determine the ability of the Vietnam isolates to noduiate 
with various varieties of soybean. P~ouches were inade witi standard boilable plastic bags that 
were heat-sealed oil three sides. Paper wicks were made from paper towels and inserted into 
the bag. The pouches were placed in a wirc rack, half-filled with 25 ml of a minus nitrogen 
nutrient solution in( sterilized in an autoclave. 

Seeds of the desired varieties were sterilized and sprouted oil moistened filter paper.
Rhizohium strains were grown in liquid niannitol yeast extract media. The sprouted seeds 
were placed in tle sterilized pouches and then inoculated with 0.5 to 1.0 nil of tlie appropriate
Rhizobiwni strain. The rack was thenm placed under fluorescent and incandescent lamps. The 
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pouches were watered alternately with half-strength of minus nitrogen solution or sterile water 
throughout the experiment.

The experiment usually lasted for three to four weeks, at which time the plants were
harvested and the nodules counted. Re-isolation of the organisms can be made from these 
.nodules. 

Results 

Table 3 summarizes the interactions of soybean variety and Rhizobium strain. Twelvepercent of the strains tested nodulated only variety Peking. Twelve percent of the strainsshowed no nodulation with any of the varieties tested. Thirty-six percent of the strains
nodulated two varieties of soybean, and 12% nodulated three varieties.

North Carolina State University also tested the Vietnam isolates using the pouch methodand found that 33% effectively nodulated Siratro. It was believed that the organisms were
not similar to those found in RPC and that they were not the "typical" fast growers. Theyare presently running growth-chamber studies with different varieties of soybeah'.


Re-isolation of the organisms 
 from nodules and planting them on solid media resulted
in good growth in two days, which is typical of fast-growing Rhizobium strains.

Further discussions with North Carolina State University, as well as additional testswill be conducted; to determine the status of the Vietnam isolates. 

Table 3. Fast-growinc Rhizobium japonicum strains isolated from nodules collected
in Vietnam and their ability to form effective nodules on different varieties of soybean. 

Cultivar Cultivarl 
#1 #2 #3 #4 #5 #6 #1#7Y 
 #2 #3 #4 #5 #6 #7Y 

11 r c 29 r c
12 r C 30 x
 
13 r 
 31 x r

14 x 
 r c 32 r

15 
 c 33 x x C
16 x r c 34 
17 x c 35 x r
 
19 x 
 r c 38 

20 x 

x r
 
r c 39 x x r


21 x 
 c 40 x x r 
22 41 x r

23 x 
 42 x x r
 
24 x 
 43 r
25 44 x x r

26 x 
 45 x r
 
27 x x 
 46 x r
 
28
 

'Cultivars: #1 - Peking (G4142); #2 = Peking (G4336); #3 = Alamo, #4 =Hill; #5 =.Jupiter; #6 = Caribe. 
x = fast-growing Rhlzobium re-isolated from nodules.
 
r-fast-growing isolates 
 from nodules being repeated.
 
c = confirmed by NCSU but considered not similar to isolates from PRC.
 

YExperiment done at North Carolina State University with Sirairo. 

Conclusion 

Twelve percent of the strains nodulated only variety Peking, 36% nodulated two
varieties, 120/o, three varieties, and 12%, not any of the varieties. 



368 AVRDC Progress Report 1984 

Effect of the Interaction between Rhizobium japonicum Strains
and Azotobacter Spp. on Soybean Growth and Nodulation 

Introduction 

Previous studies were done on the interaction of Rhizobiun japonicum strains withAzotobacler spp. The work indicated clearly that with the proper selection of Azolobacter spp.,enhanced nodule number and plant dry weight could be realized under laboratory conditions.Rhizobiunijalponicumstrain 184 (R.J. 184) has shown good heat tolerance in greenhousestudies at North Carolina State University and would be a good strain to eventually test
tinder actual tropical conditions. it was, therefore, decided to try and find a strain of.4zotobacter that would enhance nodulation and plant growth as has been previously shown. 

Methods and Materials 

Pouch studies, as previously described, were conducted with three strains of Azotobactef
alone and in combination with R.J. Four soybean cultivars (Alamo,184. Hill, Caribe, andJupiter) were used to ascertainif variety was a factor in enhancing nodulation and plant growth. 

Results 

Overall, there appeared to be problems with nodulation on the pouch technique. It wasobvious from the elongation of the steins that light was also a limiting factor, consideringthe density of soybean plants. There were cases with one replication nodulated and another 
not. Because of limited light, stem elongation was excessive.


There were some indications, however, that the combination R.J.
of 184 and A.beijerinckii in tie presence of Alamo and Hill provided three times as many nodules as R.J.184 alone. There appeared to be an increase in both dry hoot weight and root forweightboth Hill and Alamo (31% and 36%, 47% and 540/0, respectively) above R.J. 184 alone.There was also very little difference between nodule mass, wet and dry. 

Conclusion 

It is felt that the pouch technique is not the best method for this type of study.
Greenhouse studies, utilizing Leonard 
 jars would be much more satisfactory. The results ofthis experiment are believed to be too variable to draw any valid conclusions. The indicationof positive as well as negative influences in the interaction of Rhizobiunx,Azolobacter 
x Cultivar appeared to be present, but the current methodology was not satisfactory. 

Illustrated Reference Cards for Identifying Nutrient 
Deficiencies and Diseases in Tomato 

Introduction 

AVRDC has been working oti tomato for several years. There is enough informationfrom soil scien,-c, pathology, entomology, and published literature to create a comprehensive
and illustrated identification booklet dealing with nutrient deficiencies, diseases, and insect
problems in tomato. 
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Methods and Materials 

Pictures of tomato soil-nutrient deficiencies were copied from the July 1984 issue of 
Organic Gardening'. Tomato disease photoraphs were obtained from the publication 
entitled Identifying Diseasesof Veyetables of the PennsylvaniaState University Photographs 
were mounted on heavy cardboard with titles. On the reverse side the disease or deficiency 
symptoms were described. The cards were then laminated with plastic to prevent soiling and 
water-staining in the field. 

Results 

The cards were made from photographs from literature and publications available in 
the library. The impact of a reference card or manual for tomato, as well as the other major 
AVRDC crops, is obvious. 

Conclusion 

AVRDC should place high priority on developing illustrations depicting the major 
nurient deficiencies, diseases, .,ad insect pests of the mandate crops. A field reference guide 
would greally help I.DCs i, introY',cing intensive vegetable production programs and aid 
extension personnel in diagnosing problems correctly, thus, preventing unnecessary farm 
expenses. 

Foreman, K. 1984. Soil deficiencics. Organic Gardcning 31(7): 36-41. 
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Effect of Nitrogen Fertilization on Soybean Growth 

Introduction 

Under good soybean management, symbiotic nitrogen fixation can supply up to 
100 kg/ha of nitrogen (N), and make up over 50% of the total nitrogen uptake o' soybean.
Without additional nitrogen, the highest yield it can support is still only about 2 t/ha, but 
the application of nitrogen fertilizer suppresses nitrogen fixation. This experiment was 
designed, therefore, to find the optimum nitrogen concentration for both optimum and 
maximum yield. 

Materials and Methods 

The experiment was conducted in summer and autumn in the greenhouse. Smoked rice 
hulls which were used as a culture medium, werc washed repeatedly with distilled water, packed
into 1/5,000 are Wagner pots, and equilibrated with culture solution. 

AGS129 seeds, inoculated with Rhizobium japonicum in advance, were sown on August
8, 1983 (summer trial) and on November 18, 1983 (autumn trial). Everyday, 900 ml of the 
culture solution was added to each pot drop by drop, and the leachate collected every three 
to four days for determination of pH and nitrogen uptake. The constituents of the culture 
solution are shown ir, Table I. 

Results 

In the summer trial, soybean growth increased linearl, with nitrogen concentration. Total 
dry weight, for example, increased by 5.043 g with every I meq increase of nitrogen application 

Table 1. Correlation of selected growth parameters (Y) and nitrogen concentration (X) 
at flower initiation. 

Selected Growth Correlation 
Parameter EquationCoefficient 
Leaf dry, wt Y= 1,4146 +0.0398 x X 0.5563 
Stem dry wt Y= 0.7593+2.48 x 10- 3 xX 0.5729 
Root dry wt Y= 0.4435+4.08 x 10- 4 xX 0.1775 
Total dry wt Y= 28276+5.11 x10-5xX 0.4535 
Plant height Y= 24.6706+5.46 x 0- 3xX 0.0996 
Leaf area Y=504.0/9 + 1.1524xX 0.4710 
Node no. Y= 8.2711 +0.0138xX 0.8638* 
Nodule no. Y = 43.6723- 0.2158 x X -0.6854 
Nodule wt Y= 0.1467-1.14 x10 3xX -0.8910 * 

==sgnificant at the 5% level. 

http:0.1467-1.14
http:24.6706+5.46
http:28276+5.11
http:0.4435+4.08
http:0.7593+2.48
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(Fig. 1). Leaf area also increased by 550 cm2 ; every 100 cm2 increase of the leaf areaproduced another I g of dry matter. There is a linear correlation between leaf dry weightarid leaf area: Iff area increased by 285 cm2 with every I g increase of leaf dry weight
Fig. 2).

A linec, corre!ation was not found between N concentration and nodule formation (Fig.3). A quadratic equation was fitted to each experimental point, and an optimum nitrogenconcentration for the nodule formation was estimated by differentiating the equation.Optimum :oncentration lay in abou, 1.5 meq, and nodule formation was suppressed by bothlow and high rates of nitrogen application (Fig. 4). Soybean yield increased linearly withnitrogen application, but no correlation was seen between yield and nodule production. 

with 
In the autumn trial, most of the selected growth parameters did not correlate linearlynitrogen concentration at the flower-initiation stage (Table 1). As seen in Figs. 4 and5, tile initii! linear increase in nitrogen of up to 35 ppm is followed by a great decrease at70 ppm, and then increased slightly again when 140 ppm of nitrogen was applied. Nodulenumber and dry weight, however, decreased logarithmically with nitrogen application (Fig. 6).The effect of nitrogen concentration on nodu.e formation and yield are summarizedin Table 2. For the calculation of tile correlation coefficient, the experimental data in tlMrange of 0 to 105 ppm N were used (that of 140 ppm was eliminated). Seed weight and numbershowed positive correlation with nitrogen application. However, unlike in the summercultivation, they did not increase linearly, but logarithmically (Figs. 7 and 8); that is, yieldresponse to nitrogen application was initially great, but carbohydrate production graduallybecame a limiting factor with increasing nitrogen level due to decreased light intensity and 

temperature. 
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Fig. 5. 	 Nitrogen concentration vs. total 
dry weight at flower initiation. 
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Table 2. Correlation among nitrogen concentrztion, nodule formation, and yield. 

Dependent (Y) and Correlation
 
Independent Variables Equation Fitted Coefficient
 
Nodule no 11 vs. N Y=49.9279 -7.12984 logX R= - 0.9821 *
 
Nodule wt. 1' vs. N Y=0.208973-0.03921 logX R= -, .3621 *
 
Nodule no. 1 vs. seed wl. Y= 101.704-0.7538X R - 0.8802*
 
Nodule wt. 1 vs. seed wt. Y= 16.6347-0.1376X R= -0.9292*
 
Nodule no. 2Y vs. N Y = 0 534494 - 0.0962982 logX R = - 0.9099 *
 
Nodule wt. 2Y vs. N Y=0.383498 - (2.93364E - 03)X R= - 0.8957*
 
Nodule no. 2 vs. seed wt. Y= 16.3043-0.104395X R= -0.9120*
 
Nodule wt. 2 vs. seed wt. Y= 15.236- 12.6499X R= -0.7620*
 
Seed wi. vs. N Y=9.68571 + 1.01647 logX R=0.944,
 
Seed no. vs. N Y=63.3209+5.72101 togX R=0.9201*
 
Nodule no. at flower
 

initiation vs. Y= 7.35716 + 1.01446X R=0.7837*
 
flowering stage
 

Nodule wt. at flower initiation vs.
 
flowering stage Y = 0.015883 + 2.5201 lX R = 0.9704"
 

ZAt flower initiation slage. YAt flowering stage. *= significant at the 5% level.
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On the other hand, there was a distinctly negative correlation between nodule formation 
at the flower-initiation stage and nitrogen concentration. A similar correation was also seen 
between nodule formation at the flowering stage and nitrogen application; the fitting was 
slightly inferior to that at the flower-initiation stage. Since logarithmic correlation was found 
between seed weight and nitrogen application; a negative linear correlation could be seen 
between nodule formation and seed weight (Fig. 9). 

These facts indicate that nitrogen fixed through the nodule can not provide enough 
amount of nitrogen to support the reasonably high yield of soybean, so an adequate amount 
of nitrogen should be applied throughout the growth period to keep nitrogen concentration 
at medium high, even if nodule formation is suppressed by nitrogen application. 

From the data obtained in the sumnter and autumn trials, the optimum nitrogen 
concentration for economical high yield was about 40 ppm. (Nodule formation was not 
suppressed greatly and plant growth was not retarded due to nitrogen deficiency.) 

Conclusion 

The amount of nitrogen fixed by nodule bacteria was not large enough to support the 
healthy growth of soybean. Though nitrogen application suppressed nodule formation, an 
adequate application of nitrogen was needed for high yield, as well as healthy growth of 
soybean. The optimum nitrogen concentration for economical high yield was about 40 ppm. 
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~Fig. 9. 
00" Seed number vs. nodule number at flowering stage. 
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Evaluation of Symbiotic Nitrogen Fixation of Soybean Isolines 

Introduction 

We have already reported that there is ncgative correlation between nitrogen fertilization 
and nodule formation, but the rate of nitrogen fixation is affected by various factors, such 
as nitrogen concentration, p1, Eli, EC, and water content in the medium. In addition, nodule 
activity varies with the growth stage of plants; therefore, it is very difficult to measure nitrogen 
fixation quantitatively at specific growth stages under different rates of nitrogen application. 
This project aimed to evaluate quantitatively the contribution ratio of symbiotic nitrogen 
fixation to total nitrogen uptake of soybean isolines. 

Materials and Methods 

TFhe experiment was conducted in spring 1984. Soybean isolines, T201 (nonnodulating 
genotype), and T202 (tiodulating genotype), inoculated with Rhizobium japonicum were sown 
on February 24, 1984. Everyday, 900 ml of the culturc solution was added to each pot drop 
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by drop, and the leachate collected every three to four days for determination of pH andnitrogen uptake. The constituents of the culture solution are shown in Table 3. 

Results 

At 10 to 15 days after germination (DAG), T202 was relatively greener and taller thanT201 in the plots applied with 0, 14 and 35 ppm N. The selected growth parameters at floweringstage are presented ir,Table 4. The results showed that there were no significant differencesbetween the two isohnes. The application of various nitrogen concentrations, however, gavea significant difference among the treatments. Regardless of genotype (nodulating ornonnodulating), the application of nitrogen was essential for better soybean growth in theinitial growth stage. At this stage. a sufficient "source" shoald be guaranteed in order toget a sizable "sink", namely, yield. With increased nitrogen application, the parametersshowing size of tihe source also increased steeply (see the columns on leaf number, weightand LAI in Table 2). For high yield, therefore, it is extremely important to keep nitrogenconcentration relatively high in tie medium before the flowering stage.The effect of nirrogen concentration on soybean growth at pod-filling stage is presentedin Table 5. Plant growth of the nonnodulating genotype was considerably retarded below 14ppm N, bit it was comparable to or even exceeded that of the nodulating genotype above35 ppm N; that is, the contribution ratio of symbiotic nitrogen fixation to total nitrogen uptakedecreased dramatically with the increase it, nitrogen application. However, much moresignificant differences were noted in the growth parameters of soybean plants with differentlevels of nitrogen application. Again, therefore, the nitrogen level in the medium at the podfilling stage was a primary factor for high yield, even if the nitrogen suppressed nodule 
formation. 

Table 6 shows the selected growth and yield parameters at harvest. All the yieldcomponents were significantly different between T201 and T202 in the nitrogen range of 0to 14 ppm. However, above 70 ppm N no difference was seen between them. So, as a whole,

only sccd number was significant.


On the other hand, all the yield components increased sharply with an increase in nitrogen
application; so, soybean yield became significant among treatments. Vigorous vegetativegrowth due to high nitrogen applicatiuii was attributed to a great increase in pod number.A continuous high supply of nitrogen until harvest secured enough amount of' "source" forthis sizable "sink". Hence, a heavy application of basal nitrogen followed by vigorousvegetative growth and suppression of nodule formation should always be accompanied byan adequate top dressing, in order to support smooth CO, fixation and its translocation to
the "sink" at a later growth stage.

Correlation coefficients between yield components and nitrogen content in plant tissueat different growth stages is given in Table 7, 8, 9. Leaf area index (LAI) and dry weightof the whole plant at flowering stage highly correlated with yield components and, therefore,with yield. This fact indicates that it is very important to secure a large amount of' "source'" 
at an early growth stage for high yield.

Nitrogen content in the plant tissue is a good index of soybean yield. Increased nitrogenconcentration, especially in leaves, accelerates photosynthetic carbon fixation, thus, makinginitial soybean growth more vigorous and yield higher. As in the flowering stage, both LAI 

Table 3. Subtreatment (nitrogen levels).' 
mg/liler milliequivalent ppm 

0 0 0 
40 1.0 14.0

100 2.5 35.0 
200 5.0 
 70.0 
400 10.0 140.0 

'Source of nitrogen -.NH.140. (28/80) 



Table 4. Selected growth parameters at flowering stage, spring 1984. z 

Treatment 

Main plot 

Plant 
Height 
(cm) 

Branch 
No. 

Node 
No. 

Leaf 
No. LAI 

Root 
Dry Wt 

(g) 

Stem 
Dry Wt 

(g) 

Leaf 
Dry Wt 

(g) 

Total 
Dry Wt 

(g) 

Variety
T201 (nonnodulating) 
T202 (nodulating) 
LSD (.05) 

30.85a 
33.00a 
9.53 

2.85b 
3.15a 
0.25 

8.15a 
8.31a 
3.18 

42.55a 
44.15a 
49.55 

1.12a 
1.24a 
0.36 

3.51a 
3.17a 
2.54 

5.76a 
6.35a 
4.45 

7.13a 
8.64a 
2.41 

16.40a 
18.13a 
3.94a 

Subplot 
N level (ppm)

0 21.75e 
14 27.13d 
35 35.25c 
70 36.25b 

140 39.25a 
LSD (.05) 2.86 

zMeans within a column followed by the same 

0.88b 
1.88b 
3.75a 
4.13a 
4.38a 
1.50 

letter are not 

5.88c 15.38d 0.27e 1.38d 190d 
6.63c 26.38c 0.69d 3.03c 3.68c 
8.88b 51.75b 1.39c 4.83a 7.28b 
9.75ab 60.38ki 1.69b 3.90b 8.38a 

10.00a 62.88a 1.87a 3.58bc 8.85a 
1.07 7.43 0.10 0.67 0.51 

significantly different at the 5% level by Duncan's multiple range test. 

1.95d 
4.88c 
9.60b 

11.00a 
12.00a 
1.08 

5.15d 
11.58c 
21.70b 
23.48a 
24.4.3a 

1.51 "o 
0 

Plant 
Table 5. Selected growth parameters at pod-filling stage, spring

Branch Node Pod Leaf Root 
1984.z 

Stem Leaf Pod Total 
Treatment 

Main plot 

Height 
(cm) 

No. No. No. No. LAI Dry Wt 
(g) 

Dry Wt 
(g) 

Dry Wt 
(g) 

Dry Wt 
(g) 

Dry Wt 
(g) 

Variety
T201 (nonnodulating) 
T202 (nodulating) 
LSD (.05) 

53.80a 
61.15a 
67.98 

2.84a 
2.95a 
2.67 

12.65a 
13.90a 
4.45 

40.00b 
55.80a 
13.82 

61.05a 
67.85a 
25.41 

1.96b 
2.22a 
0.23 

6.96a 
6.61a 

14.36 

19.86a 
21.81a 
9.28 

18.21a 
20.21a 
6.61 

14.20a 
22.58a 
13.98 

59.33a 
71.21a 
44.22 

Subplot 
N level (ppm)

0 31.50c 
14 52.50b 
35 69.13ab 
70 74.13a 

140 60.13ab 
LSD (.05) 20.0z 

zMeans within a column followed by the 

1.00d 
2.25c 
3.00bc 
3.98ab 
4.25a 
1.10 

same letter 

9.75c 15.50e 21.88e 0.39e 3.33b 3.30e 4.58e 
12.63b 34-25d 46.63d 1.20d 5.37b 11.48d 12.25d 
13.38b 47.25c 65.38c 2.19c 8.00a 21.60c 19.78c 
14.75a 62.38b 83.88b 3.02b 8.38a 31.23b 26.65b 
15.88a 80.13a 104.50a 3.65a 8.85a 36.58a 32.80a 
1.22 6.73 13.54 0.48 2.47 4.29 3.48 

are not significantly different at the 5% level by Duncan's multiple range test. 

5.93e 
12.23d 
19.68c 
24.40b 
29.98a 

3.26 

17.13e 
41.33d 
69.05c 
90.65b 

108.20a 
11.00 



Table 6. Selected growth and yield parameters at harvest time, spring 1984.z 
Root Stem Leaf Pod 100 Seed TotalTreatment Dry(g)Wt Dry(g)Wt Dry(g)Wt Dry(g)Wt PodNo. SeedNo. 10Seed Wt DryDry Wt TotDry Wt 

Main plot (g) (g) 

Variety
T201 (nonnodulating) 5.77a 22.55a 18.99a 16.13a 38.80a 197.80b 13.68a 36.63a 100.12aT202 (nodulating) 5.25a 26.03a 21.57a 20.25a 53.50a 254.20a 20.23a 52.92a 126.02aLSD (.05) 6.61 37.36 16.01 13.47 24.14 40.66 16.14 38.92 111.72
 

Subplot
 
N level (ppm)


0 1.20d 3.08d 

14 

4.10e 4.13d 13.75e 57.75e 10.61d 10.19e 22.69e3.68c 10.15c 9.95d 11.00c 29.88d 143.00d 13.80c 22.26d 57.04d35 6.50b 21.48b 18.05c 19.23b 44.63c 215.00c 17.98b 39.38c 104.75c70 8.53a 41.38a 31.28b 27.03a 64.63b 328.25b 20.27ab 66.53b 174.73b140 7.65ab 45.38a 38.03a 29.58a 77.88a 386.00aLSD (.05) 1.30 4.17 4.27 3.15 7.60 
22.11 a 85.52a 206.14a 

33.79 2.82 8.87 19.60 2.Means within a column followed by the same letter are notsicnificantly different at the 5% level by Duncan's multiple range test. 

CD 

Table 7. Correlatior coefficients of yield components and nitrogen content in individual plant tissues at pod-filling stage.z 
Leaf N Stem N Root N Pod N Total Plant 100Content Content Content Content LAI Seed No. Dry Wt Seed Wt 

Leaf N 1.0001* * 0.8620* * 0.7188- * 0.8975* * 0.6656* * 0.7061 * * 0.8013"* 0.7677* * 0.7205*Stem N 0.8b20** 1.0000- * 0.8438 ** 0.7000* * 0.4511 * 0.4775 * 0.5195* 0.5280* 0.5002-Root N 0.7188* * 0.8438* * 1.0000* * 0.5079 * 0.4384ns 0.4650 * 0.3524ns 0.5130* 0.4826*Pod N 0.8975* * 0.7000* * 0.5079* 1.0000- * 0.5431 * 0.6100- * 0.8399- * 0.6547* * 0.6216*LAI 0.6656* * 0.4511 * 0.4384ns 0.5431 * 1.0000" * 0.9859* * 0.7836* * 0.9655* * 0.9856* *
Total seed no. 0.7061 * * 0.4775* 0.4650 0.6100 * 
 0.9859* * 1.0000- * 0.8354* * 0.9758Plant dry wt * 0.9994* *0.8013* * 0.5195* 0.3524ns u.8399 * 0.7836 * * 0.8354- * 1.0000" * 0.8420 0.8372- *100-seed wt 0.7677* * 0.5280* 0.5130* 0.6547* 0.9655* * 0.9758* * 0.8420* * 1.0000- * 0.9768* *Yield 0.7205* * 0.5002* 0.4826* 0.6216* 0.9856* * 0.9994* * 0.8372* * 0.9768* * 1.0000"zNS= not significant =significant at the 5% level: =significant at the 10% level. 

-,1 
.,, 



00 
Table 8. Correlation coefficients of yield components and nitrogen content in individual plant tissues at the flowering stage.z 

Leaf N Stem N Root N Plant 100 TotalContent Content Content Dry Wt LSeed Wt Seed No. Yield
 
Leaf N 1.0000 * 0.8595, * 0.9058 * 
 0.6205 *- 0.7376* * 0.7755- * 0.8444 ** 0.6755 **Stem N 0-8595* 1.0000- * 0.8941 ** 0.4543* 0.5773* * 0.5515- 0.7010Root N ** 0.5171 *0.9058-* 0.8941 ** 1.0000" * 0.5372- 0.6393 * * 0.6927-* 0.7798 ** 0.5952- * 
Plant


dry wt 0.6205 * 0.4543* 0.5372 * 1.0000 ** 0.9775 * * 0.7395 * * 
 0.9146* * 0.9930 **LAI 0.7376 * 0.5773" * 0.6393 * * 0.9775* * 1.0000 ** 0.7615" * 0.9491 ** 0.9880" *
 
100

seed vt 0.7755 ** 0.5515 0.6927* * 0.7395* * 0.7615 ** 1.0000" * 0.8420* * 0.7645* * 
Total 

seed no. 0.8444* * 0.7010- * 0.7798- * 0.9146" * 0.9491 * * 0.8420* * 1.0000" * 0.9429* *Yield 0.6755* * 0.5171' 0.5952* * 0.9930'' 0.9880'' 0.7645'' 0.9429 1.0000 >'NS= not significanl: =-significant at the 5% level. ' =significant at the 1% level. 

Table 9. Correlation coefficients of yield components and nitrogen content in individual plant tissues at harvest.z 
o 

Leaf N Stem N Root N Pod N Seed N Plant 100 TotalContent Content Content Content Content Dry Wt Seed Wt Seed No. YieldLeaf N 1.0000' * 0.9104'' 0.4170ns 0.6148 * 0.5701'' 0.9164 * 0.7526'' 0.9087* * 0.9189Stem N 0.9104" * 1.0000 * 0.5725* * * 0.5147' 0.5269* 0.8790* * 0.7247* * 0.8708* * 0.8811 *Root N 0.4170ns 0.5725 ** 1.0000' * 0.6622- * 0.8073 ** 0.4803' 0.6749 ** 0.5397' 0.4789'Pod N 0.6148 * 0.5147' 0.6622* * 1.0000' * 0.7799* * 0.5787* * 0.6216" * 0.6219' * 0.5769 *Seed N 0.5701 ** 0.5269' 0.8073* * 0.7799* * 1.0000' * 0.6273* * 0.8594* * 0.6917- * 0.6236*'
Plant


dry wt 0.9164 * 0.8790* * 0.4803* 0.5787* * 0.6273* 
* 1.0000 * 0.8170' * 0.990- ** 0.9997* * 
seed wt 0.7526* * 0.7247* * 0.6749* * 0.6216 * 0.8594* * 0.8170- * 1.0000" * 0.8420* * 0.8143" * 

Total
seed no. 0.9087* * 0.8708- * 0.5397* 0.6219 * 0.6917' * Yield 0.9910 * 0.8420* * 1.0000 * 0.9912' *0.9189* * 0.8811 ** 0.4789* 0.5769 ** 0.6236 ** 0.9997' * 0.8143' * 0.9912 ** 1.0000''zNS = not significant: *- significant at the 5% level. **=significant at the 1% level. 

0 
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and total dry weight at the pod-filling stage are a very good index of soybean yield. Close 
correlation can be seen between nitrogen content in the plant tissues and yield.

Yield correlated well with all the parameters at harvest (Table 9). Regardless of genotype
(nodulating or nonnodulating), nitrogen concentration in the plant tissues should be kept fairly
high throughout the soybean growth period in order to obtain high yield. These results also 
indicate that nodule bacteroid cannot supply enough nitrogen to support vigorous soybean
growth; therefore, basal nitrogen application is a primary factor for high yield and top dressing
is necessary to keep nitrogen concentration r. the soil high, thus, making nitrogen uptake
by the plant more smooth in a later growth stage. 

Tables 10 and II show the nitrogen concentrations in plant tissue and the different 
amounts of nitrogen given at flowering, pod-filling, and harvest stages. Nitrogen content was 
not significantly different between T201 and T202 throughout the growth stage. It did not 
vary significantly tip to 35 ppm N in both T201 and T202. However, nitrogern accumulation 
in each plant tissue was ilifluenced greatiy by various rates of nitrogen application (Table
12, see p. 383). Each experimental point was also plotted ona graph for every critical growth 
period (Fig. 10 and 11.)

At the flowering stage, nitrogen was mainly accumulated in the leaves. The accumulation 
in the stem, however, increased steeply above 70 ppm. Leaves were also main accumulators 
of nitrogen at the pod-filling stage and a nearly linear relation could be found between nitrogen
application rate and its accumulation in the leaves. The pod started storing nitrogen at this 
stage and nitrogen accumulation increased sharply with nitrogen application. 

At harvest, more than 60% of nitrogen taken up was transferred to the seed, but nearly
20% (T201) and 16% (T202) of nitrogen were still stored in the leaves. Above 70 ppm N,
leaves were still green and did not fall even just before harvest. These active leaves supported
to produce the huge "source" and "sink". In Tables 5 and 6, leaf' and pod numbers reached 
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Table 10. Nitrogen concentration (%) in plant tissues as influenced by nitrogen application, spring 1984z . 

Variety 

T201 

N Level(ppm) 

0 
14 
35 
70 

140 

Flowering Stageleaves stems roots 
2.33a 1.22a 1.25a 
2.67a 1.49a 1.40a 
3.00a 1.17a 1.43a 
4.72b 2.09ab 1.88b 
5.84c 3.23c 2.21c 

leaves 

1.76a 
2.18a 
1.99a 
3.17b 
4.50c 

Pod-Filling Stagestems roots 

0.92b 1.07a 
0.58a 0.96a 
0.62a 0.83a 
0.89b 0.97a 
1.58c 1.40b 

pods 

0.98a 
1.87b 
1.81b 
2.53c 
2.93d 

leaves 

2.05a 
2.03a 
2.18a 
2.86b 
3.64c 

Harvest Stagestems roots hulls 
'0.79a 0a Oa 
0.48a 1.13b 0.51b 
1.12ab 1.24b 0.35b 
1.64ab 1.18b 0.37b 
2.13b 1.28b 0.82bc 

seeds 

Oa 
4.37b 
4.02b 
4.58b 
5.75c 

0 4.10a 1.98a 
14 3.67a 1.53a 

T202 35 '.oua 1.54a 
70 4.26a 1.71a 

140 5.68b 2.78b 

LSD 0.96" 0.66 
.(.05) (1.53)-- (1.20)

ZMean followed by the sat. , letter in the same 
subplot treatments for the same main plot 

1.85a 3.86a 1.47b 1.10a 3.35ab 2.21a 0.89a 1.65a 0.50a1.61a 3.22a 0.97a 1.01a 2.89a 2.59b -s.33b 1.25a 0.44a1.60a 3.33a 0.89a 1.04a 2.97a 2.86b 1.44b 1.42a 0.43a1.68b 4.01a 1.13a 1.16a 3.28a 3.28c 2.49c 1.46a 0.48a2.31c 4.89b 1.89c 1.87b 3.44ab 3.51c 2.71c 1.53a 0.62a 

0.28 0.83 0.27 0.26 0.42 0.37 0.59 0.66 0.34(1.21) (1.38) (0.40) (1.86) (0.40) (1.46) (0.53) (2.19) (0.63)column are not significantly different at the 5%. level, based on Duncan's Multiple Range Test-
LSD for subplot treatments for different mair plot. 

5.43a 
5.09a 
5.20a 
5.60a 
5.86a 

0.78 
,2.14) 

= LSD for 

> 

Table 11. Nitrogcn content (%) in plant tissues at different growth stages, spring 1984.z 

Treatment Flowering Stage Pod Filling Stage Harvest
leaves stems roots leaves stems roots pods leaves stems roots 

Main plot 
Variety

T201 (nonnodulating) 3.709a 1.873a 1.634a 2.722a 0.916a 1.047a 2.089b 2.551a 1.233b 1.020aT202 (nodulating) 4.298a 1.907a 1.811a 3.861a 1.273a 1.238a 3.186a 2.980a 1.719a 1.563aLSD (.05) 1.944 1.550 1.436 1.766 0.496 2.046 0.241 1.766 0.127 2.706 
Subplot 
N level (ppm)0 3.215c 1.603bc 1.550c 2.805c 1.193b 1.088b 2.338b 2.128d 0.843d 0.963b14 3.165c 1.510bc 1.505c 2.700c 0.775c 0.985b 2.375b 2.305cd 0.908cd 1.193ab35 3.398c 1.355c 1.515c 2.660c 0.755c 0.930b 2.385b 2.523c 1.280c 1.328ab10 4.488b 1.903b 1.780b 3.593b 1.013b 1.070b 2.905a 3.073b 1.930L 1.325ab140 5.753a 3.080a 2.263a 4.700a 1.738a 1.640a 3.185a 3.575a 2.420a 1.650aLSD (.05) 0.678 0.463 0.201 0.588 0.190 0.184 0.295 0.263 0.418 0.465ZMeans within a column followed by the same letter are not significantly different at the 5% level by Duncan's multiple range test. 

pods 

0.408a 
0.498a 
0.813 

0.250b 
0.475b 
0.395b 
0.423b 
0.723a 
0.237 

seeds 

3.742a 
5.442a 
2.720 

2.718c 
4.728b 
4.810b 
4.903b 
5.803a 
0.555 

0 

. 



Soil Science 381 

about 100 and 80, respectively. The stem worked mainly as a storage of excess nitrogen; theroot 	did not accumulate nitrogen at any growth period.
Fig. 12 shows the changes in total nitrogen uptake by T202 and T201 with 
an increasein nitrogen application at three 	different growth stages. Experimental points were tested tofit various kinds of curves, and finally showed the best fit in a logistic curve. This curveis frequently used to predict the growth rate of a living thing. The maximum value of "y"in terms of entering a big value in "x" can easily be calculated. All the experimental points
fitted the theoretical equation well.

It is noteworthy that a sizable amount of nitrogen was accumulated in the plant tissueafter 	the pod-filling stage when more than 	70 ppm of nitrogen was applied. In other words,a great amount of nitrogen must be supplied continuously after the pod-filling stage untilharvest, in order to get extremely high soybean yield. For example, the maximum uptake of'nitrogen by T202 at harvest was calculated to be 711 kg/ha on the following equation:
Y = 8.40/( 1+ 4 .2 826*exp ( - 0. 5 2 00*x)).

On the other hand, the yield of T202 at infinite nitrogen concentration was 8.54 t/ha(Fig. 13) on this equation: I'= 87.80/(1 4-2.780*exp(-0.5191*x). Potenial yield of T202 underthis experimental condition (plant population: approximately 85,000/ha, two plants/hill) was8.54 t/ha; and 711 kg/ha of nitrogen should be absorbed to attain th;s yield level. Then,440 kg/ha of nitrogecn was accunmulated in the seed, that is, nearly 62% of total nitrogen
uptake was transferred to the seed (Fig. 14).

Similarly in T201, for 8.56 t/ha of the yield, 660 kg N/ha and 440 kg N/ha were absorbedin the whole plani tissue and seed, respectively. At the pod-filling stage, 330 kg N/ha and270 kg N/ha should be absorbed for the maximum yield of T202 and T201, respectively, whileat the flowering ,.tagc 11-1 kg N/ha and 95 kg N/ha for T202 and T201, respectively, should
likewise be taken iii. 

From two theoretical equations for T202 and T201, we can evaluate symbiotic nitrogenfixation of' the difflerent gowth slages at any nitrogen concentration. Nitrogen fixationincreases slightly with increase inan the nitrogen concentration of up to 30 ppm and then,it decreases. The results agreed well with the data 	 shown in Fig. 15. Increased nitrogenapplication brought about a linear decrease in nodule number at flowering stage, while noduleweight reached its maximnum at 14 ppm 	N and slightly declined tip to 35 ppm N, its great
loss occurring above 70 ppm N. 

80 1i 4 283 xezp(-O 520XT) 

Y 780T202 1,?05, exp(-0689X) 

T201 

Harvesting stage 

40 y 3 7o Fig. 12.
 
T?0? -'A1. - (0375 N-concentration vs. total
i09xe*( - )

-nitrogen uptake.
IY -- y . Ali _ 

120 	 5,p053>) 
-	 ' ' ep.00%T Y 

0 , Flow e r in g s t a ge 1_ ep( .O4 O _X_ 

250 15 Ino 
N Concen!roton 1eq ) 
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Fig. 13. N-concentration vs. seed weight. Fig. 14. 	 N concentration vs. N contained 
in the seed. 
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At pod-filling stage, plants treated with 14 ppm N obtained the heaviest nodule dry 
weight; and plants that rcc-,ived 35 ppm N garnered the highest nodule number. It has been 
widely accepted that increased nitrogen application suppressed no(ulation and that utilization 
of atmospheric nitrogen by soybean is usually reduced when inorganic nitr gen is added to 
the rooting medium. lowever, our results showed that the addition of low nitrogen levels 
resulted in vigorous nodulation and nitrogen fixation. Nitrogen application is, therefore, really 
necessary to support initial healthy growth of soybean and the consequent high yield. 

Finally, the contribution of symbiotic nitrogen fixation to total nitrogen uptake is 
calculated and presented in Table 13. Thc contribution sharply decreased with increasing 
nitrogen application, and about 50% of nitrogei. uptake was fixed symbiotically when 35 ppm 
N was supplied. The final column in Table 13 shows how much nitrogen is needed to produce 
I t/ha of' soybean yield. The nitrogen requirement for I tof seed was smallest at 14 ppmn 
N and increased with increasing nitrogen concr'ntration. Thus, nitrogen fixation was 
accelerated when less than 14 ppm of nitrogen wi ,supplied. Hlowever, the initial growth of 
soybean was fairly retarded, resulting in a great decrease of soybean yield. Therefore, 35 ppm 
N at which contribution of symbiotic nitrogen fixation to the total nitrogen uptake exceeds 
50% and initial growth retardation of soybean plant is negligible, is considered to be an 
adequate concentration for an economic high yield. 



Table 12. Nitrogen uptake (g/2 plants) of T201 and T202 at different growth stages.z 

Genotype N level(ppm) leaves Flowering Stage Pod-Filling Stage Harveststems roots total leaves stems roots pods total leaves stems(P~m)leave stem rHarvesta roots hulls seeds tota:0 0.021 0.017 0.015 0.053 0.032 0.001 0.041 0.001 0.075 C.025 0.006(39.6) (32.1) (28.3) (42.7) 
0 0 0 0.031

(1.3) (54.7) (1.3) (80.7)14 (19.4) (0.0) (0.0) (0.0)0.109 0.051 0.043 0.204 0.183 0.041 0.005 0.110 0.339 0.132 0.028 0.010 0.031 0.358 0.559(53.4, (25.0) (21.1) (54.0) (12.1) (1.5) (32.5) (23.6) (5.0)T201 35 0.273 0.082 0.084 0.439 0.392 (1.8) (5.6) (64.0)0.128 0.070 0.291 0.881 0.349 0.200 .3088 0.060 1.154 1.851(62.3) (18.7) (19.1) (44.5) (14.5) (8.0) (33.0) (18.9) (10.8) (4.8)70 0.477 0.169 0.071 (3.2) (62.3)0.717 0.850 0.279 0.079 0.524 1.732 0.927 0.689 0.119 0.101 2.820 4.656(66.5) (23.6) (9.9) (49.1) (16.1) (4.6) (30.3)140 (19.9) (14.6) (2.6) (2.2) (60.6)0.677 0.514 0.084 1.275 1.548 0.627 0.130 0.841 3.146 1.420 0.986 0.110 0.248 4.865(53.1) (40.3. 7.629(6.6) (49.2) (19.9) (4.1) (26.7) (18.6) (12.9) (1 4) (3.3) (63.8)0 0.127 0.046 0.030 0.203 0.286 0.087 0.032 0.395 0.800 0.157 0.048 0.036 0.041 1.097 1.379(62.6) (22.7) (14.8) (35.8) (10.9) (4.0) (49.4) (11.4) (3.5)14 0.209 0.061 0.048 0.318 (2.6) (3.0) (79.6)0.518 0.154 0.005 0.538 1.215 0.350 0.193 0.056 0.070 1.853 2.5i22(65.7) (19.2) (15.1) (42.6) (12.7) (0.4) (44.3)T202 (13.9) (7.7)35 0.388 0.117 0.061 0.565 0.663 0.201 (2.2) (2-8) (73.5)0.079 0.692 1.635 0.861 0.361 0.084 0.092 2.600 3.998(68.7) (20.7) (10.8) (40.6) (12.3) (4.8) (42.3) (21.5) (9.0) (2.1)70 0.507 0.156 (2.3) (65.0)0.069 0.732 1.063 0.352 0.101 0.922 2.438 0.991 1.016 0.102 0.129 4.010 6.248(69.3) (21.3) (9.4) (43.6) (14.4) (4.1) (37.8) (15.9) (16.3) (1.6)140 0.704 0.245 0.079 (2.1) (64.2)1.028 1.531 0.633 0.159 1.073 3.396 1.302 1.612 0.103 0.180 5.063 8.260;168.5) (23.8) (7.7) (45.1) (18.6) (4.7) (31.6) (15.8) (19.5) (1.3) (2.2) (61.3)ZNumerical values in parenthesis show the percentages of the total uptake. 

Table 13. Effect of N concentration on contribution of N fixation to total uptake.

N level Contribution of N fixation (% 
of total uptake)(ppm) N Required to Produceflowering pod-filling harvest N Absorbed (kg/ha) 'ield (tlha) 1 t/ha Dry Matter (kg/ha)0 73.9 90.6 97.8 116.7 1.7214 67.8035.8 72.1 77.8 213.5 3.4035 62.8022.3 46.1 53.7 338.5 4.9370 68.662.0 29.0 25.5 528.9 7.17140 0.0 7.4 73.767.7 699.3 8.33 83.95 

00 
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Again, this fact agrees completely with the results obtained in previous two experiments 
on a Center's cultivar, AGS 129. Our results also showed that nitrogen uptake increased greatly
during flowering and.pod-filling. So, it is important that basal dressing of nitrogen should 
not exceed the critical ni!rogen concent ration (35 ppm N), and that top dressing at one week 
or 10 days after flower initiation should be applied to achieve a high economic soybean yield. 

Conclusion 
Logistic curves were the best fit'or each experimental point in seed production and
 

nitrogen uptake of' soybean isol ne, T201 and T202. From theoretical equatiots, the potential

yield of T202 (nodulation genotype) was estimated to 
 be 8.54 t/ha, \which can be achieved 
with the application of 711 kg/ha of' nitrogen. This resulted in the accumulation of 440 kg
N/ha in tht seed. which va' neatly 600'* of' the total nitrogen uptake.

Although ihe contribution ratio of symbiotic nitrogen fixation to total nitrogen uptake

sharply decreased with increasing nitrogen application, it \a.is
confirmed that 35 ppn N gave

tile economic 1miaximImmn soybean yield and the contribution ratio exceeded 5011/o at this
 
concentralion.
 

The addition of low nitrween level,, resaltcd in vigorous nodulat ion and nitrogen fixation.
 
So, a basal dressing of nitrolcnl is hiuhlv ,Ied, it should not exceed the critical
recOmnm but 

nitrogen concentration of 35 ppm. Also, top dressing at oue week or '0 days after flower
 
initiation is rcCommenlCndCd for a hill cCoItomnic yield of Soylbcan.
 

Rational Nitrogen Fertilization for Soybean
Introduction 

It was clarified that 35 ppim N ~as c the nmaximnuni economic yield of soybean and that 
the contribution ol svmbiotic nitrogen fixation to the total nitrogen uptake exceeded 50% 
at this concellntation. Our result, also shoved that nitrogen uptake increased greatly during
fwoering and pod-filling. Ifence, \\-e proposed an adequate basal dressing of 35 ppm N and 
a top dressing at ome \cck or I0days after flIwrC-initiation. 'his project investigated tile 
response of soybeal to nit rogen f'ertilization at different growth periods, and to l'ild a rational 
nitrogen f'ertilization for a high economic soybean yield. 

Material and Methods 

A pol expcrimcil \as comidtlcted in the greenhouse in aitnn 1984. SoVbuatt isolines,
''2)1 and 1'202, \cic sown on Scptenher 2.4, 1984. Seeds germinated oil Septenber 30, 1984 
and thlplnts bar\CstCd oi l)eccmnbcr 13, 1984. 'reatmnlts are summarized in Fig. 16. 

N Fertilization
 
Top Dressing on Days ofter Top Dressing on Days afterGerm
Germ,

Basal 15 30 45 60 Harvest Basal 15 30 45 60 Harvest 
7 T -1 l - I - - I I

VT V V V V 10 __-V . ...... _.. . ..-.. ..2V v V V Iy V ._
2y v v v v 
3 - V 127 7 

Z;-5 VX1 V 

6 y 15 
7 7 16_V V V 
8 \7 17.. ... 

.____ 
 V N:0.5g V N--0.3g VN:O.2g 

Fig. 16. Nitrogen fertilization of soybean isolines T201 and T202. 
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Results 

The effect of nitrogen applied at different growth stages on selected growth parameters 
and yield components of soybean isoline is summarized in Table 14. Pod number increased 
greatly with the application of nitrogen at 30 days after germination (DAG) (Treatments 1, 
2, 19, and 12). If the application rate of basal nitrogen is low, top dressing should be conducted 
before and/or at flower-initiation time. Top dressing at 45 DAG did not increase pod number. 
Table 15 shows the fa:t very clearly. In T201 (nonnodulating genotype) all the treatments 
which received nitrogen at 30 DAG gave a much higher pod number than the other treatments 
which received no top dressing at pod-initiation stage or later. 

The last column of Table 15 shows the contribution of symbiotic nitrogen fixation to 
total nitrogen uptake. The treatments which did nct receive nitrogen top dressing at 30 DAG 
showed great numerical values. In other words, a great loss of pod number occurred when 
nitrogen was not applied at 30 DAG. Therefore, top dressing at 30 DAG combined with an 
adequate basal dressing is very important to secure enough pod number. It is noteworthy 
that optimum top dressing time lies at around the pod-initiation stage.

When a relatively high rate of nitrogen was applied as basal, 100-seed weight increased 
considerably. Nitrogen top dressing at either 30 DAG or 45 L)AG was best when basal nitrogen 
was relatively low. Seed weight was greatly recovered, but still there was a sizable difference 
between T201 and T202 -50% greater in T202-(Table 16). Therefore, a continuous supply
of nitrogen at a relatively low 	rate tiroughout its growth stage an' a top dressing at either 

tt:45 DAG or 30 DAG produce heaviest seed weight. 
There is a significant differente in seed weight between T201 and T202 -60% greater

in T202. The treatments with nitrogen at 30 DAG gave extremely high yields (Table 17). Plants 
which received 0.3 g of basal nitrogen, but no top dressing produced 3.6 g/plant (No. 5). 
but the plants which received another 0.2 g N at 30 DAG produced 7.0 g/plant. Hence, a 
100% increase in soybean yield resulted from the top dressing at 30 DAG (No. 6). When 
0.5 g each of nitrogen was applied as both basal and top dressings at 30 DAG, a further 
50% increase in yield over the 0.3 g N application resulted (No. 12). Thus, nitrogen application 
at 30 DAG is a key factor in the substantial increase of soybean yield. 

Conclusion 

To increase pod number of soybean greatly, both basal and top dressing of nitrogen 
at 30 DAG are very important. Since hundred-secd weight is governed mainly by the nitrogen 
status at a later growth stage, i.e., pod-initiation stage, nitrogen top dressing at 45 DAG is 
necessary. To obtain high soybean yield, the combination of a relatively high rate of nitrogen 
application of both basal and top dressings at 30 DAG, or the application of a relatively 
low nitrogen rate at each critical time, that is, at basal, flower-initiation (30 DAG), and pod
initiation (45 DAG), is highly recommended. 

Effect of Time, Form, and Concentration of Nitrogen 

Application on Chinese Cabbage Tipburn 

Introduction 

Recently, soil science laboratory at AVRDC confimed that ammonium toxicity was a 
primary factor in the cause of Chinese cabbage tipburr.. Calcium (Ca) deficiency, which was 
considered a cause of lipburn, was brought about by water stress due to root damage by 
ammonium nitrogen. In addition, internal rot is also caused by nitrogen excess, regardless 
of Ca application level. So, we recommended deep plowing, organic material application, and 
split application of nitrogen as practical soil and fertilizer management. 



Table 14. Selected growth parameters and yield components of T201 and T202, autumn 1984.z 
Plant Heigt Leaf Dry WI 

W 
Total Dry Wt Node No. Pod No. Seed Dry Wt 100-Seed Wt No. Seeds/ ON(cm) (g/2 plar-I tg!2 plants) per plant per plantMain Plot Cuttivar (g/2 plant) Pod" 
 (g)Pod
T201 
 36.5a 3.16b 18.49b 7.89, 11.04bT202 35.9a 6.13b 12.08b4.53a 24.1Oa 8.26a 2.24a

LSD (.05) 1.7 12.30a 10.05a 18.31a0..4 0.31 2-25a0.95 0.48 0.29 1.72 0.21Subplot FertilizationNo. 1 36.9a 4.40ab 27.90a2 36.6a 9.00a 16.25a 10.85ab 14.85cd3.90a-d 22.32bcd 2.25abc8.00cd 13.75bc3 36.4a 8.52d-g 14.34cde4.63a 22.0lcde 2.16abc
4 36.6a 7.88cd 10.25gh 7.71ghi 18.1Oa3.48cd 18.88g 7.88cd 2.08bc 
5 10.89fgh 6.88i36.9a 3.38cd 13.73def 2.25abc19.26g 7.75d6 10.00h36.3a 3.70bcd 6.61 i 13.34ef22.88bc 2.34ab7 37.Oa 8.13bcd 13.63bcd 8.90def4.23abc 21.96cde 15.34c 2.14abc8.00cd 10.75fgh 8.08fgh8 36.3a 3.53bcd 16.89ab 2.20abc19.52fg 8.00cd9 10.50fgh 6.72i36.5a 4.13a-d 13.90def19.80efg 2.31abc7.75d 10.50fgh10 35.9a 3.83a-d 7.0<hi 14.51cde 2.27abc22.0lcde 8.13bcd 13.88b11 36.6a 8.99def 14.86cd3.90a-d 21.75c-f 7.88cd 9.88h 9 "'abc 

12 36.Oa 8.27efg 17.28ab4.68a 27.18a 2.38ab 
13 8.38bc 14.25b36.4a 4.05a-d 23.09bc 11.41a 17.45ab 2.31abc8.00cd 12.13c-f14 37.3a 3.80a-d 9.56cd 16.86ab 2.32ab19.73efg 8.63ab15 34.6a 11.75efg 7.35ghi3.58bcd 20.25d-g 14.18cde 2.21abc
16 36.4a 8.25bcd 13.38b-e 7.55ghi 13.38ef4.13a-d 24.39b 2.12b:;
17 31.1b 2.48e 

8.38bc 12.75b-e 10.19bc 17.62ab12.34h 2.31abc
LSD 1.05) 6.63e 7.50i 4.36j3.13 0.74 12.69f 2.02c2.05 0.48 0zMeans within a column 1.47 1.06followed by the same letter are not significantly different at 1.19 0.25the 5% level by Duncan's multiple range test. 

'_0
 

Table 15. The effect of nitrogen fertilization on pod number of soybean isolines T201 and T202.z
 
Treatment T201 
 T202 T202- T201 T202- T201 
 Treatment T201 T202 T202-T201 X100
T201 xT201
No. 1 
 16.75a 
 15.75a 
 -1.00


2 13.25bc 
-6.0 No. 10 14.00bc 13.75ab14.25ab 1.00 7.5 -0.25 -1.8
 

3 9.75d 10.75c 11 9.75d 10.00c 0.25
1.00 2.6
 
4 10.50cd 11.25bc 

10.3 12 14.50b 14.00ab -0.50 -3.4
0.75 
 7.1
5 8.75d 13 12.00cd 12.25bc
11.25bc 2.50 28.6 0.25 2.1
 
6 13.25bc 14 11.50cd 12.00bc
14.00ab 0.50
0.75 4.3
5.7
7 9.75d 11.75bc 2.00 20.5 

15 12.25c 14.50ab 2.25 18.4
 
8 9.25d 16 12.50bc 13.00b
11.75bc 0.50
2.50 4.0
 
9 

27.0 17 5.00c 10.00C 5.008.75d "00.012.25bc 
 40.0
3.50 LSD (.05) 2.07ZMeans within a column followed by the same letter are not significantly different at the 5% level by Duncan's multiple ,ange test.
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This project aimed to study the toxic effect of ammonium nitrogen on Chinese cabbage
tipburn in more detail and to find a rational soil and fertilizer management for Chinese cabbage
cultivation in summer season. In this experiment, the relationship between Chinese cabbage
tipburn and the time, form, and concentration of nitrogen application was especially examined. 

Table 16. The effect of nitrogen fertilization on 100-seed weight 
of soybean isolines T201 and T202.1 

Treatment T201 T202 

No. 1 12.500 bc 17.200 cd 
2 11.025 c 17.435 cd 
3 14.100 b 22.100 a 
4 9.255 d 18.205 c 
5 9.025 d 17.650 cd 
6 11.920 c 18.760 bc 
7 13.255 bc 20.525 ab 
8 9.180 d 18.615 bc 
9 9.115 d 19.895 b 

10 11.960 c 17.760 cd 
11 14.095 b 20.465 ab 
12 16.835 a 18.060 cd 
13 17.330 a 16.395 d 
14 10.440 cd 17.910 cd 
15 10.080 cd 16.685 cd 
16 17.355 a 17.880 cd 
17 8.510 d 16.865 cd 


LSD (.05) 1.683
 
'Means within a colunn followed by the same letter are not 
Duncan's multiple range test 

T202 -T201 

4.700 
6.410 
8.00 
8.95 
8.625 
6.84 
7.27 
9.435 

10.78 
5.80 
6.37 
1.225 

-0.935 
9.47 
6.605 
0.525 
8.355 

significantly different 

T202.-T201T__201 "00
 

37.6 
58.1 
56.7 
96.7 
95.6 
57.4 
54.8 

102.8 
118.3 
48.5 
45.2 
7.3 

-5.4 
71.6 
65.5 
3.0 

98.2 

at the 5% level by 

Table 17. The effect of nitrogen fertilization on seed weight of 
soybean isolines T201 and T202. 

Treatment T201 

No. 1 9.209 b 
2 6.383 cd 
3 5.888 cd 
4 4.199 de 
5 3.563 e 
6 7.065 c 
7 5.835 cd 
8 3.647 e 
9 3.948 de 

10 7.066 c 
11 5.947 cd 
12 10.994 a 
13 9.980 ab 
14 5.284 d 
15 5.630 cd 
16 10.305 ab 
17 1.616 f 

LSD (.05) 1.495 
zMeans within a COlunmr followed by the 
Duncan's multiple range lest. 

T202 T202 -T201 T202 -T201 x100 
T201 

12.483 a 3.274 35.5 
10.660 b 4.277 67.0 
9.530 bc 3.642 61.9 
9.551 bc 5.352 127.5 
9.660 bc 6.097 171.1 

10.742 b 3.677 52.0 
10.335 bc 4.500 77.1 
9.792 bc 6.145 62.8 

10.050 bc 6.102 154.6 
10.910 b 3.844 54.4 
10.599 bc 4.652 78.2 
11.819 ab 0.825 7.5 
9.141 c -0.839 -8.4 
9.418 bc 4.134 78.2 
9.478 bc 3.848 68.3 

10.082 bc -0.223 -2.2 
7.110 d 5.494 340.0 

same letter are not significntly different at the 5% level by 
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Materials and Methods 

The experiment was conducted in the spring and summer of 1984. Chinese cabbage was 
cultivated on the same, apparatuzs and same culture solution, except for nitrogen treatment 
as in the previous work. Treatments and composition of culture solution are presented in 
Fig. 17 and Table 18, respectively. Seedlings of Chinese cabbage cultivar, Fl hybrid #62 which 
had been grpwn in a smoked rice-hull medium containing the culture solution were transplanted 
on April 13, 1984 and harvested on May 25, 1984. The duration time up to harvest was 42 days. 

Results 

Symptoms of NH 4 -N toxicity. All plants fed with NH 1 -N from the beginning started 
to change leaf color to dark green from six days after treatment (DART). Several days before 
tipburn symptoms appeared, the plants began wilting from late morning to the afternoon and 

4 -N- '' NH-N NH4NO 3 (meq/) 

2 	 12 _ __
4 	 ___;___________4 

4 	 _ _ _ _ _ _ .__......_ _ _ _ _ __14
 

(8/) (4 ) (16) (4/)5~ ~ 1 =Le 

7 _ 7 _____	 17 
16)
 

8 	 18___________ 

10. 	 _____ 

Ist 2nd 3rd 4th 5th Ist 2nd 3rd 4th 5th
 
Weeks after Transplanting
 

Fig. 17. 	Nitrogen treatments in the second experiment. Numerical values in 
parenthesis show nitrogen concentration in meq/1. 

Table 18. Composition of nutrient solution. 

Element Chemical Reagents Concentration
 
NH 4 -N 
 (NH4)2SO 4 224 ppm (16 meq/l) 
N0 3 -N Ca(NO 3 )2 .4H 20, KNO 3 , Mg(N0 3)2 .6H 20 .... .. 

NH 4NO 3 	 NH4 NO 3 112 " (8 
K K2SO 4 , KNO5 312 " (8
 
Ca CaCl 2 .2H 20, Ca(N0 3)2 .4H 20 160 " (8
 
Mg 
 MgSO 4 .7H 20, Mg(N0 3)2.6H20 49 " (4
 
P 
 K2HPO 4 	 41 
Fe Fe-EDTA 3
 
Mn MnSO 4 -H20 0.5
 
B 
 H 3 B0 3 	 0.5 
Zn 	 ZnSO 4 .7H20 0.05 
Cu CuSO4 .5H 20 3.02
 
Mo 
 N. 2MoO 4 "2H20 	 0.01 
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recovered by night. A slight tipburn symptom appeared at 10 DART and then developed
continuously, resulting in a great loss of Chinese cabbage head yield. Treatment 14 in which 
the plant received 28 ppm of NH,-N, showed N deficiency symptoms.

Although 160 ppm of Ca was supplied to all the treatments, tipburn developed only 
on plants treated with NH 4-N. This showed that tipburn was caused by ammonium toxicity
rather than by Ca deficiency. It was also confirmed in this experiment that there was a great
varietal difference in sensitivity to ammonia toxicity. In a previous experiment tipburn
symptoms showed several days earlier in Fong-Luh, and were more severe than in #62. 

Similar symptoms were found in roots. Roots of plants grown with NH 4-N were short,
darkened, lignified, easily broken, and sometimes turned purplish in color. Roots fertilized 
with N0 3-N were long, slender, white, numerous, and hairy.

Influences of nitrogen source on yield. Plants grown with NH4-N throughout the 
growth period irrespective of concentration had the lowest yields (Fig. 18). On the other hand,
plants in treatments 1. 17, and 19 showed healthy growth and gave very high yields. Those 
that 	 receiveo_ 1() meq N0 3-N throughout the growth period (treatment 19) produced the
second highest yields. In treatment I, NH4-N was applied to the plants only in the first week,
and afterwards, the nitiogcn source was switched from ammonia to nitrate. In this trealment 
were found the ighest total and htad yields.

In treatment 17, ammonia concentration started with 8 meq, which was reduced every
week to half of that in the previous week; but nitrate concentration was increased by 2 meq 
every week, keeping the total nitrogen concentration (sum of ammonia and nitrate) at 8 meq.
In this treatment, there was a slightly higher total yield than in treatment 19. This seems to
indicate that ammonia is superior to nitrate in accelerating plant growth, unless the former 
exerts a severe harmful effect on plant roots. 

In treatments I to 5, the application of ammonia was shifted to the later growth stagc
by one week. As the growth stage advanced, however, ammonia exerted a more severe harmful 
effect. In addition to the resulting great loss in yield, tipburn symptoms appeared on the young
leaves only of plants receiving ammonia in the third week (treatments 3, 7, 10, and 11 to 
18) 	 (Table 19).

Since head formation started two weeks after treatment (WATR), it indicated that the
head-formation stage was the most sensitive to tipburn, that is, Chinese cabbage easily suffered 
from tipburn if NH4-N is applied at this stage. Plants receiving ammonia at the 4th WATR 
suffered much greater yield losses than those at the 3rd WATR (treatments 4, 7, and 11).
So, the week after head initiation is the critical period for high yield.

A comparison of treatment 9 with II or 10 with 12 showed that yield recovery was 
much greater when ammonia was changed to nitrate than when ammonia concentration was
decreased to one-fourth of the initial concentration. According to the results of treatment
18, 13, at.d 14 (NH4-N was supplied at a late of 16 meq, 4 meq, and 2 meq, respectively), 
even an NH4-N concentration as low as 28 ppm still produced tipburn symptoms. This
indicates that, as far as tipburn is concerned, the kind of nitrogen source is mo:e important
than the rate of application. 

0 [ foldrywt 0 head dry wt 00 

60 [1-
It5 

50 i 
,1- 25 

I 2 3 4 5 6 7 8 9 10 II1 2 13 14 15 16 17 18 19 20 
Treatments
 

Fig. 18. Effect of time, form, and nitrogen concentration on total and head dry weights.
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Table 19. CaO contents in the leaves and frequency of tipburn and internal rot 
in ASVEG #11. 

Treat- CaO % (dry wi basis) Internal Tip
ment head blade head midrib outer blade outer midrib Rotz burnz 
1 0.27 ab 1.20 a 7.07 ab 3.03 ab ** 
2 0.18 cdef 1.18 a 6.66 abc 3.27 abc 
3 0.18 cdef 1.17 a 6.56 abcd 3.01 bcd *** ** 
4 0.23 bc 1.05 abc 7.23 a 3.60 a 
5 0.19 cde 0.87 d 6.25 cdef 2.94 bcd **** 
6 0.32 a 1.16 a 6.39 bcdo 3.03 bcd * 
7 0.26 b 0.96 bcd 5.12 g 1.87 g
8 0.14 ef 0.66 e 5.75 efg 2.71 de ** 
9 0.17 cdef 0.88 d 5.57 fg 2.39 ef **** 

10 0.18 	 cdef 1.08 ab 5.89 def 2.42 ef 
11 0.16 	 def 0.47 1 1.79 j 0.79 h 
12 0.16 	 def 0.47 f 2.38 ij 0.78 h
13 0.14 	 ef 0.55 ef 2.94 hi 1.02 h ** 
14 0.12 	 f 0.62 ef 3.41 h 2.16 fg
15 0.13 	 ef 0.68 e 5.60 fg 3.50 a ** 
16 0.14 	 ef 0.50 f 
17 	 0.16 

2.87 hi 0.98 h *** **** 
def 0.91 cd 6.26 cdef 3.25 

18 0.17 	 cdef 0.47 f 2.22 ij 0.69 h ** ** 
19 0.22 	 bcd 1.07 ab 7.11 ab 3.56 a 
20 0.21 	 bcd 0.98 abcd 6.26 cdef 2.90 cd 


'Symbols indicate the relative extent of internal rot and tipburn damage: slight; 
* 

** 

*
 

* medium; 
** = severe * *** - very severe. 

Effect of nitrogen source on nutrient u)take. The changes in nitrogen uptake at
each growth stage is presented in Fig. 19. Nitrogen uptake by Chinese cabbage increased steeply
from May 8 when the heads began to form. Nitrogen uptake was clearly reflected in plantgrowth and yield. Plants which showed healthy growth from transplanting time until har eststeeply increased nitrogen uptake up to head-formation stage, and afterwards, kept on
absorbing a constant amount of nitrogen. However, plants which suffered severely fromlipburn decreased its nitrogen uptake steeply after reaching !he greatest uptake of nitrogen.

On the other hand, Ca uptake at each growth stage was closely related to the period
of NH 4-N application (Fig. 20). This means that Ca uptake was greatly suppressed by the
application of NH 4-N. It was already shown that Ca uptake is suppressed by such monovalent 
cations as NH 4-N and K. 

The distribution of Ca in the leaf blade and midrib together with the frequency of tipburn
and internal rot is summarized in Table 19. Tipburn symptoms were found in treatments 3,
7, 10, and II to 18. In treatments 3, 7, and 10, NH 4-N was applied during head initiation,
and in treatments II to 18, from the initial growth stage until either the head-formation or
harvest time. As is mentioned in the previous section, these facts indicate that the head
formation stage is most sensitive to tipburn.

Regardless of concentration, Ca was lower in plants supplied with NH 4-N throughout
the growth rtage (Treatment II to 14, 16, and 18). Ca content in the outer leaves was 
to 30 times higher than that in the head leaves. Since Chinese cabbage transpires chiefly from 

10 

the outer leaves after head formation, and Ca is mainly transported through the transpiration
stream; Ca is accumulated in the outer leaf, especially in the leaf blade. 

Table 20 shows the distribution of total nitrogen (T-N) both in the leaf blade and midrib
of head and outer leaves. T-N content in the leaf blade of head leaves was always higher
than that in the midrib. in treatments 4, 7, 8, and 18 where yield losses were great due to
NH4 -N application at the 4th WATR, a lot of nitrogen 	was also accumulated in the head
leaves. In general, nitrogen content in the outer leaves of plants with tipburn symptoms, was
much lower than that in plants without these symptoms. 
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In addition, the ratio of T-N content in the leaf blade to that in the midrib correlatedwell with tipburn frequency (Table 20).
than 

The ratio is less than I or, at most, a little moreI in plants without tipburn symptoms and far more than I in plants with symptoms.These facts indicate that further metabolism of the NH 4-N to protein by way of amino acidsand amides in the active assimilation sites is retarded due to high NH 4-N supply. Consequently,NH4-N is accumulated there, causing a more severe inhibition of protein synthesis. Actually,it has been confirmed that a heavy application of NH 4-N is frequently accompanied by asteep increase in both free amino acids and amides, and inversely by a great decrease in protein.There was close correlation between nitrogen and Ca content in leaves and head dryweight (Table 21). Nitrogen content in the head leaf negatively correlated with head weight.This also indicated that NH4-N is accumulated in the leaf blade of the head leaves with thetipburn sympton. Both the calcium-nitrogen ratio and Ca content correlated closely withweight. N14-N suppressed Ca uptake because of severe root damage or competitive inhibitionof Ca uptake, or both. As already described previously, a heavy application of NH4-N causedits accumulation, thus, resulting in a great decrease in the calcium-nitrogen ratio and then,
head weight.

Internal rot syimptonis. Ever when no tipburn symptoms were found dn the outsideof leaves, the edges of inner leaves were often rotted. Hereafter, this symptom is referredto as internal rot. Internal rot occurred in almost all treatments except in treatment 7, 10,and 17; so, it is difficult to find any relationship between frequency of internal rot and eachtreatment. Judged from the effect of each treatment on the extent of internal rot damage,however, internal rot is aggravated by later application of NH 4-N. Ca content of the head
leaf, however, did not correlate with intern,d rot. 
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Our studies confirmed that internal rot could not be prevented by applying additional 
Ca, and that it is in part, due to compact heads associated with excessive vegetative growth
because of a heavy application of basal nitrogen. Avoiding a high nitrogen rate throughout
the growth period can prevent hoth tipburn and internal rot. Deep plowing, the application
of compost or other organic materials, and split application of nitrogen are all effective ways 
of accomplishing this goal. 

It is again confirmed in this experiment that tipburn is not primarily cauged by a 
deficiency of Ca, but rather by ammonia toxicity. However, internal rot occurs even in plants
applied with N0 4-N and has absolutely no connection with Ca application. Further studies 
on this are necessary. 

Table 20. Distribution of total nitrogen content in leaves of ASVEG 1.Z 
Total Nitrogen (%) 

Treatmeit head leaf 	 outer leaf 
blade/midribblade midrib blade iiiidrib ati 

ratio 

1 3.86 efgh 3.22 cdef 4.01 bed 4.61 a 0.87 
2 '1.03 efgh 3.38 cd 4.24 bcd 4.19 abc 1.01 
3 4.35 def 3.51 bc 4.47 b 3.91 bc 1.14 
4 5.23 ab 3.95 a 4.33 bc 4.13 bc 1.05 
5 4.23 defg 4.00 a 4.14 bcd 4.33 ab 0.96 
6 4.03 efgh 3.16 cdef 4.14 bcd 4.30 ab 0.96 
7 4.82 bcd 3.98 a 4.62 b 3.39 de 1.36 
8 4.82 bcd 4.18 a 3.98 bcd 3.81 cd 1.04 
9 4.30 def 3.83 ab 4,57 b 3.81 cd 1.20 

10 4.37 def 3.55 bc 4.53 b 3.80 cd 1.19 
11 4.44 cde 2.85 fg 3.26 ef 2.28 f 1.43 
12 4.34 def 2.74 g 3.62 de 2.13 fg 1.70 
13 4.15 efc 2.99 defg 2.32 fg 2.01 fg 1.15 
14 3.43 h 1.53 j 2.17 h 0.99 g 2.19 
15 3.77 fgh 1.97 i 2.15 h 1.10 h 1.95 
16 3.65 gh 2.36 h 2.81 fg 1.81 h 1.55 
17 4.10 efg 2.95 efg 3.67 cde 3.03 e 1.21 
18 5.04 bc 3.97 a 5.59 a 4.02 bc 1.39 
19 4.15 efg 3.30 cde 3.70 cde 4.31 ab 0.86
 
20 
 5.74 a 4.15 a 3.07 of 3.30 e 0.88 

zMeans within a column followed by the same lettei are not significantly different at the 5% level by 
Duncan's multiple range test. 

Table 21. Correlation coefficients between leaf nutrient content and head dry weight. 

Nutrient 	Content Head Dry Weight____Fong-Luh ASVEG 	 1 
T-N in 	 Head leaf blade -0.445 * * -0.127 ns 

Head leaf midrib -0.246 ns 0.293 ns 
Outer leaf blade -0.137 ns 0.290 ns 
Outer leaf midrib 0.494 * * 0.648 * * 

CaO in 	 Head leaf blade 0.049 n. 0.385 * 
Head leaf midrib 0.469 * * 0.821 * * 
Outer leaf blade 0.575 * * 0.904 * * 
Outer leaf midrib 0.418 * * 0.859 ** 

Ca/N in 	Head leaf blade 0.149 ns . 462 * * 
Head leaf midrib 0.472 * 0.561 * * 
Outer leaf blad. 0.533 * 0.571 ** 
Outer leaf midrib 0.209 ns 0.080 ns 

INS=nol significant; *=significant at the 5% level; =significant at the 1% level. 
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Conclusion 

Chinese cabbage tipburn is not caused by calcium deficiency, as is commonly believed,
but rather by water stress resulting from root damage caused by ammonia toxicity. Internal 
rot is also brought about by the excessive application of nitrogen, and is unaffected by calcium 
levels. 

The head-formation stage is the most sensitive period to tipburn; hence, NH 4-N should 
be avoided at this stage. Itshould be applied one week after head initiation, however, to 
obtain high Chinese cabbage yield. 

An optimum ratio of' ammonia to nitrate is necessary to get maximum yield. At the 
early stage, NH4-N application is preferable; however, the ratio of NH 4-N to NO 
3-N should be gradually reduced until one week before head formation, after which, N0 3-N 
must be the sole source of nitrogen. 

Management which eliminates excess soil m.)isture rapidly and decreases nitrogen supply
to plants are recommended for summer cuitivation of Chinese cabbage. High beds, underground
drainage, deep plowing, organic matter, and split application of nitrogen are all effective ways
of minimizing both tipburn and internal rot. 

Effect of Soil Depth and Suppression of
 
Transpiration from the Outer Leaves of Chinese
 

Cabbage on Tipburn and Internal Rot 
Introduction 

Our studies showed that Chinese cabbage tipburn is not caused by Ca deficiency, but 
rather by water stress resulting from root damage by ammonia toxicity. However, it occurs 
even in plants applied with NO1 -N; so, a different approach to the cause of internal rot and 
tipburn has to be considered. 

In the previous experiment, it was confirmed that Ca/N ratio as well as Ca content
in the head leaves highly correlated with the yield and the extent of tipburn damage. This 
project was, therefore, initiated to examine the effect of soil depth and some countermeasures 
to suppress Ca accumulation in the outer leaves (where Ca transpiration takes place), accelerate 
Ca translocation to the inner leaves wheie internal rot often occurs, and decrease the frequency
of 	tipburn and internal rot. 

Materials and Methods 

The experiment was conducted in a greenhouse in the late summer of 1984. The split
plot design with two replications was adopted, in which the difference in soil depth was chosen 
for the main plot and the countermeasures to suppress transpiration from the outer leaves,
for the sub-plot. The detailed design is given in Table 22. 

Table 22. Treatmentsz. 
Main Plot Subplot
 
soil depth countermeasures to decrease transpiration from outer leaves
 
1. 7.5 cm 1. No treatment 
2. 15.0 cm 2. Compost application (soil and compost ratio=4:1) 
3. 	26.0 cm 3. Wrapping outer leaves with ,,,num foil after head initiation 

4. 	 Wrapping outer leaves with plastic film after head initiation 
5. 	Covering plants with a black net aPer head initiation t500/o light 

intensity) 
6. Wrapping the whole plant with a plastic bag at night 

'Fertilizers: Treatment 1=N-N202.K20 (1-1-1 g/pot). Treatment 2 to 6= N-P2O,-K 20 (2-2-2.5 g/pol) as basal 
and 1 g N at head initiation. 
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A plastic container. 50x 35 x 30 cm 3, served as a cultivation pot to secure sufficient 
area round the plant. Soil depths of 7.5, 15, and 24 cm had weights of 16, 32, and 50 kg,respectively. Seedlings were transplanted on August 16, 1984 and harvested on September 26,1984. 	 The duration time from transplanting to harvest was 41 days.


In treatments 3 and 4, several outer leaves 
 were 	wrapped either with aluminum foil orplastic film at different times: three leaves on August 31, two leaves on September 8, andLwo leaves ol September 11. At the same time, Chinese cabbage #62 was cultivated outside
the greenhouse to determine if covering the outer leaves with rice straw would affect tipburn
and internal rot frequency. 

Results 

Soil depth. Plant growth and damage extent of tipburn and marginal rot on Chinesecabbage are summarized in Table 23. Plant growth was always very poor in 7.5 cm soil depth,regardless of subtreatments. However, with increased soil depth, plant growth was better.At head-initiation time, all the plants grown in the 7.5 cm depth showed tipburnsymptom. Compost application and the black net covering aggravated the tipburn. Thesymptom developed more severely in the following week. This fact confirms a previousexperiment showing that Chinese cabbage was most susceptible to tipburn at the head initiation 
stage. 

The study indicated that soil depth, namely, total soil mass was a very important factorin tipburn development, and that wrapping the outer leaves with either aluminum ortransparent plastic film greatly decreased tipburn frequency when a sufficient soil mass was 
prov.ided.

At harvest, many plants were affected by marginal tot, as well as tipburn. Soil massslightly affected frequency of marginal rot, but the aluminum foil or plastic film wrapping 

Tabl '. Plant growth and extent of tipburn and margindl rot damage 
on Chinese cabbage.-

Date Surveyed 
Soil Depth Sept. 8 (head Sept. 14 (1 week after Sept. 	 26 (harvest)Treatment Soit initiation) head 	 initiation) Sept--26-(harvest

growth tipburn growth tipburn margin- tipburn margin-al rot 	 remark'at rot 
1. Check 1. 7.5 2 2 2.5 3 0.5 2 0.5

2. 15 2.5 0.5 4.5 0.5 0 0.5 1.0
3. 26 2.5 0 4 0 0 0 3 D2. Compost 1. 7.5 2 2 2.5 4 0.5 3.5 2.5 
2. 15 2.5 1.5 2.5 4 0 3.5 2.5
3. 26 3 0.5 4 0.5 0 1.5 3 S3. Aluminum 1. 7.5 1 1 1.5 2.5 0 3 0

foil 2. 15 3 0 4 00 0 0.5 D
3. 26 3 0 05 0 0 0 D4. Plastic 1. 7.5 2 2 2.5 3 0 3.5 1film 2. 15 2.5 0 4 00 0 0.5 
3. 26 3 0 4 0 0 0 05. Black 1. 7.5 1.5 1.5 2.51.5 0.5 2 I.5 

net 2. 15 2.5 1 2.5 2.5 0 2.5 2 
3. 26 3 1.5 3.5 1.5 0 1.5 16. Covering 1. 7.5 1 0.5 1.5 2 0.5 1 1at night 2. 15 3 0 3.5 0.5 0 0 - D 
3. 26 2.5 0 4.5 0.5 0 0 1.5
zNumerals ini.cate the relative extent of plant growth and lipburn and marginal rot damage. The growth


and damage increase as the number grows. The numerals of a growth stage cannot be compared with

those of other growlh stages. YD = infected by disease, S
= infected by soft-rn!. 
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effectively decreased it. A survey after harvest showed that all the plants suffered s.,ely
from internal rot. So, the countermeasure to decrease transpiration from the outer to theinner leaves effectively minimized tipburn, slightly reduced marginal rot, but had absolutely 
no effect on internal rot. 

Table 24 shows the difference in Chinese cabbage yieid among treatments. Both outer
leaf weight and head weight increased greatly with an increase in soil depth. It indicated that,
at least, 45 liters of soil vo!ume is needed for each plant.

Supprcssing transpiration. The aluninum foil wrap resulted in a great loss in dry
matter production, but the transparent plastic film did not produce any significant yield loss.
This suggests that the outer leaves play a key role in dry matter production even after head
formation. This was confirmed in a field experiment conducted with the same seedlings at
the same time ('able 25). Yield loss was significantly great when rice straw was used to cover 
the outer leaves after head initiation, bul the time of covering did not affect the yield
significantly. 

After harvest, an internal rot survey revealed that, unlike in the greenhouse trial, no 
plants suffered from the disease. 

A comparison of the two experiments showed that there was a considerable difference
in rate of plant growth between them. Plants cultivated in the greenhouse grew much fasier, 

Table 24. Effect on Chinese cabbage yield of soil depth and countermeasures
 
to decrease transpiration from outer leaves.
 

Treatment Outer Leaf Wt 
 Inner Leaf Wt Total Wt 
(g/plant) (g/plant) (g/plant) 

Main Plot: Soil Depth 
1. 7.5 cm 404.0 c 213.7 b 617.7 c
2. 15 cm 713.9 b 419.7 a 1133.6 b
3. 26 cm 881.9 a 517.6 a 1399.4 aLSD (.05) 126.0 105.7 95.7 

Subplot: Countermeasures to decrease transpiration from outer leaves
1. No treatment 769.4 a 512.4 a 1281.8 a2. Compost 747.6 ab 317.2 ab 1064.8 abc
3. Aluminum foil 524.4 b 268.3 b 792.7 c
4. Plastic film 763.2 ab 421.0 ab 1184.2 a
5. Black net 600.6 ab 254.6 b 855.2 bc
6. Covering at night 594.4 ab 528.4 a 1122.8 ab
LSD (.05) 218.2 205.9 293.4 

Table 25. Effect on Chinese cabbage yield of outer leaves covered with
 
rice straw at different growth stages.'
 

Treatment Total Weight Head Weight
 
(g/plant) (g/plant) 

Main Plot 
1. Check 1101.3 a 646.3 a
2. Covering with rice straw 907.5 b 484.A b 
LSD (.05) 105.7 97.6 

Subplot 
1 20 days BHY 1018.8 a 560.0 a 
2. 15 days BH 993.8 a 550.0 a 
3. 10 days BH 1027.5 a 577.5 a 
4. 5 days BH 977.5 a 573.8 a 
LSD (.05) 190.6 123.5 

'Means within a column followed by the same letter are not significantly different at 
the 5% evel by Duncan's multiple range test. YCovering outer leaves with rice 
straw at 20 days before harvest. 
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especially at the initial growth stage, than those in the field. Generally, pot experiments provide
 
a better environment for pla .growth. Thus, vigorous initial growth is frequently associated
 
with marginal and internal rot as well as tipburn. For Chinese cabbage cultivation in summer
 
or in the greenhouse, therefore, water management and basal nitrogen application should be
 
such that vigorous plant growth is avoid(,I.


In the field, tipburn symptom can be seen frequently in the summer. A soil survey of
 
these fields revealed a soil environment different from that in tile greenhouse. Farmers have
 
to water.the plants frequent ly, resulting in an zilternately overdry and overwet condition that
 
contributes greatly to tipburn and soft rot. So, to avoid tipburn hazard for summer 
Chinese 
cabbage cultivation, adequate cultural practices shou!'J be followed that avoid vigorous plant
growth, excess soil moist urc, and undue salt concentration; and increase soil volume and water
holding capacity. 

Nutrient uptalc. Nutrient contents in the tissues of Chinese cabbage are presented
in Table 26. Nitrogen content generally decreased with an increase in soil depth. In the 
subtreat ments, it increased greatlv when the whole plant was covered with a black net or tile 
outer leaves with al timinn rn foil. Conpost appl ication and the transparent plastic wrap of 
outer leaves resulted iii a steep decrease innitrogen content in the outer leaves. Covering the 
whole plant with plastic sheet at night showed nitrogen content at its lowest inthe inner leaf 
tissue. 

('a content in the tissues, except in he outer leaf blade, decreased with increasing soil 
depth. Inthe subtreatiments, the flight cover resulted in the highest Ca content, followed by
nontreatment a nd netting. Compost application and aluminun foil wrapping resulted in tile 
lowest ard tihe second lowest Ca content. On the other hand, potassium (K) content did not 
show any correlation with soil depth. I lhe subtreatnments, K apparently accumulated in tile 
tissues of badly growiig plants. A similar trend was observed for N and Ca contents in the 
Chin:ese c:,bbage tissues. 

In this experiment, all tile plants suffered from internal rot regardless of the treatment. 
'he nitrogerr-to-calcium ratio in the outer leaves was nearly I while that in the inner leaves 
was extremely high, aild Iitrocen concentration in the inner leal blade was 20 times itsmuch 

Table 26. Effect on nutrient content in Chinese cabbage of soil depth and 
countermeasures to decrease transpiration from outer leaves.' 

Treatment . Total-N (0 .) Ca (0/6) K(%) 
OB OM lB IM OB OM lB IM OB OM lB IM 

Main Plot: 
Soil Depth

1. '1.5 cm 3.67a 2.75a 4.72a 3.54a 3.22b 3.00a 0.29a 1.23a 1.82b 5.71a 3.17a 3.45a 
2. 15 cm 3.25c 2.35c 4.17b 3.14b 3.31b 2.87b 0.22c 1.01b 1.98b 5.66a 3.02a 3.21b 
3. 24 cm 3 46b 2.49b 3.95c 2.81c 3.44a 2.69c 0,25b 0.97b 2.19a 6.27a 2.74b 3.35ab 
LSD (0.05) 0.05 006 0.03 005 0.10 0.08 0.00 0.06 0.19 0.67 0.23 0.16
 

Subplot
 
1. No treat- 3.57c 2.75c 3930 2.79e 3.88a 3.00a 0.24b 1.05c 1.88bc 5.34c 2.83b 3.52a 

ment 
2. Compost 2.38f t.78f 4.36c 2.85d 2.98c 2.57d 0.19d 0.93d 2.15b 6.07b 3.17a 3.28ab 
3. Aluminum 4.03a 2.84b 4.76a 4.42a 3.60b 2.76c 0.22c 0.67e 2.58a 6.80a 2.92b 3.10b 

foil 
4. Plastic 3.42e 2.37e 4.30d 2.93c 2.99c 2.89b 0.22c 1.30a 2.08bc 5.25c 2.88b 3.37ab 

film 
5. Black net 3.85b 2.91a 4.59b 3.36b 3.63b 2.88b 0.24b 1.19b 1.85c 6.31b 3.17a 3.30ab 
6. Covering 3,51d 2.54d 3.731 2.62f 2.85d 3.01a 0.41a 1.28a 1.45d 5.52c 2.89b 3.48a 

at night 
LSD (.05) 0.02 0.06 0.02 0.04 0.08 0.10 0.01 0.04 0.26 0.45 0.15 0.29
 

ZOB = outer teat blade, OM =:outer leaf midrib; IB=inner leaf blade; IM=inner leafmidrib. Means within
 
a column tollowed by the same letter are not significantly different at the 5% level by Duncan's multiple
 
range test.
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as Ca concentration (Table 27). A similar trend could be seen in the relation of Ca to K;
therefore, the suppression of Ca absorption and its translocation to the inner leaves after 
head formation stage is a main factor for Chinese cabbage internal rot. 

Conclusion 

This experiment confirms the finding that the head initiation stage is the most susceptible 
to tipburn. It also shows that soil depth and total soil voiume are very important factors 
in avoiding tipburn hazard, and that at least. 45 liters of soil volume should be provided 
each plant. 

The countermeasures to decrease transpiration from the outer leaves were effective 
against tipburn, slightly effective against marginal rot, and absolutely not effective against
internal rot. Outer leaves covered by either aluminum foil or rice straw resulted in a great
decrease in head and total weight. Ilhi- suggests that outer leaves play a key role in dry matter 
production after the he;d formation stage. 

A vigorous initial growth was frequently associated with marginal and internal rot, as 
well as tipburn. For Chinese cabbage cultivation in summer or in the greenhouse, therefore, 
water management and basal nitrogen application should be such that vigorous plant growth
is avoided. To avoid tipburn and iite-nal rot in summer, an adequate cultural practice to 
meet the following requirements should be taken: 

1.Enough soil volume for each plant. 
2. Increased water-holding capacity of the cultivated soil. 
3. No vigorous plant growth. 
4. No excess soil moisture. 
5. No salt concentration in tile "oil dtie to fertilizer application. 

Table 27. Difference in nutrient distribution ratio of Chinese cabbage. 

Ca/N Ca/KTreatment -_ _ _ 
OB OM IB IM total 0B GM IB IM total 

M,:n Plot: 
Soil Depth 

1. 7.5 cm 0.96b 1.19a 0.06tb 0.41a 0.729b 1.97a 0.58a 0.091a 0.38a 0.788a 
2. 15 cm 1.02a 1.15b 0.056c 0.41a 0.755a 1.69b 0.57a 0.071b 0.36a 0.774a 
3. 24 cm 1.03a 1.05c 0.065a 0.40a 0.719c 1.70b 0.50b 0.092a 0.33b 0.757b 
LSD (.05) 0.02 0.03 0000 0.01 0.008 0.07 0.04 0.005 0.02 0.016 

Subplot 
1. No treatment 1.09b 1.07c 0.060b 0.45c 0.694d 2.07ab 0.63a 0.084b 0.36bc 0.809a 
2. Compost 1.28a 1.51a 0.045d 0.39d 0.937a 1.42d 0.53b 0.062d 0.33c 0.719b 
3. Aluminum foil 0.90d 0 95d 0.046d 0.19e 0.681d 1.42d 0.45c 0.074c 0.25d 0.728b 
4. Plastic film 0.961. 1.19b 0.051c 0.47b 0.746b t.66c 0.61a 0.076c 0.40a 0.831a 
5. Black net 0.94,; 0.97d 0.053c 0.38d 0.731c 1.98b 0.52b 0.078bc 0.38ab 0.833a 
6. Covering 0.850 1.0,c 0.108a 0.54a 0.615e 2.19a 0.59a 0.139a 0.41a 0.716b 

at night 
LSD (.05) 0.02 0.05 0.003 0.02 0.014 0.15 0.05 0.006 0.03 0.047 

'OM: outer blade. OM v-outer midrib. IB= inner blade, IM - nmerrodrit), total :total plant. Means within 
a column followed hy the same leller are not significantly different at the 5% level by Duncan's mulliple 
range test. 

Effect of Covering and Foliar Spray on Chinese Cabbage
 
Tipburn and Internal Rot
 

Introduction 

Our studies showed that Chinese cabbage tipburn resulted from serious root damage
caused by ammonium toxicity, consequently inhibiting Ca uptake and translocation. Wrapping 
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outer weaves with either aluminum foil or transparent plastic filn resulted in a significant 
decrease of tipburn, but not on internal rot. The application of compost and covering the 
whole plant with black net aggravated tipburn. 

This project ailnied to find out it' covering outer leaves after head formation and foliar
spraying of calcium on ('hinese cabbage had any effect on tipburn and internal rot. 

Materials and Methods 

Tllc exp,.ritient was conducted in field no. 28 in autuImnI 1984. [he split plot design 
was used with tie cittvatr,, ats the main plot, a:d the foliar spray and covering treatments 
as the subplot ( [ab!c 28). Seedlings of 162 ()eceubcr 30) and Fong-l-.uh (November 2) were 
transplanted to a plastic containcr, 50 x 35 x 30 ciin inl size with a soil depth of 20 cm, and 
harvested on December I I and l)ecembcr 14, respectively. 

Results 

Results are Summrnarizted in Tables 29 and 30. ,lI the treatments, except split application 
of liquid nitroenC, showed sytliptotus of either maiginal or internal rot, regardless of cultivar. 
Foliar spraying with Ia did [lot cure marginal rot; itl fact, C('l, resnlted in serious damage 
by this discase. The citrate spray incrCased the yiCld atId iiiuinizcd margiiial rot, but Ca-citrate 
did not work well. 

Covering the outer leacs hefore head Ioriation gave higher yields tham the other cover 
treat ments and decreased nmarginal rot fequency. ('ovcriigi after head foririation always
decreased head wc 'it greatly and aggravated umarginal rot. This fitiding cotifi med a previous 
experiment ott tipnumn . Iolowever, coering after head formtation until harvest resulted not 
only in decreasing head weight greatly, but also in aggravating tipburn. Outer leaves play 
a key role in carbohydrate production after head formation inlChinese cabbage; and if' they 
are covered, tie supply of carbohydrate to tile inier lea'cs from tile outer leaves is impeded; 
thus, C/N of the plant tissue becomes tarrov and the leaf blades ii the head easily damaged 
by marginal or internal rot. 

These facts show that suppressing vigorous plati growti before and at hcad formation 
stage itiimi/es tiphurti aid targinal rot effectively. These facts are also coni'irmed in 
treatments I atid 2, splplt aplication of' liquid NI1.1-N or NO,-N. Split application mtnlitnizes 
nitrogen intake hv the plants and avoids initial vigorois growth. Il these treatments, only
0.25 U of niiirogcit 'as applied each lime, which kept plant gtrowth comistait . Consequently, 
the plant,, produced heavy heads v,ith absolutely ito viiptomis. 

Table 28. Treatments. 

Main plot: Varieties, Fonrq-Luh 8 ASVEG 1 (If62) 
Subplot N Fertilizer Foliar Spray bCowe C .rig........


after 

1 Liquid, NH.-N 
2. Liquid, NO,-N 
3. Solid. NH.-N 
4. + 
5. -- + 
6. Ca-citrate y + + 
7. Ca-citrate - + 
8. " Ca-citrate' - + 
9. " Ca-citrate 

10. CaCI2 
11. " Citrate 
12. " H20 -

ZBefore and allet head initiation, - = no coveing, + = covering of outer leaves with a black plastic sheet. 
Y50 tnl/pot of Ca-cilrate at a concentration of 0.0005 M is sprayed twice a week rorm one week after 
transplanting (WAT). 1This toliar spray begins after covering the outer leaf. 

http:Fong-l-.uh
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Table 29. Effect of covering and foliar spray on Chinese cabbage yield.z 
Treatment Total Weight Head Weight
Main Plot: Cultivars (g/plant) (g/plant)

1.Fong-Luh 
 1412.1a 648.9a
2. #62 1165.8a 688.1a

LSD (.05) 1170.0 645.6 
Subplot: Countermeasures
 
to Avoid Internal Rot
 

1. Liquid NH4-N 1440.Oab 901.7ab2. Liquid NO.3-N 1655.Oa 980.6a
3. Solid NH4-N (check) 1465.0ab 660.0cdef
4. Covering BHFY 1425.Oab 675.1cde
5. Covering AHF 947.5c 462.1 g6 Ccve,ing B & AhF 1072.5c 550.6defg
7. Covering AHF +Ca-cit FS 980.Oc 491.Oefg
8. Covering AHF+ Ca-cit FS 

FS w 
1055.Oc 472.1fg

9. Ca-cit 1442.5ab 723.7bcd
10. CaCI2 FS 1352.5b 618.7cdefg
11. Citrate FS 1432.5ab 805.9abc12. Water FS 1200.Obc 674.3cde
LSD (.05) 252.0 177.9ZMear; wit in a columr followed by the same letter are not significantly diferent at the 5% level by

Duncan's multiple ianq-e lest YBefore head torma'ion. xAfter he'3d formation. wCa-cilrate foliar 
spray 

Table 30. Effect of covering and fotiar spray or; Chinese cabbage tipburn 
and internal rot.! 

Fong-Luh ASVEG 1
 
Treatment head 
 marqinal ,nternal head internal

weight rot rot weight rot 
1. Liquid NH4-N 939.Oab 864.4a
2. Liquid NO3-N 1049.Oa 912.2a 
3. Solid NH 4-N 656.5bc *** 675.4ab * * 
4. Coverirg B;-IFY 631.Obc * 719.3ab * * 
5. Covering AHF 359.Oc .... 565.3b * 
6. Covering BAHFW 528.Obc *** 573.2b * * 7. Covering .HF + Ca-cit FS' 448 5bc .. * £33.4b ** * 
8. Covering AHF+Ca-cit FS 468.5bc .... 475.7b ** 
9. Ca-cit FS 646.5bc *** * 8.0.9ab

,0. CaCI2 FS 686.5b 550.9b 
* * 

11. Citrate 801.5ab 810.3ab * * 
12. Water FS 572.5bc * 7'6.1ab ** LSD (.05) 251.3 251.6 

'Symbols indicate the rel7we extent of marginil ro and internal rot damage: * = Very slight: ** Slight;• * * * * - Medium, * * * * = Severe, * * ** * * = Very severe. Means within a colum-r followed by the 
same leler are not significantly different at the 5% level by Duncan's multiple range te!t YBefore heao
formation 'After heacd formation. WBetore and 3tter head formation vCa.citrate 'oliar spray, 

Conclusi-m 

Foliar spray of Ca-citrate and CaCI, did not cure m.rginal and internal rot, but c.trate 
spray increased yield and decreased the incidence of these diseases. Covering the outer leaves
before head formation gave high yield and decreased the frequency of marginal rot. The split
application of liquid nitrogen gave the heaviest heAds without any tipburn symptom. Thisstudy showed the irnportance 01 avo:ding vigorous initial plant growth brought about by high
nitrogen rate and water applLation. 
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Tomato and Chinese Cabbage Cultivation on a High Bed 
Introduction 

Tomato needs high light intensity and a dry and cool climate foi growth. It is extremelysusceptible to various kinds of diseases under hot and humid conditions. Flooding is also a major constraint in summer tomato production. It was confirmed that a 100 cm raised bedwith a vinyl roof could save tremendous arnounts of water and fertilizer, and minimize diseaseinfecdon and flood damage in summer vegetables. This project was designed to assess theadvantages and disadvantages of cultivating tomato and Chinese cabbage on higher than
normal beds in the rain, season. 

Materials and Methods 

Seedlings of tomato, Cl 1131-0-0-43-8-1, wa, transplanted on 70 cm raised L-ed on July5, 1984, and harvested seven times until December 19, 1984. Each I x 10 m bed was plantedto two rows of tomato, with spaces of 50 cm between plants and 50 cm between rows.Fertilization is summarized it, Table 31. For the first week after transplanting, eachseedling on the high bed received 300 ml of water evervday. Afterwards the plant was notwatered for one month unt il the fri i' -enlarging stage of the f'iist harvest. [Then, each plantreceived one liter of water at this stage of every harvest. In the low-bed :ultivation, ordinary
furrow irrigation was conductdco .vhenever necessary.

In the Chinese cabbage trial, seedlings of #62 were transplanted on April 16, 1984 andharvested on June 5, 1984. Other experimental conditions were the same as in toe tomato trial. 

Results 

Tomato. Results are summarized in Table 32. Plants on the low bed had more flowersand more fruits during the first harvest. By the second harvest, however, plants on the highbeci were producing more and bigger fruits. Fruit numnler and weight on the high bed were,respectively, four times and seven times more than those on the low bed, by the third harvest.Almost all the plants on the low bed died because of serious infections from such diseases as bacterial wilt and southern bliglt, Plants grown oi the high bed continued to flower and
 
set fruit even after the 7Ih harvest.
 

In a similar experiment \0itich was 
conducted last atOUnin, it w\as c-onfirmed that plantson the high bed had more fruits, though they were generally smnaler. Plants grown on thelow bed still produced the greatest total fruit weight. But tile e'xperiment was conducted inthe dry season and water was not given iuntil ite plants wilted. Nil's brought about severe
retardation of flowering and fruiting thereafter.
 

In the present experiment, however, plants vkem. 
 watered sufficiently at the most sensitivestage for f owerin, and fruit setting. There'fore, plants yielded n~early four tin.es more on tihehigh bed than on lie low bed. Thus, the 70 ciii raised bed with a clear plastic roof was avery effective way of getting iid of tomato diseases, suich as southern blight and bzcteria wilt,
in the summer cultivation. 

Table 31. Fertilization of tomato cultivated on high and iuw beds. 
Fert'lizer Hign Be. 1_(kg_/ha) . . . Loew Bed (kg/ha) 

N P205 K20 N P2 O5 K20
Basal 30 30 30 60 100 60
Top (1 MAT)' 23 20 60 60 
Top (2 MAT) 20 60 60Total 70 30 70 180 100 180 

ZMAT -- mornths Mter trdinpi intirl ;, 



---
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Although the high bed was greatly beneficial to summer tomato, it was more costlyand nec-ded more labor than the low bed. So, a more practical method for field applicationwas tested. After carefully examining the soil conditions of both beds, some observations weremade on two important factors. There was excess soil moisture in the low bed due to heavyrain, and watering in the high bed was done at the base of plants (downward water movement)
but that in the low bed was furrow-irrigated (upward water movement).

In the low bed during heavy rain, excess soil moisture promoted bacterial activity anddecreasd root activity. In addition, the raindrops hit the bed surface and soil colloids splashedon the leaves where more bacterial infection was iniliated. Furrow irrii';ition carried pathogensto the vicinity of the plant roots, as well as to thie bed surface, wheit: they attack the stems
in contact with the soil. 

To avoid bacterial infection, rain splashing must first be halted through mulching,netting, and roofing. Since infection through the roots seems to be limited, the seedling mediumshould next be sterilized and the secdlings transplanted with the medium. Furthermore, theseedling with 'the medium must be kept separate from the surrounding bed soil.The following seedling preparation and transplanting method were tested to replace highted cultivation and confirmed its effectiveness in minimizing disease infection to tomato plants.
* Prepare plastic bags 10 cm in diameter and 12 to 15 cm long.* Pack into this bag t ie sterilized seedling medium composed of soil, compost, and peat

or soil, smoked rice husk, and peat at a ratio of 3:1:0.5.
* Before transplanting the seedlings io the field, cut off' the bottom of the plastic bag.* When transplanting to tle hed, leave 5 to 7 cm of the plastic bag above the bed surface.Thus tihe soil around tile plait stays iry cvcn in heavy rain; and the stem close to

the soil is kept off the discasc germs.
('lhiinCse cabbc. Resnl tSare sumutarized in Table 33. I cead wvei.ht of Chinese cabbageon the high bed was significantly lower than that on the 1m bed. This is because water supply 

Table 32. Tomato yield on high and low bed. 
High Bed Low Bed
 

fruit no. fruit weight fruit no. fruit weight
(per 40 (kg/40 (per 40 (kg/40

plants) plants) plants) plants)1st harvest 727 20.00 1411 30.852nd " 763 26.56 434 7.473rd 2066 62.10 542 8.90

4th 847 24.8U ---

5th " 
 272 7.89 ... 
6th " 829 15.00 ... ...

7th 1582 27.80 ...
Total per 40 plants 7086 184.15 2387 48.22 

Average fruit No. per plant 177 60Average fruit wt (kg/plant) 4.60 1.21Yield (t/ha) 76.67 20.17 

Table 33. Chinese cabbage yield on high and low beds.' 
Total Head No. of Plants Soft Rot

Weight Weight Harvested Infection
(g/plant) (g/plant! fharvest/total) (infected/total)


High bed 1033.8a 516.5b 39/40 
 0/14Low bed 1161.Oa 740.Oa 32/40 21/40

LSD (.05) 153.0 
 99.3ZMeans, within -i colrnir, follov,'.dby lth. same leter are not significantly differen atIthe 5% level by 

Duncans'; lintlltlei rjnq e test. 



402 AVRDC Progress Report 1984 

was strictly limited throughout the growth period. At first a couple of days af'ter transplanting,
300 ml of water was applied to each plan t grown on the high bed everyday: but afterward 
no water was given .!ntil a sign of severe wilting was evident. So, some plants suffered from 
internal rot at harvs:t. 

Mole then 50% of tile plants on th, low bed were danmagcd severely by soft rot at harvesi,
and tile infection rate increased steeply as the growth stage advanced. On the other band, 
the plants on the high bed showed no signs of bacterial soft-rot infection. 

Conclusion 

Raised beds 70 cm high with1 a clear plastic roof effectively minimized southern blight
and bacterial wilt in the suinmer cultivat ion of tomato. The high bed also dramatically
decreased soft rot infection in suimmer Chinese 2abbage. Tomato fruit weight on the high
bed waF four times more than that on the low bed. It was also confirmed that the cultural 
practice using plastic bags 12 to 15 cm long as containers For transplanted seedlings exerted 
a similar effect as the high-bed culivation. 

Characterizing the Major Soil Groups in the Tropics 

according to Their Yield Potential 

Introduction 

It is well known that different soils produce totally different crop yields even when the 
crops are cultivated under the same niaiUienment. Soybean cultivars screened oi volcanic ash 
soils reportedly shosed more tolerance to phosphorus deficiency and gave higher yields than 
those screened ot1 alt1vial soils. TIhese tacts indicate that bothI tolerance and high-yielding
abilities are depend,'nt on soil condit ions. 

Breeders are often coifrontted wilh lthis dil'iculty of evaluating culti'ars tolerant to 
nutrieni de ficiencies and suitable for high yield. It is, therefore, arenit to identily the main 
limita:ions to crop product ion of tile major soil groups in the tropics and to characterize them 
according to their yield potenial. This project ai med to-develop a simple and practical method 
to evaluale and characterize iropical soils according to their yield potential. 

Materials and Methods 

litration cuirve. Soil saml,.es were collected from 18 different locations throughout
Taiwan. Each soil was titrated with HNO3 and NaOll in ile range of' pl-t 3 to 10. Titration 
was repeated three or four times on tle same soil in the different concentrations of electrolyte
(NaNO03) in order to determine its zero point of charge (ZPC). Based oti tile difference in 
the shape of the titration curve alld tile pI-I value correspoinding to ZPC, six soils were chosen 
to represent the major Taiwan soil groups. 

I' adsorplion. Two grams each 0f air-dried soil saiiiples were weighed .arid placed into 
a 50-nil polyethylene centriifuge tube, and 25 tml of' P solution containing 0.1 N I-INO 3 or 
0.I N NaOll to bring tile equilibritim 1-,-I to (lie desired values was added to it. Tile 
coticelitration of ttlie P solution ranged fron I to 200 ppm . This P solu tio also contained 
NaNO corresponding to ).01 NI. The mixture of the soil and P solution was shaken gently
for 21 Iir at room temperatlre.e.fter tie stiaking, tile suspension plI was measured and 
celltri figed. The supernatant was kept for analysis. The Olsen reagent was added to the 
remaining soil, shaken for 30 mi n, ; id tlhen centri fuCed. The supernatant was supplied for 
the analysis of Ol'sci-extractable P. 

http:saml,.es
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Results 

Titration curves for AVRDC and Yi-Chi soils are given in Figs. 21 and 22, respectively.There is a great difference in the shape of titration curves between the two soils. This reflects
C.- difference in surface charge density and soil components involved in surface reactions.Therefore, soils with similar titration curves may show similar responses to fertilizer, and hence may produce similar yields. Thus, acid and alkalinictric titration curves of soils can be used 
to characterize soils. 

Six soils with totally different titration curves were chosen to represent the major Taiwansoils and their reactions to fertilizers examined. In this trial phosphate was chosen as therepre.,entative fertilizer, because it is one of three major nutrients essential to all plants.
P adsorption by AVRDC soil is presented in Fig. 23. P adsorption is governed by twofactors: initial 11concentration and p1I. Witli increased pl1, P adsorption decreased steeply;in other words, tile number of positive charges on the soil surface affected the amount ofP adsorbed greally. This fact also indicated that the characterization of soils on the basisof the titratioui curve is very useful. P adsorption by the Yi-Chi soil was v,ry similar to thatof the AVRDC soil; however, the magnitude of initial linear part and total P adsorption wasmuch greater in the former than in tile latter (Fig. 24). This means that there is a greatdifference in P adsorption among soils. The initial linear part corresponds to the number

of positive charges on the surface. 
Next, the Langintir adsorption maximun of P'was calculated (Table 34). The adsorptionmaxim um (Xii) decreased steeply with an increase in pit in all tie soils tested. There wasalso a considerable difference in the adsorption maxi in u-n aniong tile soils; tlhat of Yi-Chisoil was 3.5 tirnes as much as that of AVRDC soil. As seen in tle titration curves, the surfacecharge deilsity of Yi-Chi soil was inuch greater than that of AVRIDC soil; hence, Xm also

reflected tie surface charge density of the soils.

When phosphorus fertilizer was applied, (tic amount 
available to the crops was totallydifferent for differen t soils or for the same soils, but with different pH. The Yi-Chi soil needed

four to five times more of phosphorus than AVRI)C soil to supply the same amount ofavailable phosphate io the crops. So, if a s:reening of cultivars tolerant to phosphate deficiencyis conducted on both soils utnder the same conditions, the cultivars screened on Yi-Chi soililitist be more tolerant to P deficiency, but may become more susceptible to an overdose of 
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phosphate. Thus, this technique is very useful for the characterization of the soils, and hence,
applicable to the screening of cultivars tolerant to various nutrient deficiencies. 

Although Xm is a good index for determining adequate phosphate fertilization and 
classifying .oils according to their yield potential, it is time-consun,'ng and laborious. So, 
a search for a much simpler relationship between P adsorption of the soils and various factors 
affecting it was conducted. 

By using multiple regression analysis, various kinds of models were tested, and finally, 
a simple equation that fitted each experimental point very well (n=75) was found: Log(P
adsorbed) = A + B*log(initial or equilibrium P concentration). This equat un does not include 
pH; so, the amount of P adsorb- -1 by the soils can be decided only by the P concentration. 
Results are summarized in Tables 35 and 36. The slope of the equation reoThcts surface charge
density 	and kinds of charging sites; therefore, it can also be used for .,oil classification. 

The last column of Table 36 shows the equilibrium P concentratio!n at which I ug P/g
soil is adsorbed. Yi-Chi soil gave the lowest value, followed by Lin-Beng, and then by Fong-
Shan soils. In Yi-Chi soil, therefore, the equilibrium P concentration is much lower than that 
in AVRDC soil when the same amount of phosphate is applied to both soils. Thus, we can 
easily estimate the amount of P adsorbed by various kinds of soils and also clas ify the soils 
in terms of the difference in the slope of the first equation or equilibrium P concentration 
at X = I in the second equation. 

Finally, this theory was extended to the evaluation of available phosphate for crops.
In the previous experiment, it was confirmed that Olsen-extractable P was an excellent index 
for determining P available to crops in a wide range of soil types. Fig. 25 and Table 37 show 

Table 34. .Adsorption maximum (Xm) of the soils calculated by Langmuir equation. 

Equilibrium 	 Xm (Ig Pig Soil)
pit AVRDC Fong-Shan Kaohsiung Lin-Beng Tung-Ho Yi-Chi 

4 399 452 	 542---	 714 1448
 
5 
 371 235 377 224 406 1231
 
6 209 224 352
293 404 1039
 
7 200 210 294
223 314 994
 
8 255 194 252
363 	 331 984
 

1500 

Yi-Chi pH= 4 

400 AVRDC 6200 

........
H 0/00
 

pH6 	 o0 

,CLo00 	 300 

0 	 ,0 

0 60 120 180 0 50 100
Equilibrium Concentration (C,/pg P/g soil) 	 Equilibrium Concentration (C,jug P/g soil) 

Fig. 23. 	Langmuir plots of P adsorption Fig. 24. Langmuir plots of P adsorption 
at ph 4 through 8. at pH 4 through 8. 
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the relation between Olsen-extractable P and fraction of adsorption (O=X/Xm) at pH 5 and
7. A close correlation car, be found between them. So, available P, Xm, and initial or
equilibrium P concentration are easily interchangeable. 

Table 35. Relationship between P adsorption (X, jg P/g soil) and Initial P 
concentrations added (C, ug P/ml) 

Soil Regression Equation Correlation Initial PCoefficient Conc. at X= 1 

AVRDC logX = 1.0839 + 0.6674 logC, r = 0.9672 0.0238 
Fong-Shan logX = 1.2127 +0.6106 logC i r = 0.9667 0.0103 
Kaohsiung logX = 0.8756 + 0.7692 logC, r= 0.9712 0.0727
Lin-Beng logX = 1.2511 + 0.6464 IogC r=0.9552 0.0116 
Tung-Ho IogX = 1.0184 + 0.7711 logC r = 0.9612 0.0478 
Yi-Chi logX = 1.1261 +0.923? logC, r=0.9843 0.0603 

Table 36. Relationship between P adsorption (X, ug P/g soil) and equilibrium P 
concentration (C0 , 14g P/m) 

Soil Regression Equation Correlation Equilibrium P
Coefficienl Conc. at X= 1 

AVRDC lgX = 1.3985 +0.5347 logCo 3r= 0.9449 2.42 x 10-
Fong-Shan logX = 1.6193 + 0.4157 logCO r =0.9455 1.30 x 104 
Kaohsiung logX = 1.1029 + 0.6923 logC r =0.9546 2.55 x 10.2 
Lin-Beng logX = 1.7548 + 0.4155 !'gC, 5r =0.9157 5.98 x 10
Tung-Ho 3logX = 1.4246 +0.6068 logC r =0.9060 4.49 x 10.
Yi-Chi logX =2.4137 +0 3333 logC e r= 0.7971 7.33 x 10-3 

Table 37. Correlation coefficients between Olsen-extractable phosphorus and 
fraction of adsorption (X/Xm, P aosorbed/adsorption maximum). 

Equilibrium 
pH AVRDC 

4 0.9908 
5 0.9982 
6 0.9812 
7 0.9899 
8 0.9835 

480 .
 
Yt-Chi 

360 

Y 1701#4709X 


CL r:0999 

-3, 

CH 240 H 
pH?
pH-


64 

120 Y: .;926,3777Y 


r:0996 


0 03 06 09 


Soil 
Fong-Shan Kaohsiung Lin-Beng 

0.9910 - 0.9565 
0.9697 0.9936 0.9785 
0.9895 0.9909 0.9948 
0.9673 0.9683 0.9916 
0.9736 0.9793 0.9373 

00- /

AVRDC 

0 63 
0 Y: 63142 2X 

r--0998
 

0 pH5 
1 

40
 
r099C
 

1 0 03 06 09 

X/Xm 

rung-Ho Yi-Chi 
0.9911 0.9933 
0.9799 0.9987 
0.9700 0.9903 
0.9827 0.9962 
0.9821 0.9894 

Fig. 25. 
Relation between Olsen
extractable phosphorus and 
fraction of adsorption (X/Xm) 
at pH 5 and 7. 
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Conclusion 

It was confirmed that acid and alkalimetric titration curves of soils could be used for 
the characterization of tropical soils according to their yield potential. There was a great 
difference in P adsorption maximum (Xin) among the soils tested, indicating that the amount 
of available phosphate to crops was totally different among the soils when the same amount 
of phosphorus fertilizer was applied. 

This technique isvery useful for the characterization of soils and is applicable to screening 
of cultivars tolerant to various nutrient deficiency. To simplify the technique, the following 
equation is proposed to characterize tropical soils and to determine the amount of P adsorbed: 
log(P adsorbed)= A+ B*log(initial or equilibrium P concentration). The amount of P 
adsorbed by various kinds of soils can easily be estimated, and the soils classified in terms 
of difference in the slope or ?quilibrium P concentration at X= I in the equation. 

A close correlation was also found between Olsen-extractable P and fraction of 
adsorption (0= X/Xm). S,, available P, Xm, and initial or equilibrium P concentration are 
easily interchangeable. 

Effect of pH, EC, and Nutrient Status of
 
AVRDC Soil on Crop Yield
 

Introduction 

To determine optimum soil conditions for better legume and vegetable growth, a new 
project was started this year. Sulphur powder and peat were applied to the experimental lots 
in the field in order to change the soil pli and other chemical properties. Crops were cultivated 
simultaneously on three to four different locations in our field under the same conditions. 
The locations chosen had a different crop cultivation management; therefore, the effect of 
soil physical properties on crop yield would be evaluatcd. Experiments on physical properties 
are still ongoing, and the chemical analysis of soils and plant tissues has not been completed 
yet. So, oily the results of the soybean trial are presented here. 

Materials and Methods 

Sulphur powder and peat were scattered homogenously on the soil surface and then 
roiotilled. The amounts of sulphur and peat required to bring the soil pl-I to desired values 
were determined by a laboratory test. 

Results 

Correlation coefficients between yield components and soil nutrients after soybean 
cultivation are given in Tables 38 and 39 for AGS129 and Kaohsiung No. 8 (KS8), respectively. 
Soil p-I was highly correlated with soybean yield, and the electric conductivity (EC) values 
were negatively correlated with yield, regardless of cultivar. The N114-N content in tile soil 
also had a negative correlation with yield after cultivation. The relationship is plotted in Figs. 
26 and 27. 

Over a range of soil pil, the yield of AGS129 and KS8 increased by 0.5 and 0.4 t/ha, 
respectively, for every unit increase in p-1 value. The quadratic equation showed a best fit 
for each experimental point with regards to EC; so, the optimum EC value of soils for soybean 
could be estimated at 0.135. 

Although a negative correlation existed between mineral nitrogen concentration and 
yield, this relation seemed to be meaningless. Experimental points can be separated distinctly 
into two groups: high yield group and low yield group. The former had no correlation with 
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yield, and the latter increased yield slightly with increased nitrogen concentration. Thus, soil
pH and EC influenced soybean yield greatly, but nitrogen concentration in the soil after harvest 
did not show any clear correlation with yield.

In an ordinary fertilizer trial, the effect of fertilizer application on crop yield, especially
on leguime yield, is not very clear. In order to find the optimum soil condition for the maximum 

Table 38. Correlation coefficients between soil chemical properties
 
and yield of soybean cultivar AGS129.
 

Correlation Coefficients'
 
NH4-N N03-N pH EC Totalny Totdwx 1OOwtw Yield 

NH4-N 1.0000 -0.0564 -0.5047 0.3068 0.9101 0.0730 -0.4432 -0.4092 
* * NS ** NS NS * 

N03-N -00564 1.0000 0.1077 -0.2156 0.3624 0.3431 0.2433 0.3185 
NS NS NS NS NS NS

pH -0.5047 0.1077 1.0000 -0.6897 -0.4264 0.71780.3648 0.8298
NS ..........
 

EC 0.3068 -0.2156 -0.6897 1.0000 0.1969 -0.5129 -0.573)1 -0.6079 
NS NS f * NS

Totalny 0.9101 0.3624 -0.4264 0.1969 1.0000 0.2105 -0.3127 -0.2498 
.... NS ** NSNS NS

Totdw' 0.0730 0.3431 0.3648 -0.5129 0.2105 0.49611.0000 0.5426 
NS NS NS ** **** 

Plant 0.0258 0.3294 0.4477 -0.5518 0.1608 0.7429 0.3265 0.6736 
height NS NS ** NS NS' SedT -0.3808 

** 
0.2809 0.6444 -0.3303 --0.2389 0.4880 0.6745 0.6089

* NS ** NS NS ** * ** 
Seed -0.1933 0.1399 0.1797 0.0526 -0.1224 0.3329 0.2643 0.3513
 

No./pod NS NS NS NS NS NS NS NS
 
Seed wt 
 -0.2967 0.2730 0.5157 -0.5974 -0.1637 0.6756 0.3065 0.5694 

NS NS ... NS ' * NS ** 
100wl W -0.4432 0.2433 0.7178 -0.5731 -0.3127 0.4961 1.0000 0.7171 

* NS ... . NS ** * * * * 
Yield - 0.4092 0.3185 0.8298 -0.6079 -0.2498 0.5426 0.7171 1.0000 

* NS ... . NS ** ** ** 
NS =not significant: signiticait atthe 5% level, significant at the 1% level.** Totaln = Total 

leaf number xTotdw =Total dry weight. w100wl =100-seed weight. vSed/T =Ratio of seed wt 
to total dry wt. 

375 ------ - "1315 
AGS3129 KS8
 

325  0 245 

00 - 0 

2.75 - 1.75-

S0 0 

225 1,05 0 . 

r:0839 r:0.651 
0 Y-0,583,0534X Y=-0.260t0408X 

1.75 
4.8 

I 

56 
1 -I n 

6.4 
i 

7.2 
0 .351. 

80 3 
n 

4.4 58 
I 
7.2 8.6 

pH pH 

Fig. 26. Effect of soil pH on yield of GS129 and KS8. 
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yield of crops, we have traced the relationship between soil chemical properties and yield ofAVRDC mandate crops. Here is an example on mungbean.
The effect of soil pH, EC, and nutrient status on mungbean yield are plotted in Figs.28 to 33. There was absolutely no correlation between soil chemical properties and mungbeanyield. Soil chemical properties at pod-filling stage were also plotted against mungbean yield,

but no correlation was found. This is simply o -cause all the chemical properties plotted againstthe yield lay at the optimum level. Soil pH lay around 7.2 and soil EC values were mainlydistributed around 0.2. These values were also very close to the optimum for soybean growth.
Accordingly,. 5 to 10, 50 to 70, and 45 to 65 ppm were the optimum concentTations of N,
P205, and K20 at flowering, respectively, for the mungbean growth. 

Table 39. Correlation coefficients between soil chemical properties 
and the yield of soybean cultivar Kaohsiung 8. 

Correlation Coefficientsz 
NH4-N N03-N pH EC Totalny Totdwx 100w w Yield 

NH4-N 1.0000 0.2801 -0.4624 0.4839 0.9233 0.0298 0.1453 -0.3856 

N03 -N 

pH 

** 
0.2801 

NS 
-0.4624 

NS 
1.0000 

0.4979 

0.4979 

1.0000 

** 
-0.2214 

NS 
-0.8210 

** 
0.6273 

-0.1758 

NS 
0.1880 

NS 
0.3122 

NS 
0.3205 

NS 
0.1296 

* 
0.4872 

** 

0.8642 

EC n.4839 -0.2214 -0.8210 1.0000 
NS 

0.3038 
NS 

-. 0.4918 
NS 

-0.0163 -0.8298 

TotalnY 0.9233 
NS 

0.6273 
** 

-0.1758 0.3038 
NS 

1.0000 
** 

0.0985 
NS 

0.2457 -0.1183 

Totdwx 

Plant 
height 

SED/T 

SD/Pv 

Seed wt 

1OOwtw 

** 

0.0298 
NS 

-0.1206 
NS 

0.1i027 
NS 

0.0443 
NS 

-0.0374 
NS 

0.1453 

0.1880 
NS 

0.4081 
... 

-0.2625 
NS 

0.0720 
NS 

-0.0792 
NS 

0.3205 

NS 
0.3122 

NS 
0.6859 

-0.1935 
NS 

0.0713 
NS 

0.1975 
NS 

0.1296 

NS 
-0.4918 

-0.b922 

0.0410 
NS 

-0.1729 
NS 

-0.4863 

-0.0163 

0.0985 
NS 

0.0649 
NS 

-0.0210 
NS 

0.0648 
NS 

-0.0628 
NS 

0.2457 

NS 
1.0000 

0.7402 
** 

0.1247 
NS 

0.3195 
NS 

0.8425 

0.3605 

NS 
0.3605 

NS 
0.2470 

NS 
-0.2975 

NS 
0.2347 

NS 
0.0153 

NS 
1.0000 

NS 
0.6059 

0.8057 
** 

-0.2110 
NS 

0.2195 
NS 

0.4366 
* 

0.3009 

Yield 
NS 

-0.3856 
* 

NS 
0.4872 

** 

NS 
0.8642 

** 

NS 
-0.8298 

** 

NS 
-0.1183 

NS 

NS 
0.6059 

** 

** 

0.3009 
NS 

NS 
1.0000 

** 
ZNS =rot significant * significant at the 5% level; * * =significant at the 10' level. YTotaln Total 
leaf number. 'Toldw- Total dry weight. wl00wt= 100-seed wt. vSD/P Seed no./pod. 

4 
AGSI29 ° 

.3 

Fig. 27. Effect of soil EC on yield of AGSI29.
2 
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Conclusion 

Soil pH and EC had a great effect on soybean yield and the yield increased by 0.5 and
0.4 t/ha for every unit increase in pH value for AGS129 and KS8, respectively. For mungbean
growth, 7.2, 0.2, 5 to 10, 50 to 70, and 45 to 65 ppm were the optimum levels for soil pH,
EC, N, P20 5, and K20, respectively. 

3.75 
AGS129 

3.25 ° . . 

275 Fig. 28. (left)

Effect of soil nitrogen
 

e 	 0 concentration on yield 
2.25 * 	 * * of AGS129. 

1.75 - g*
2 	 4.2 86 08 ,413
 

Total N (ppm)
 

At Flowering At Harvest 
27 -0 

25 	 O 

- % # : 	 " 
0 	 0• 

2.3 -	 *0 

2.1 	 I I I I i I , I L I i i
6.2 6.6 70 74 8.0 5 6 7 8 9 

Soil pH
Fig. 29. Effect of soil pH at flowering and harvest on mungbean yield. 

At Flowering Al Harvest 
2.7- * 

o2.5 a 

0.0% 10 0 I 0__a_____
2.3 o• • 

2.1 L I t'L L_ I II i 
01 02 03 0.4 0.5 0 02 0.4 06 0.8 

Soil EC 
Fig. 30. Effect of soil EC at flowering and harvest on mungbean yield. 
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At Flowerinq 	 At Harvest 
27- % 4 

Z 
00 

o% 
2.5 	 * * * 

2.30 	 0 

2 .1 1 	 1 1 1 00 0 

2,1 I I I I I I I e.... L ..I .... I I 1 I I 
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Fig. 31. 	 Effect of soil nitrogen concentration at flowering and harvest on mungbean 
yield. 
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Fig. 32. 	Effect of soil phosphorus concentration at flowering and harvect on 
mungbean yield. 
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Fig. 33. 	Effect of soil potassium concentration at flowering and harvest on 
mungbean yield. 
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AVRDC Training Program 

Training and Funding 

In 19F4 AVRDC provided 158 man-months or 13.16 man-years of training to 64 
participanis trom 12 countries (Table I). Their distribution by commodity is shown in Table 
2. In the same year AVRDC initiated a two-week intensive Vegetable Garden Course sponsored
by the German Agency for Technical Cooperation (GTZ) with 14 participants from four 
countries. 

T[he total amount spent for training was US$176,130, 5207o of which came from AVRDC 
and 48 0/6 from outside agencies sponsoring training participants, as follows: MARDI/AVRDC
Research Program (MARP); USAID - Garden Program; University of Illinois; IHeulig Nung
Seed Company; Bayer Thai Company; Taiwan Ministry of Foreign Affairs; Taiwan Vocational 
Assistance Commission for Retired Servicemen (VACRS); GTZ; and FELDA Agricultural 
Services Cotporation. 

AVRDC provided US$88,568.87 in scholarship grants to 19 scholars from national 
programs in Korea, Philippines, Taiwan, and Thailand. We also provided finarcial assistance 
to 18 summer students from several Taiwan universities to complete training in 36 man-months 
or three man-years. 

The 37 scholars funded by AVRDC representing 129 man-months or 10.75 man-years 
were: Research Interns (16), Research Fellow (1), Special Purpose Trainees (2), and Summer 
Student Trainees (18). Since the inception of this program, AVRDC has trained a total of 
537 scholars (Table 3). 

TOP/AVRDC Production Training Program 

The third Regional Training Class held at the Thailand Outreach Program - Asian 
Vegetable Research and Development Center (TOP/AVRDC) began in October 1984 with an 
enrollment of 19 persons coming from six Asian countries. The 19 participants were distributed 
among the five AVRDC mandate crops, as follows: Chinese cabbage (3), tomato (4), sweet 
potato (4), mungbean (3), soybean (2), and tissue culture (2).

Nine project titles in three crops (Chinese cabbage, tomato, and sweet potato) have 
already been approved and in effect for research work. Since 1983 when this program started, 
it has trained 40 production trainees from 10 countries (Table 4). 

http:US$88,568.87
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Table 1. Number of 1984 trainees by country. 

Country Number County Number 
Guatemala 1 Philippines 6 
Indonesia 7 Republic cf China 21 
Korea 5 Sierra Leone 1 
Liberia 1 Thailand 15 
Malaysia 2 U.S.A 1 
lepal 1 West Germany 3 

Total 64 

Table 2. Number of 1984 trainees by commodity and by category.' 

Crop RI RS P.F SST SPT Total 
Horticultural 

Chinese cabbage 6 - - 5 - 11 
Sweet potato 2 - - 3 - 5 
Tomato 5 1 1 5 - 12 

Legume 
MungO-an -  - 4 - 4 
Soybean 3  3 - 6 

Others - 1  - 27 28 
Total 16 2 1 20Y 28 66 

'RI - research intern RS : research scholar: RF - research fellow; SST summer student trainee; SPT 
special purpose traim-e YSUmmer student Mr. Yang, Yun-liang is involved in three crops. 

Table 3. Number of trainees by category cumulative as of December 31, 1984.' 

Year RI RS RF PT SST SPT Total 
1974 -- 2 - - - 2 
1975 10 1 1 - 8 1 21 
1976 14 1 - 24 15 1 55 
1977 11 1 - - 14 5 31 
1978 12 4 1 21 17 4 59 
1979 2 4 - 25 8 26 65 
1980 7 4 1 18 10 4 44 
1981 14 - 1 17 11 15 58 
1982 15 1 1 16 19 19 71 
1983 23 2 3 9 15 15 67 
1984 16 2 1 - 18 27 64 
Total 124 22 9 130 135 117 537 

'RI =research intern. RS research scholar: RF = research fellow; SST= summer student trainee: SPT=
 
special purpose arnee PT=production trainee.
 

Tab!e 4. Number of TOP/AVRDC trainees by country as of December 1984.' 

Country Number Country Number 
Bangladesh 5 Nepal 1 
China 8 Pakistan 1 
Indonesia 4 Philippines 1 
Kenya 1 Sri Lanka 13 
Malaysia 2 Thailand 4 
Total 40
 

'Altproduction Itainees
 



Training and )eveloprnent Office 	 415 

Training Scholars 

Chinese Cabbage 	 I c eing, Jaiwan Rush Gibak, Indonesia
 
Low, Sheng-shyan, Taivan Saleh, Mmnadi, Indonesia
 

Calibo, Juanita G., Philippines Neri, Felno R., Philippines Schmidt, Ardreas, Philippines 
Chao, Yu Chane, Taiwan Yang, Yun-liang, Taiwan Versola, Elizabeth, Philippines 
Che, Chun-liang, Taiwan Zaini, Rahmat, Indonesia 
Huang. Ji Wei, laiwar Tomato 
Na, long Ifl'ycon, Korea Plant Protection 
Ong, (har Lain, laiwan Adhikari, Rishi Raj, Nepal 
Park, Yang li, Korea Alullpti, Paryup, Thailand 
Pipithsai_,chai, So ntiiorii, Chen,J I ," ai ll Lcclaaniornsini, Iayoon, thailand 

Thailand Ditapoingpiich, Vanla, Thailand Home Garden
 
Toledo Iepc, L.,Kim, Itycong )o, Korea
 
Yaur, Mee .
Jir,laiw,ang
Yen yongsawad. (ham!con, 	 Ko, N irg Iirig, ira Yamboonchoo, Thararag, 

hailandI 	 Thailand 
Yui""e1c, , aiwa l 

Yu thin, TaiwanMungbean 	 Liin, Agricultural EconomicsPratoonirat, Ni,azmn, Inailand 

Choir, Shwu (1htlat, 	 ShenI, Slvanll Iaisian Gleason, Jane, U.S.A.Iaiwan 	 ('hmcri,
Shh Shyai,l let,An Shu, laisari iWang, laiwal; 

Liin,Ming (1hin, aari Others
 
Yang, Yin-lia ,., l;ria in
 

Two-Week Vegetable l)isyabutra, Laksana, Thailand
 
Soybean Production and Home I.osuwan, Paisan, Thailand
 

GorbeaPrMatta, Helhnu Cardona,
 
Jee-kritiy', ,\rnu'i, t hailand Gre Program Guatenala
 
(_'hang, 'noke ('herl, laiwan Noppadol, Toalong, Thailand
 
Chin, Niii Sip, Korea Ali, Wirda, Indonesia Pairat Karidee, Ithaijand
 
l.ec, Kia-hia, laissar' Andreas Triarno, Indonesia Rahmnat Jarrhar;, Malaysia
 
Rayrnundo, Re.,,rtido I_ Ilekerra, Iciko, W. ;elimany Rodkachane, Pattamarat,
 

Philippincs Gblec, T. Isaac, Liberia Thailand 
Yang, Ytor-liang, I:1iwanl hIlias Basa, Indone'ia Saharan, 11j. Arang, Malaysia 

laya, Asnar, Iidonesia Siraprapapong, Orasa, Thailand 
Sweet Potato Kai-toii, I)avid P., Sierra Leone Sornipong, Puntong, 1fhailand 

Lore nz, (hriisoph, W. (,mrrinany 
Cluing, Isirc lyng, Taiwan Posadas, Nancv, lhilippirnes 

Development Program 

Sweet Potato 

Rerion l yicl trial. Fiv- AVRDC promising sweet potato lines and one improved 
line from Chiayi Taiwan Agricttltural Research Institute (TARI) were tested against two local 
checks in eight locatioi:s for regional yield trial (SPRYT) in spring, summer, and autumn 
1984 (Table 1). 

In the spring ' rial, tile average marketable root yield from three l6cations showed 
CN942-47 topping in yield which was 17iii higher then that of the local checks, followed by 
CN1232-9 (Table 2). 

In the summer I rial in four differenl localions, all lcsted lines performed less in yield 
then the local check TN66 with only CN 1108-13 yielding close to it (Table 3). The fall trial 
conducted in ,\V1.!)" s'-cd (iN941 32 giving a yield 59% higher then the local check and 
CN1232-9 and (N1219-1 with yield 29/o highcr (Table 4). 

Pooling all fhit tnrce trials together, CN1232 9 and CNI108-13 were the best yielders, 
but the differences among all entries were not significant (Table 5). 



Table 1. Locations, planting dates, and harvesting dates of the sweet potato regional yield trials, Taiwan 1984. 
Location Season Cooperating Station Planting Date Hrvesting Date Duration (days)AVRDC Spring AVRDC Mar. 22, 1984 Aug. 30. 1984 160Taoyuan Spring Taoyuan DAIS Mar. 30, 1984 Sept. 6, 1984 160Shalu Spring Taichung DAIS Apr. 5, 1984 Aug. 17, 1984 134AVRDC Summer AVRDC May 28, 1984 Nov. 13, 1984Kinshan Summer Taoyuan DAIS 

168 
Apr. 27, 1984 Sept,17, 1984 143Penghu Summer Kaohsiung DAIS May 11, 1984 Oct. 17, 1084 160Chingsui Summer Chiayi TARI June 14, 1984 Oct. 26. 1984 134AVRDC Autumn AVRDC 

> 

Aug. 24, 1984 Jan. 30, 1985 160 

0 

rb 

Table 2. Marketable root yields and quality evaluation of entries in the Taiwan sweet potato regional yield trials, spring 1984.z
 
Entry Taoyuan Marketable Root Yield (tha) Index
Shalu AVRDC mean Percentage of Dry Weight (AVRDC)dry matter protein sugar starch fiber 

'0CN.941-32 39.4a 21.3cd 16.3c 25.7 95 24.9b 1.57c 14.8bc 70.5abCN1108-13 1.51cd31.1 bc 24.9bc 24.2b 26.7 99 21.6bCN1232-9 31.6bc 30.8a 25.9ab 
1.55c 17.9a 67.7bc 1.59c

29.4 
 109 23.4c 2.99a 14.Oc 63.6cd 2.33abCN1219-1 28.5cd 17.7d 15.7c 20.6 
 76 22.8c 1.95bc 15.5bc 65.6cd 2.09bCN942-47 35.2ab 26.9ab 32.9a 31.7 117 22.6cd 2.08b 18.3a 63.2d 2.44a63-74 27.Ocd 20.8cd 27.9ab 25.2 93 33.4a 1.77bcTainung 64 (Ckl) 23.6d 23.4bc 25.4ab 24.1 
8.9d 74.4a 1.27d 

89 23.5c 2.08b 17.9a 64.9cd 2.21abTainung 66 (Ck2) 34.7ab 22.6bc 23.7b 27.0 100 23.2c 2.88a 16.6ab 64.4cd 2.26ab'Mean separation within columns by Duncan's multiple range test at 5% probability level. 



Table 3. Marketable root yields and quality evaluation of entries in the Taiwan sweet potato regional yield trials, summer 1984.z 

Entry Marketable Root Yield (t/ha) Index Percentage of Dry Weight (AVRDC)Kinshan Penghu Chingsui AVRDC mean dry matter protein sugar starch fiberCN941-32 16.3e 6.6c 9.4J 16.5 12.3 58 24.5d 4.27 18.8 63.3 1.70N1108-13 32.5a 12.6a 20.6ab 16.3 20.5 96 27.5c 4.39 18.9 60.7 1.8CN 1232-9 23.9b 6.6c 18. 1bc 19.0 16.9 79 28.2c 5.18 18.5 59.8 2.0CN1219-1 21.3cc, 5.4c 16.9bc 14.4 14.5 68 31.7b 4.16 16.3 61.6 2.2CN942-47 19.2d 6.5c 18.Obr 19.8 15.9 74 27.8c 3.94 19.5 60.6 1.963-74 15.8e 9.7b 16.Oc 163 14.4 67 37.7a i.5-1 20.3 60.2 2.0Tainung 64 (Ck) 22.Obc 5.1c 6.6d 14.0 11.9 56 27.1c 4.56 18.4 60.8Tainung 66 (Ck2) 32.1a 12.2a 22.1a 1.9
19.4 21.4 100 27.2c 4.19 19.1 62.0 1.93Mean separation within columns by Duncan's multiple range test at 5% probability level. 

Table 4. Marketable root yields and quality evaluation of entries in the Taiwan o 
sweet potato regional yield trial, autumn 1984. z 

Marketable Root Percentage o Dry WeightEntry Yield in AVRDC Index dry 0
(t/ha) matter protein sugar starch fiber 

CN941-32 22.4a 159 24.3d 2.35d 17.3b 67.Oc 1.80cCN1108-13 17.2b 122 26.9bc 2.32d 13.5cd 72.3b 1.54cdCN1232-9 18.2b 129 27.2b 3.37ab 12.4d 68.3c 1.79cCN1219-1 18.2b 129 29.8a 3.62a 9.6e 74.2ab 1.39dCN942-47 16.5bc 117 23.9d 2.36d 19.1a 63.2d 2.28a63-74 16.4bc 116 30.8a 2.55cd 9.9e 76.2a 1.29dTainung 64 (Ckl) 11.5d 82 26.Oc 2.84bcd 16.5b 63.5d 2.17abTainung 66 (Ck2) 14.1cd 100 26.6bc 3.17abc 14.6c 65.7cd 1.91bc 
'Mean separation within columns by Duncan's multiple range test at 5% probabilty level. 

-I 
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Chinese Cabbage 

Regional yield trial. In its second year, this regional yield trial (CCRYT) was
conducted in surmmer 1984. Five AVRDC promising lines and three check varieties were tested 
in eight locations representing the major production areas in Taiwan. Owing to heavy rainfall 
damage during the seedling stage and serious soft rot infection during the harvesting stage,
the Fengshan Tropical Horticultural Experiment Station (FTHES) failed to gather yield daa. 
Table 6 shows only tile results from the seven other regions.

Though AVRDC 80-37 gave the highest average yield of' 20.82 t/ha among the five 
selected lines, it was, however, I11/0 lower than !hat of' the check variety ASVEG 1, and was 
more sensitive to sof! rot. Hence, no results were considered outstanding.

Because the Taiwanese preferred the Chanlg-puh type, Chinese cabbage with smootlh,
dark green leaves and compact heads commanded a bctt-.r market price. Only AVRDC 80-6,
80-12, and 80-13 nearly fitted these descriptions, thus, they were selected for the 1985 CCRYT. 

Processing Tomato 

RCgional yicld trial. For the cropping season extending from 1983 to 1984, nine
AVRI)C promising processing tomato lines were tested in a regional yield trial (PTR YT)
against three local cultivars at thre.." locations in late sunurer, fall, and winter (Table 7). In 
the 1983 lale Summlt1eI trial, TIN103 gave a yield 52% higher than that of the check (Tainan
No. 2) followed by PT857. PT8762 produced the biggest fruits followed by PT858 (Table 8).

In tile fall trial, tile yield of all entries were over 100 t/ha, with ITM 102 giving an average
yield 2801o higher than that of the check, and with PT862 having the second highest yield.
Oin tile other hand, PT858, however, again produced tlie biggest fruits (Table 9). In tile winter
planting, TMI103 yielded 89% hctter than the check and Pl''85F again topped all entries on 
Ineani fr uit weighlt (Table 10). 

In all the three-season trials, T1103 ssas tlie top yielder and tile fall planting produced
the highest average yield of 122.2 t/ha. LatC winter planting should be avoided for low yield
(Table I1). Based mainly on yield, fruit appearance, and processing qualities, TM103, PT858,
and PT862 were again included in the district trials of 1984. 

Fr'uZC1l tolrln() o rcr''ation trial. The fro/en ipocessing tonato observation trial 
was initiated in SepterMi&L 1983 to test five AVRItC promising lines against two local cultivars 
in AVRDC and Ahlien l1'913 gave tile highest average yield 29% higher than that of' tile
check KnowN-you 209, followed bv PT912 (Table 12). In view of' the excellent yield
performance of 1"'913 wich has good fruit color, shape, and heat tolerance, it was
 
cornirended as a potential line.
 

Fresh-Market Tomato 

Regional yicld Irial. This regional yield trial for suriner fresh-niarket tomato
(FM'TRYT) was coirdunet ed in six locations representirg the major production areas ill Taiwan, 
to test five AVR C proimising lines and three newly bred lines from Taiwan Seed improvement
Production Station (TS11PS). 

File trials in Yarinhi'slran and Yu-chil areas failed to give yield data owing to bacterial
wilt and early blight dariage brought about by heavy rains. Irr the Scapao area of' H-lualien 
District Agricutuitirre Ilrrnro\cnreirt Station (DAIS), ('15573 gave tihe biggest average fruit weight
and highest yield Mrich \\as 71; higher than that of the clreck TSS No. I (Table 13).

CL.1405 * ic yield which wecr 22% higher rhain that of' the local check in Pulieavc besr 
(Table 14). Again (I1.5573 w;,, ,: in the Sachunig Branch Station trial (Table 15).N.- .ic!dcr 

DUe to 16heir srsit iit v to bactcrial wilt, AVRIX's lines gave yield much lower than 
tle local checks in the IS: PS trial where C325 toppeCd all entries with a yield 530/b higher
than tha of tlie check (lable 16). 



Table 5. Marketable root yields and quality evaluation of entries in the 1984 Taiwan sweet potato regional yield trials. 
Entry Marketable Root Yield (t/ha) Indexspring summer autumn mean Percentage of Dry Weight

dry matter protein sugar starch fiberGN941-3? 25.7 12.3 22.4 20.1 97 24.6CN1108-13 26.7 2 73 17.0 66.9 1.6720.5 17.2 21.5 103 25.3 2.75 16.8CN1232-9 66.9 1.6429.4 16.9 18.1 21.5 103 26.3 3.85CN1219-1 20.6 14.5 15.0 63.6 2.0418.2 17.8 86 28.1 3.24 13.8CN942-47 31.7 15.9 67.1 1.8916.5 21.4 103 24.8 2.79 19.0 62.363-74 2.2125.2 14.4 16.4 18.7 90 34.0 2.95Tainung 64 (Ckl) 14.1 11.9 13.0 70.3 1.5211.5 12.5 60 25.5 3.16Tainung 66 (Ck2) 27.0 17.6 63.1 2.0921.4 14.1 20.8 100 25.7 3.41 16.8 64.0 2.02 

Table 6. Yields and horticultural characters of entries in the Taiwan Chinese cabbage regional yield trials, 1984.zsummer 
Yield (t/ha)

Entry Mean Head HarvestTainan Kaohsiung Shanchung Taoyuan Taichung Hualien Index Daysto Head Shape RateAVRDC DAIS DAIS BS DAIS DAIS DAIS meanAVRDC Maturity Wt(g) Index (0/0)80-6 15.33b 27.60ab 7.62bcd 26.35 26.24 26.39cd 11.72 20.18ab 86 41.0 611.5AVRDC 80-12 14.01b 23.30c 6.17cd 22.68 
1.31 85.5 024.85 25.15d 10.73 18.13bAVRDC 80-13 77 41.0 588.5 1.45 82.816.56b 25.30c 7.26bcd 25.30 28.58 25.34d 9.98 19.76ab 84 41.4 651.4 1.32 81.6AVRDC 80-32 16.11b 17.60d 1O.10abc 23.10 23.87 30.81bc 8.44 18.58bAVRDC 80-37 79 41.1 628.1 1.3014.86b 23.00c 10.79ab 81.526.38 29.99 34.19ab 6.56 20.82ab 89ASVEG No. 1 14.67b 41.3 685.7 1.42 80.731.10a 11.04a 28.58 31.60 37 OObc 10.05 23.43aMC8221 19.51a 29.00a 12.72a 25.35 

100 41.7 709.4 1.29 84.430.32 30.71bc 14.47 23.15a 99Win Wu 13.85b 13.00e 41.1 704.0 1.25 89.04.98d 27.18 21.24 33.94ab 14.14 18 33b 78 45.9 752.3 1.63 66.7 

LSD (0.05) 2.584 0.351 3.896 n.s. n.s. 4.735 n.s. 3.4377Dates sown: AVRDC, June 1 Tainan DAIS, May 7. Kaohsiung DAIS. June 29: Shanchung BS. July 20:DAIS. May 3 Date transplanted: AVRDC, 
Taoyuan DAIS. July 27: Taichung DAIS, July 30: HualienJune 19. Kaohsiung DAIS. July 16: Hualien DAIS, May 29. Dates harvested: AVRDC,June 25-29. Kaohsiung DAIS, Aug. 9-20: Shanchung BS. Sept. 27-Oci. 5: Taoyuan 

July 27-Aug. 3: Tainan DAIS,
DAIS. Oct. 2-13: Taichung DAIS, Oct. 3-15, Hualien DAIS, July 6. Meanseparation within cclumns by Duncan's multiple range test as 5, probability level. 
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Table 7. Locations, planting dates, and harvesting dates of the processing tomato regional yield 
trial at Taiwan, 1983 to 1984.
 

Location Season 
 Ccoperating Station Date Sown Date Planted Date Harvested 
•AVRDC Late summer AVRDC July 15 Aug. 4 Oct.20-Jan. 5Tungshish Late summer Tainan DAIS July 15 Aug. 9 Nov. 7-Jan.26Shuilin Late summer Tainan DAIS July 15 Aug. 5 Nov. 8-Jan.26AVRDC Autumn AVRDC Sept.15 Oct.15 Jan.16 - Mar. 9Tungshish Autumn Tainan DAIS Sept. 15 Oct.15 Jan.19-Mar.12
Shuilin Autumn Tainan DAIS Sept.15 Oct.12 Jan. 2-Mar.23AVRDC Winter AVRDC Nov. 15 Dec.15 Apr. 5-May 3Tungshih Winter Tainan DAIS Nov. 15 Dec.15 Apr.15-May 15
Shuilin Winter Tainan DAIS Nov. 

< 
15 Dec.15 Apr.26-May 15 

Table 8. Yields and horticultural characters of entries in the Taiwan processing tomato regional yie!d trials, late summer 1983 to 1984. z 

Yield (t/ha) 
AntDy Tainan DAIS IndexEntry AVRDC ---- mean Days to Fruit Soluble Titratable Hunter 

_______ DAISIdexp Maturity Size (g) pH Si(s Adty CorSolidsTungshih Shuilin maMut Acidity ColorSeg(q/o) (a/b)TM102 61.1cde 70.3abcd 42.9 58.1bc 115 143.8 74.0 4.18 5.07 0.380 2.62TM 103 83.2a 83.5ab 63.5 76.7a 152 129.8 57.3 4.19 4.58 0.366 2.57PT867  71.2abcd 55.0 63.1bc 125 141.7 66.1 4.24 4.53 0.415 2.54PT870 - 75.2abc 56.9 66.1 ab 131 124.9 65.2 4.23 4.88 0.475 2.56PT873 - 73.7abcd 43.3 58.5bc 116 137.8 70.1 4.33PT857 72 labc 4.94 0.373 2.4988.6a 51.6 70.8ab 141 131.7 73.2 4.20 4.93 0.341 2.56PT858 65.5bcd 73.2abcd 60.6 66.4ab 132 132.0 77.8 4.20 4.64 0.368 2.50PT862 66.4abcd 61.8bcd 51.5 59.9bc 119 134.9 78.9 4.24 5.34 0.342CL2815 49.9def 68.5abcd 54.1 57.5bc 114 
2.79 

148.0 60.1 4.20 4.55 0.413 2.57TK10 62.3cde 62.4bcd 48.4 57.7bc 153 140.7 75.6 4.15 5.01 0.481 2.59TK70 35.8f 52.2d 42.9 43.60 87 152.4 76.3
Tainan No. 2 46.5ef 54.5cd 4.26 5.45 0.461 2.62
50.3 30.4cd 100 152.0 63.7 4.23 4.78 0.387 2.88 

LSD (0.05) 15.3 18.761 n.s. 11.585 
ZMean separation within columns by Duncan's multiple range tes' at 5% probability level. 

http:2-Mar.23
http:Jan.19-Mar.12
http:8-Jan.26
http:7-Jan.26


Table 9. Yields and horticultural characters of entries in the Taiwan processing tomato regional yield trials, autumn 1983 to 1984. z 

Yield (u/ha)
 
Entry 
 Tainan DAIS Index Days to Fruit Soluble Titratable Hunter 

AVRDCTungshih Shuiln Matury Size (g) pH Solids Acidity Color 
______nmnaTM102 106.4 1292 

ry i g ('Brix) (o) (alb)1735 136.4a 128 131,5TM103 84.3 139.2 147.3 
625 4.29 5.44 0.447 2.501123.6abc 116 126.4 61.4PT857 89.7 126.2 1328 4.34 4.76 0399 2.507116.2bcd 109 1246 63.7PT870 100.9 130.9 158.0 129 9ab 

4.34 5.16 0.428 2.373122 130.8 650PT873 99.2 4.33 4.84 0.429 2.476124.6 156.4 126 7abc 119 129.5 70.0 4.35 5.18PT857 101.1 122.3 0.394 2.3111577 127.Oab 119 131.3 60.8 4.33 5.21PT858 0.457 2.52278 7 126 4 156 1 120.4abcd 113 1280PT862 759 4.34 5.17 0.450 2.59196.2 137.1 165 1 132.8ab 125 128 6 68.2 4.35CL2815 85.5 133.0 143,9 5.50 0.429 2.500120.8abcd 
 113 132.5 56.4 4.32
TK10 82.! 128.0 137.2 4.50 0.422 2.459115.8bcd 109 128.0 70.9TK70 4.26 4.7273.8 122.9 133.1 0.496 2.554109.9cd 103 134.4 67.2 4.29 4.92Tainan No. 2 0.452 2.429735 126.9 119.5 106.6d 100 132.9 67.1 4.47 5.09 0.332 2.585 

LSD (O.C5) n.s. n.s n.s. 14.910 
ZMean se ,arator W,'.' l Coi' .l. ,. Durcar ,, rTru!qLtle ranie te st at 5'- proDabity level. 

C-

Table 10. Yields and horticultural characters of entries in the Taiwan processing tomato regional yield trials, winter 1983 to 1984. z 

Yield Wtha)Entry 01iDDays to Soluble Titratable Hunter 2Entry Tainan DAISAVRDC - mean Index PH SoisucdiyCtoMaturity Size (g) PH Solids Acidity ColorTungshih S huilin (Brix) (0) (a/b)
TM102 40.Oabc 43.8 28.4d 37.7 135 137.1 64.1 4.36TM103 42.2ab 59.9 56.9a 53.0 

5.49 0.468 2.536189 128.3 64.9 4.28PT867 4.53 0.446 2.34645.3a 51.6 51.5ab 49.5 177 130.6 64.7PT870 44.7a 4.26 4.74 0.472 2.41258.0 21.7de 41.5 148 136.6 63,9 4.39PT873 34.1 abc 58.5 4.49 0.392 2.40348.5b 47.0 168 128.3 77.9 4.32 4.69PT857 0.407 2.46645.3a 56.3 22.Ode 41.2 147 137.4 658PT858 27.2c 46.7 
4.26 4.70 0.417 2.58248.8b 40.9 146 129.9 82.0 4.32PT862 34.6abc 49.7 40.6 ; 41.6 149 

5.32 0.367 2.413
129.3 78.8 4.13 5.25CL2815 26.9c 51.9 0.457 2.36622.2de 33.7 120 137.0 59.1 4.38 4.22TK 10 29.2bc 41.5 0.445 2.23737.Oc 35.9 128 130.7 75.7 4.37TK70 33.labc 46.4 25.5d 4.87 0.484 2.46635.0 125 137.2 69.0 4.40 5.58Tainan No. 2 31.2abc 36.3 16..4e 28.0 

0.513 2.306
100 139.6 71.1 4.34 5.14 0.430 2.697
 

LSD (0.05) 12.672 
 n.s. 6.898 n.s. 
ZMean separation within .columns by Duncan's multiple range test at 5%/o probability level. 

-
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Table 11. Mean 	yields of entries in three seasons of the processing tomato 
regional yield trials, Taiwan 1983 to 1984.
 

Entry 
 Yield (t/ha) Index 
late summer autumn winter mean 

TM 102 58.1 136.4 37.7 77.4 125TM103 
 76.7 123.6 53.0 84.4 137PT867 63.1 116.2 49.5 76.3 124PT870 
 66.1 129.9 41.5 79.2 121PT873 58.5 126.7 47.0 77.4 125PT857 70.8 127.0 41.2 79.7 129PT858 66.4 120.4 40.9 75.9 123PT862 
 59.9 132.8 41.6 78.1 127CL2815 57.5 120.8 33.7 70.7 115TKI1 57.7 115.8 35.9 69.8 113TK70 43.6 109.9 35.0 62.8 102Tainan No. 2 50.4 106.6 28.0 61.7 100 

LSD (0.05) 11.585 14.910 n.s. 11.548 

Table 12. Yields and horticultural characters of entries in the Taiwan 
frozen processing tomato observation trials in autumn 1983.' 

Yield (t!ha)
Entry Tainan DAIS Index DaysAVRDC 	 to Fruit SizeAin 
 mean 
 Maturity (g) 

PT912 
 71 la 42.8a 57.0 127 118 23.5PT913 77.8a 37.9a 57.9 129 
 118 23.7
L123 60.6a 16.2c 38.4 86 118 23.7L123 60.6a 16.2c 38.4 86 118 25.6L4128a 45.8b 17.6c 31.7 71 118 18.2 
CL1131.0 

-0-38-4-0 46.8b 22.5bc 34.7 78 119 14.5Known You 209 64.7a 24.8b 44.8 100 118 32.5Golden Citrus 10.1c 12.6d 11.4 25 120 16.4 

LDS (0.05) 16.713 6.590 

'Dale transplanted 

n.s.
 
AVRDC dept 1. 1983. Ainen, Sept 1:A 198.: Date harvested: AVRDC, Dec. 28,1983 to Jan 16. 191,1, Anlien, Nov 2,1. 1933 to Jan. 22, 198-, Mean -eparation within columns by

Duncan's; multiple range test at y, prohabihty level. 

Table 13. Yields and horlicultural characters of entries in the Taiwan fresh market 
tomato regional yield trial at Hualien DAIS in summer 	1984.' 

Entry (E/tay IndexIndex Days to Days to Fruit Size SolubleSolids(/ha) 	 Flowering Maturity (g)CL1430 99.5a 95 28 71 	 (0Brix)11:3 5.2 

CL1405 
 78.2b 75 29 
 71 80 
 4.5
CL4805 
 99.6a 95 29 71 109 5.1

CL4810 
 101.8a 97 29 
 75 169 5.3
CL5573 	 111 8a 
 107 27 
 71 170 5.0
CL557 1 97 6ab 93 27 
 74 122 4.7C331 
 t08.0a 103 29 
 71 114 4.9
TSS No. 1 	 104.8a 100 29 71 93 
 0.9
 
(check)
 

'Date ',Ovu April 23.. l. (fal!rar planted.. May 24, 11.01, date harvested: Aug. 3 to Sept. 25, 1984.Mean separahon CilU1ni, )Y Durncn'; multiple range lestwilahlll 
 af 5%,I,probabil;ly level. 
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Table 14. Yields and horticultural characters of entries in the Taiwan fresh 
market tomato regional yield trial at Puli BS in summer 1984.
 

Entry Yield Index Days to 
 Days to Fruit Size 
(t/ha) Flowering Maturity (g) 

CL1430 21.54 59 27 56 43.16
CL1405 44 75 122 27 56 76.81 
CL4805 28.82 79 30 56 53.62
CL4810 34.73 95 27 56 50.61 
CL5573 27.67 76 27 56 48.33 
CL5574 31.22 85 30 56 56.19
C325 27.66 76 24 56 49.80
C331 32.15 88 30 56 57.88 
C196 31.29 85 27 56 56.32 
TSS No. 1 36.63 100 30 56 65.93

zDate lransplanled: May 8. 1984; date harvested: June 3, 1984. 

Table 15. Yields and horticultural characters of entries in the Taiwan 
fresh market tomato regional yield trial at Sanchung BS in summer 1984! 

Entry Yield(_/ha)ft/ha)1st 

CL1430 32.6 78 
CL1405 37.1 88 
CL4805 36.0 86 
CL4810 39.9 95 
CL5573 42.5 101 
C331 40.4 96 
TSS No 1 42.0 100 

"Date so'.,.,rApril 3,1984, C-ile transplanted: May 16, 
Aug. 24, 1984. 

Days to Fruit
Harvest Size(g) 

62 76.2 
62 137.9 
62 112.5 
65 146.5 
62 137.5 
56 101.6 
59 123.8 

1984. date harvested: July 11 to 

Table 16. Yields and horticultural characters of entries in the Taiwan 
fresh market tomato regional yield trial at TSIPS summer 1984.? 

Entry 

C. 1130 

CL 1105 

CL4805 

CL4810 
CL5573 

CL5574 

C331 

C325 

C196 

TSS No. 1 

zDale.,own June 21, 1984, 

to Oct '0,1981 TSIPS -

Yield 


0.92 
0.82 

0 

0 

0.03 

0 


10.10 
13.07 
12.33 
8.57 

dale Irasinplanted July 15. 

Tawan Seed Improvemnent 

Index Fruit 
Size (g) 

11 56 
10 54 
0 0 
0 0 
0 128 
0 0 

118 121 
153 G5 
144 119 
100 115 
1984. date harvested: Sept. 12 

Station 
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Mungbean
 

Regional yield trial. In spring 1984, VC2764A topped 10 participating selections in 
the mungbean regional yield trial (MBRYT) conducted by AVRDC, with an average yield
10% higher than that of the local check Tainan No. 3 (Tables 17 and 18). The yields of the 
rest were lower than that of the check. 

District trial. In spring 1984, the mungbean district trial (MBSR) was conducted in 
Yichu, Sheichia, and AVRDC. VC2764A gave a higher (but not significant) average yield 
than the iocal check Tainan No. 3 (Table 19). 

In the summer 1984 trial conducted in five locations (AVRDC, Tainan, Taipao, Yenshui, 
and Sheichia), five promising "dull" lines and three "shiny" lines were tested. VC2530A (dull)
and VC2764A (shiny) 'wcr included from the spring trial. Table 20 shows that the local check 
Tainan No. 3 outyielded all entries. VC2768A and VC2764A (both shiny) and VCi 168B and 
VC2530C (both dull) gave comparable yields, however. 

Dull varieties with better eating qualities sell well in the Taiwan market. So, farmers 
demand dwarf, high-yielding varieties with uniform maturity and resistance to powde-y 
mildew. VCI168B and VC2530C nearly fit this description. 

Table 17. Locations, planting dates, and harvesting dates of the mungbean 
regional yield trials, Taiwan 1984. 

Location Season Cooperating Date Sown End of
Station Harvest 

AVRDC Spring AVRDC Marc, 5 June 21 
Yichu Spring Tainan DAIS March 30 June 25 
Sheichia Spring Tainan DAIS Feb. 27 May 17 
AVRDC Summer AVRDC July 13 Oct. 26 
Tainan Summer Tainan DAIS July 23 Sept. 30 
Taipao Summer Tainan DAIS July 16 Sept. 25 
Ye ishui Summer Tainan DAIS July 14 Sept. 14 
Sheichia Summer Tainan DAIS July 12 Sept. 24 

Table 18. Yields and agronomic characters of entries in the mungbean 
regional yield trial at AVRDC, spring 1984.1 

Yield Days to % of Days to 1000-SeedEntry (t/ha) Maturity 1st yield Flowering Wt (g) 

VC2764A 2.94a 99 37.8 56 56.8
 
VC2778A 2.45bc 48.5
97 55 59.2
 
VC2527A 2.09d 54.6
96 54 59.2
 
VC2565A 2.51bc 46.0
98 56 56.9
 
VC1562A 1.92d 41.4
98 54 58.8
 
VC2530C 2.38c 43.1
98 54 53.5
 
VC2523A 2.42bc 98 48.0 
 56 49.9
 
VC2719A 2.40c 100 34.6 55 53.2
 
Tainan No. 3 2.67b 97 55.6 55 58.1
 
VC3476 2.00d 97 52.7 54 48.3
 

LSD (0.05) 0.245 1.627 9.882 1.710 2.695 
'Date sown: I eb. 22, 1984, date harvested: May 16 to June 18, 1984. Mean scloaration within columns by
 
Duncan's multiple tange test at 5% probability level.
 



Table 19. Yields and agronomic characters of entries in the mungbean district trials, spring 1984. z 

Yield (t/ha)% 
-Yina Days to Days to 1000-SeedEntry Tainan DA!SAVRDC - S mean Index o sFlowering Maturity Of 1stYiu ShihaHarvest Wt (g) 

VC2527A 2.28a 0.95abc 0.96 1.40a 89 49 89 59 54.7VC2530C 2.17a 1.23a 1.04 1.48a 94 50 90 57
VC2565A 2.33a 1.20a 1.19 1.57a 100 
54.2
 

51 89 62 54.8VC2764A 2.55a 1.20a 1.21 1.65a 105 50 90 59 58.0VC2778A 2.44a 0.98ab 0.99 1.47a 94 50 88 67 61.4Tainan No.3 2.62a 0.89bc i.19 1.57a 100 50 88 66 54.6V5000 1.75b 0.67c 0.73 1.05b 67 51 91 54 45.8 ,-

LSD (0.05) 0.391 0.284 n. s.
 
Mean separation within columns by Duncan's multiple range test a 5%' probability Icvel. 
 r. 

0 

Table 20. Yie!ds and agronomic characters of entries in the mungbean district trials, summer 1984 .zi "0 

Yield (tlha)
EntnDISydx 
 Days to Days to 1000-SeedAVRDC nn meaTaia Flowering Maturity Harvst Wt (g)Tainan Taipao Yenshui She"chia mean
 

VC2530C 1.98bc 0.98 1.70a 1.10b 1.25abc 1.40 91 38.0 86.3 
 55.6 56.7 0 

VC2572A 2.11bc 1.00 1.58a 1.06b 1.19c 1.39 90 41.3 88.9 25.7 59.7
VC1647B 1.77c 1.29 1.30b 0.89c 1.42a 1.33 86 38.0 83.5 62.8 54.7BC1168B 2.38ab 1.18 1.31 b 1.04b 1.41 a 1.4b 95 40.7 88.3 50.5 57.3BCl000C 1.97bc 1.09 1.62a 1.03b 1.21 bc 1.38 90 38.0 88.0 51.2 59.7VC2768A 2.15abc 1.18 1.55a 1.24a 1.37abc 1.50 97 40.0 88.6 49.8 61.7BC2764A 2.37ab 0.98 1.53a 1.15ab 1.38ab 1.48 96 40 7 88.0 51.3 57.3Tainan No.3 2.54A 1.14 1.53a 1.16ab 1.31abc 1.54 100 41.3 88.5 50.1 56.3 

LSD (0.05) 0.379 n.s. 0.163 0.118 0.164 1.208 n.s. n.s. 0.368ZMean separation within columns by Duncan's multiple range test at 5% probability level. 
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Vegetable Soybean 

Regional yield trials (1983). The 1983 vegetable soybean regional yield trials
(VSBRYT) were conducted in seven locations in spring, one location in summer and six
locations in autumn (Table 21). Eight AVRDC promising lines were tested against two local 
cultivars, Tainung 205 and Ryokkoh.

In the spring trial, AGS190 outyicldecd all entries with the best average in seven locations,
but no significant diffcrences in yield were observed among all participating selections. In 
terms o-f maturity date, local check Tainting 205 was the earliest (Table 22).

In tile summer trial at Puli, check variety Taitung 205 was the best yielder and AGS190
and AGS191, the latest to mature (Table 23). In tile autumn trial, most of the selections were
harvested within 69-75 days after planting. Again local check Tainung 205 outyielded all others,
followed by AGS188, AGSt,90, and AGS191 with all average yield of 11.5 t/ha (Table 24).

[able 25 shows Ohe overall analysis of the three-season trials in 1983. Although Tainung
205 outyiClded all entries, its yield was not significantly different from those of AGS186,
AGS188, and A(GS189. A uniform and early maiurity date was observed for all participating 
selections in the :intunin trial. 

All tile tested .imnplcs had been sent to processing factories for marketing, first in May
9 and 16 and second, in Nov. 22 znd 24, 19 3. According to the product analysis report
of Jen-Shine Factory, si\ scle,'ted linec:, ASI84 to AGS189, were rejected by client exporters
because they had small secds ;ald pods. On the other hand, AGS190 with good yield, larger
seeds and pocs, better taste, and greener (though frozen) color matched the demand of
factories. Thus, A VRDC provided 20 kg of AGS190 seeds to .Jei-Shine factory for further
observation. In summer 1984, AVRIDC encouraged some farmer-cooperators to multiply
AGS190 sceds for further olbservation and demonstration ri als by the processors.

A field day on May 2, 1983 was held at AVIRI), to demonstrate the performance of 
new selections. There were 42 participants from the Con cil of Agricultire, Planning
Development of Agricultural and Forestry, Taiwan Agricultiural Research Institute, Provincial
Farmers' \ssoci~ition, l)istrict Agricultural Improvement Station and the processing plant.
All of them hoped that a betler vaiet y be developed to replace declining Tain1ung 205 which 
already had high ii nquNaliftied podding rate, more pods with less ihan two seeds, and more 
two-seeded pod: not well filled. 

1egiomal yield Irials (1984). Continued in !984, VSBRTYT was conducted at six
locations in spring, tour locations ill summer, and three locations ili autu ni (Table 26). In
tle spring trial, A(iS 186 gave an average yield 15/oV higher than that of check Tainting 205.
Maturity dates \ere no t sigtificantly different aniong the testcd lines (Table 27).

It tlie sunitnli trial, tile differences in yield among lines were Isigni ficant. However,
AGS184 matured the earliest at 94.5 days after planting (Table 2,S). In the fall trial, all entries
 
yielded below 10 t/ia, with AGS191 yielding 12% higher than Tainting 205 (Table 29). AGS187
 
and Tainting 205 matured tle earliest 
 at 68 days after planting.

Pooling all tile Ihreen ials conducnte in 13 locations together, AGS 186 topped with 
an average yield 51"1) higher ihan that of the local check, but differences anong all entries 
were not signifiimit, AGSI87 mattred earliest (Table 30). 

Soybean
 

Regional vield trial. The spring soybean regional trial (SBRYT) was conducted in
Chiyang, Yenpu, and .,\V, DC it, test 12 promii.-,,g Iiic from TARI, Hualien DAIS,
Kaohsiung DAIS, National Chung Hlsiung University, alicd AVRIDC. Table 31 shows check
KS8, with the highest yield of 3.08 t/ha, followed by KS1264 and TARI 4. In (lie summer
trial conducted at AVRI)C, AGSI29 yielded 27% higher than the check, followed by TARI 
4 with 2.92 t/ha (Table 32). 



Table 21. Locations. planting dates, and harvest dates of the vegetable Table 23. Yields and horticultural characterssoybean regional yield trial, Taiwan 1983. of entries in the Tawan vegetable soybean

Location Season Cooperating Station Date Planted Date Harvested regional yield 
 trial at Puli (Taichung DAIS),AVRDC Spring AVRDC Feb. 9 May 2-Puli 16Taichung DAIS Mar Sumer 1983.10 May 31 - Jun.22H o l 'E Y eld Days to 100 Seedntry ,IndexHouli Apr. 12 Jun.27 - Aug.10
Fengyuan Maturity Wt(g)Apr i9 July 8- 21 AGS184Tungshih Tainan DAIS 847 73.8 90 51.8Mar. 3 May 25-Jun. 7 AGS185 7.76 676Yenpu Kaohsiung 76 67.4DAIS Feb. 7 Apr.30-May 5 AGS186 846 737 76Meilong " 48.7Feb. 7 Apr.28 - May 5 AGS187 9.07
Puli Summer Taichung DAIS Sept.13 

79 0 70 63.2

Nov. 17-29 AGS188 9 53 83 0AVRDC Autumn AVRDC 74 73.7Oct. 8 Dec.19-26 AGS189 10.60 923 74Hoult Taichung DAIS Sept 3 Nov.15 58.7 

AGS190 753 65.6 91Fengyuan 61.7 >
Aug. 29 Nov. 3- 16 AGS191 767 66.8 91 60.8Peikang Tainan DAIS Sept 3 Nov.10- 14 Tainung 205 11 48 100.0 70
Likanq Kaohsiung DAIS 76.7
Oct 3 De" . 8-19 Ryokkoh 8 19 71.3Meiong 76 94.9Oct. 8 Dec.19 -26 LSD 1 795 5.60 , 

Table 22. Yields and horticultural characters of entries in the Taiwan vegetabie soybean regional yield trials, spring 198 3 .z 
_e ld (tiha )

Entry "1 
AVRDC Taichung D A ISTacunnaydoe0-Se Tainan DA IS Kaohsiung DAIS Indoex Mat ymean 
 " Puli Houli Fengyuan Tungshih 

SHouli pu 
ong mean Maturity W (g)AGS 184 6.85c 3.08f 14.1 Oabcd ~~~~~~~~~~~YenMen ___________________- 8.70c 5 55d 7.46cd 7.62 75.7 86.8 43.7AGS185 7.l3bc 3 75el 16.59ab 6.82 11 28ab 4 67d 5.45d 7.96 79.1 85.0
AGS186 10 50a 4.13def 16.76ab 10.64 46.2


8.65c 7.88bc 11 06ab 9.95 98.8 89.8AGS187 46.37.35bc 5.67bcdei  8.89 10.58b 7.88bc 848c 8.14 80.8 80.6 52.4AGS188 10.!Sa 4.64cdef 13.52abcd 6.84 11.88ab 6.79c 10 89ab 9.24 91.8AGS189 8.28b 82.8 66.26.15bcde 8.71d 7.92 10.83ab 7.81bc 6.72cd 8.06 80.0AGS190 80.5 54.410.28a 6.79abcd 19.15a  8.78c 7.22c 8.79bc 10.17 101.0 98.4AGS191 51.710.25a 7.01abc 15.25abc - 8.28c 7.34c 8.38c 9.42 93.6 98.0 46.9Tainung 205 9.93a 7.55ab 11.46bcd 6.62 12.63a 9.96a 12.32a 10.07 100.0Ryokkoh 8.35b 79.8 64.28.83a 9.70cd 11.86 12.25ab 8.89ab 8.07c 9.71 96.4 81.0 76.6 

LSD (0.05) 1.17 2.41 n.s. 1.78 1.22 2.13 n.s. 
Mean separation withn columns by Duncan's multio1e range test at 5%'- orobabhity level. 



00 
Table 24. Yields and horticultural characters of entries in the Taiwan vegetable soybean regional yield trials, autumn 1983.z 

Yield (t/ha) 
Entry Taichung DAIS Tainun DAIS Kaohsiung Dais 

AVRDC 
Houli Fengyuan .... Likang Meilong

AGS184 9.68a ... 
AGS185 7.60de 12.65c 11.90c 10.39c 5.79cd 6.45b 
AGS186 8.83bc 13.65bc 12.03c 13.54a 11.08a 7.47b 
AGS187 7.15e 11.80c 14.20bc 11.02bc 4.28e 2.46c 
AGS188 8.28cd 14.90abc 15.63bc 12.40abc 9.66ab 8.42b 
AGS189 8.68bc 17.58ab 16.95b 12.29abc 4.51de 6.90b 
AGS190 9.68a 15.38abc 14.1Bbc 13.85a b.98b 7.02b 
AGS191 9.45ab 14.55bc 17.75b 10.49bc 9.22b 7.65b 
Tainung 205 9.80a 17.13ab 22.13a 12.94ab 10.l1ab 8.11bRyokkoh 9.43ab 18.83a 13.85bc 12.37abc 6.90c 10.40a 
LSD (0.05) 0.75 3.692 3.807 2.214 1.397 1.979 
Mean separation within columns by Duncan's multiple range test at 5 -a probability level. 

mean____mean 
968bcd 
9.63cd 

11.10abc 
8.49d 

11.55ab 
11.15abc 
11.50ab 
11.52ab 

13.37a 
11.96ab 
2.090 

Index 

72.4 
72.0 
83.0 
63.5 
86.4 
83.4 
86.2 
86.2 

100.0 
89.5 

Days to 
Maturity_Maturity 

69.0 
71.8 
75.0 
69.7 
72.3 
74.0 
74.0 
73.3 

70.7 
72.5 

100-Seed 
Wt (g)_____Wt (g) 
61.3 
69.7 
53.6 
62.9 
73.6 
55.7 
66.0 
69.4 

80.0 
98.9 

1= 
E 

Table 25. 
Entry 

AGS184 
AGS185 
AGS186 
AGS187 
AGS188 
AGS189 
AGS190 
AGS191 
Tainung 205 
Ryokkoh 

Yields and 

spring 

7.62 
7.96 
9.95 
8.14 
9.24 
8.06 

10.17 
9.42 

10.07 
9.71 

horticultural characters of entries 
Yield (t/ha) 

summer autumn mean 

8.47 9.68 8.59b 
7.76 9.63 8.45b 
8.46 11.10 9.84ab 
9.07 8.47 8.57b 
9.53 11.55 10.1lab 

10.60 11.15 9.94ab 
7.53 11.52 9.74b 
7.67 11.52 9.54b 

11.48 13.3' 11.64a 
8.19 11.96 9.95ab 

in the Taiwan 

73.8 
72.6 
84.5 
73.6 
86.9 
85.4 
83.7 
82.0 

100.0 
85.5 

vegetable soybean regional yeld trials, 1983.z 
Days to Maturity 

spring summer autumn mean 

87 90 69 81.9 
85 76 72 77.6 
90 76 75 80.3 
80 70 70 73.3 
83 74 72 76.4 
81 74 74 76.2 
98 91 74 87.8 
98 91 73 87.4 
80 70 71 73.5 
81 76 73 76.5 

100-Seed 

Wt (g) 

52.3 
61.1 
49.5 
59.5 
71.2 
56.3 
59.8 
59.0 
73.6 
90.1 

-

LSD (0.05) n.s. 
ZMean separation within columns 

1.795 2.090 
by Duncan's multiple range test 

1.678 
at 5% probability level. 



Table 26. Locations, planting dates and harvesting dates of the vegetable 
soybean regional yield trials, Taiwan 1984. 

Location Season Cooperating Station Date Planted Date Harvested
AVRDC Spring AVRDC Jan. 27 May 1- 14Houli Taichung DAIS Mar. 29 July 16-16Fengyuan 
 ,

Peikana Mar. 25 May 26-June 11Tainan DAIS Feb. 10 May 11 - 17Kaoshu Kaohsiung DAIS Feb. 13 May3- 5Yenpu 
 " 
 Jaa. 26 Apr. 13-May 4AVRDC Summer AVRDC July 13 Oct. 12-31Houli Taichung DAIS July 22 Oct. 4-16Fengyuan 
 .
 July 7 Sept.20-Oct. 6Peikang Tainan DAIS June 22 Aug. 3 0-Sept.17AVRDC Autumn AVRDC Sept.13 Nov. 20-Nov. 29Peikang Tainan DAIS Sept.18 Nov. 21 -Nov. 23Kaoshu Kaohsiung DAIS Oct. 5 

fb 

Table 27. Yields and horticultural characters of entries in the Taiwan vegetable soybean regional yield trials, spring 1984.z 
Yield (t/ha)Entry 

AVRDC Tainan DAIS Taichung DAIS Kaohsiung DAIS Index D 
0 

Peikang Fengyuan Houli Days to 100-SeedYenpu KaoshuAGS184 Maturity13.4a 11.3d Wt(g)16.3a 6.3d 8.8cAGS185 8.3d 10.73bc5.9e 10.1e 16.Oa 11.4c 89 94.5 ': 1 "0
AGS186 4.Oe 8.7cd 9.35c12.labc 14.4a 17.2a 77 90.5 60.316.4a 10.8bAGS187 10.7bcd 12.6bc 12.4a 13.88a 115 98.0 C, 310.6b 10.3c 11.5abAGS188 9.6bcd 10.88bc12.Oabc 12.7b 14.3a 90 93.0 65.511.1c 11.9aAGS189 10.5abcd 12.10ab 1008.5d 11.9cd 95.7 73.410.1b 12.6bc 8.8cAGS190 11.9ab 10.63bc12.6ab 12.9b 88 92.8 61.815.Oa -AGS191 9.8cd 12.1 bcd 

5.7d 11.2abc 11.48abc 95 95.4 63.914.3aTainung 205 - 5.4d 10.2abcd 10.36bc12.1abc 12.8 b 86 95.014.1a 12.1bc 9.7c 64.6 
Ryokkoh 11.7ab 12.08ab10.6bcd 11.4d 100 92.0 71.514.7a 
 14.Ob 11.4ab 9.8abcd 1.98abc 99 92.8 87.4
 
LSD (0.05) 2.186 0.788 2.830 2.319 
 0.885 2.424zMean separation within columns 2.320by Duncan's multiple range test at 5% probability level. 

http:30-Sept.17


Table 28. Yields and horticultural characters of entries in ihe Taiwan vegetable suybean regional yieid trials, summer 1984.z 
Yield (t/ha) Days to 100-SeedEntry AVRDC Tainan DAIS Taichung DAiS - -m a Index to (g)maeny 


__VRDC___ _Peiknig Fengyuan Houli 
AGS184 13.8b 11.3cd 22.8a 10.3 14.6 107 94.5 47.5 
AGS185 11Oe 14.8a 14.8bcd 11.7 13.1 96 81.8 56.3
AGS186 12.0cd 10.9d 16.5bc 13 3 13.2 97 85.5 47.8
AGS187 9.9e 11 3cd 13.Ocd 3.8 10.8 79 78.0 56.4
AGS188 13.4b 10.2d 11.3d 13.9 12.2 90 78.5 68.5 
AGS189 11.2d 12.8bc 12.8cd 11.5 12.1 89 77.3 63.9 
AGS190 13.Obc 10.1d 16.2bc 11.1 12.6 93 92.0 55.0
AGS191 15.2a 10.1d 17.4b 11 6 13.6 100 92.0 54.8 
Tainung 205 13.6b 13.5ab 14.6bcd 12.6 13.6 100 82.0 70.0 
Ryokkoh 10.7de 10.6d 11.8d 11.4 11.1 82 78.0 72.5 

LSD (0.05) 1.248 1.445 3.387 n.s. n.s. 
ZMean separa!;o wvihin columns by Duncan's multiple range test at 5-' probabity lev-l. 

Table 29. Yields and horticultural characters of entries in the Taiwan vegetable soybean regional yield trials, autumn 1984.z 

Yield (t/ha) 
Entry Tainan DAIS Kaohsiung DAIS Index Days to 100-SeedAVRDC Pekn ahumean Maturity 11A (g) 

Peikang Kaohsu ma
 
AGS184 
 7.6b 5.1 c 7.5bc 6.7ab 86 70.0 54.7 
AGS185 7.4b 5.6bc 9.Oa 7.3ab 94 68.3 57.3 
AGS186 7.8b 8.2a 8.9a 8.3a 106 75.0 53.0 
AGS187 6.Oc 4.5c 7.3c 5.9c 76 68.0 57.7 
AGS188 8.Ob 6.lbc 9.2a 7.8ab i00 72.3 63.7 
AGS189 7.8b 6.2bc 8.6ab 7.5ab 96 69.7 52.7 
AGS190 9.5a 6.Obc 8.7a 8.lab 104 73.3 58.7 
AGS191 9.Oa 8.4a 8.6a 8.7a 112 72.3 57.3 
Tainung 205 7.8b 7.2ab 8.3abc 7.8ab 100 68.0 67.3 
Ryokkoh 7.8b 5.7bc 9.Oa 7.5ab 96 69.0 74.3 

LSD (0.05) 0.923 1.549 1.354 !.243 4.552 7.747 
LSD (0.01) 1.246 2.091 n.s. n.s. n.s. 10.612 

z.Mean separation within columns by Duncan's multiple range test at 5% probability level. 



Table 30. Yields and hortirultural characters of entries in the Taiwan vegetable soybean 
regional yield trials in 1984.z

Entry Yield (tha)as to 100-Seed
spring summer autumn meanAGS184 Maturity Wt (g)10.7b : 14.6 6.7ab 10.7AGS185 96 86.3 52.49.4c 13.1 7.3ab 9.9 88 80.2AGS186 58.213.9a 13.2 8.3a 11.8 105AGS187 86.210.9bc 10.8 5.9c 52.4

9.2 82AGS188 79.7 59.912.lab 12.2 7.8ab 10.7 96AGS189 82.2 68.510.6bc 12.1 7.5ab 10.-1AGS190 11.5abc 
90 79.9 59.512.6 8.lab 10.7AGS191 96 86.9 59.210.4bc 13.6 9.7a 10.9Tainung 205 12.1ab 97 86.4 58.913.6 7.Sab 11.2 100Ryokkoh 12.Oabc 80.7 69.611.1 7.5ab 10.2 91 79.9 78.1zMean separation wthn columns by Duncan's multiple range test at 5q,o probability level. 

'0
 
Table 31. Yields and agronomic characters of entries in the Taiwan soybean regional yield trials, spring 1984. z 

Yield (t/ha)
 
EntryAVRDC 
 Kaohsiung DAIS 

Chian Index Days to 100-Seed Proteinmean Oil
AGS129 Maturity3.62abc 1.94 Wt (g) (0/0)2.61 2.72 (0k) " AGS157 1153.04d 2.37 2.58 

88 20.0 39.2 23.6 -AGS133 86 1203.55bc 2.37 2.59 
2.66 

20.2 39.4 22.72.84
TARI4 92 ill3.71 ab 2.36 2.67 22.8 43.4 20.62.91TAR15 943.50bc 117 22.4 41.52.33 2.55 22.4
Hualien 69-7 91 1203.60abc 2.42 

2.79 
23.4 46.62.50 19.52.84Hualien 70.40 92 1103.49bc 21.3 43.72.34 2.56 21.7 

3.40c 2.27 2.49 
2.80 

22.9 41.6 23.6
RM 178 91 117 

2.72
KS1264 88 109
3.66ab 2.47 2.70 19.8 43.8 22.82.94
KS1266 95 116
3.83a 26.1 44.0
2.15 2.30 20.3
2.76 
 90
KS8 113
3.83a 2.62 22.3 41.2
2.80 20.6
3.08 
 100
R50 117
3.18d 27.5 42.6
2.19 2.40 20.5
2.59 
 84 
 119 
 19.0 
 44.2 
 21.9
 
LSD (0.05) 
 0.224 
 0.210 
 0.224
zDale sown: AVRDC.Jan. 26: Chiyang. Jan. 28: Yenpu, Jan. 26. Date harvested: AVRDC.May 22 to June 4;Chiyang, June 13 to 25: Yenpu,June 12 to 23.Mean
separation within columns by Duncan's multiple range test at 5% 
probability level.
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)istrict trial. The soybean district trial (SBDT) conducted in AVRDC and in 
Kaohsiung DAIS, used four improved lines. These lines were tested in AVRDC against the 
local checks, KS8 and AGS58, which performed well in the 1983 SBDT. In the four regions 
of Kaohsiung DAIS, the same lines were tested against KS8 and KS955. 

In the spring trial at AVRDC, the check AGS58 was judged the best, There were no 
significant differences in yield atnong all the other lines (Table 33). In the Kaohsiung DAIS 
area, KS8 with an average yield of 2.61 t/ha, was considered the best yielder (Table 34). In 
the summer irial at AVRDC, all the test lines performed better in terms of yield than the 
local checks, with AGS 129 yielding 52% higher than the check (Table 35). 

In summer 1984, AGS66 was planted in 20 ha at Tungshih and Yichu where it gave 
an average yield of 3.4 t/ha which was I t/ha higher than that of the local cultivar HI5. 
Thus, in autumn 1984 PDAF provided the Yichu farmers with 1200 kg of AGS56 seeds for 
the 1985 spring planting. 

Table 32. Yields and agronomic characte-s of entries in the Taiwan 
soybean regional yield trial in AVRDC, summer 1984.z 

Yield 	 Days to 100-seed Protein Oil 
(t/ha) Maturity Wt(g) (/0) (/) 

AGS129 3.38a 127 100 17.2 41.2 23,3 
AGS157 2.33g 87 107 16.9 41.7 22.0 
AGS133 2.38ef 89 92 15.8 42.5 21.6 
TARI4 2.92b 109 95 17.0 43.7 22.0 
TARI5 2.86bc 107 97 17.7 44.1 21.4 
Hualien 69-7 2.50efg 94 92 19.3 42.9 22.2 
Hualien 70-40 2.76bcd 103 98 16.9 43.6 22.5 
RM178 2.45efg 92 95 18.2 A3.0 22.5 
KS1264 2.78bcd 104 98 20.1 45.8 19.9 
KS1266 2.58def 97 97 17.8 42.3 21.6 
KS8 2.67cde 100 103 22.6 45.5 19.7 
R50 2.68cde 100 97 16.7 44.6 20.8 

LSD (0.05) 0.215 2.705 1.192 1.806 0.993 
'Date sown: July 12, 1984 date harvested: Oct. 9 to 17, 1984. Mean separation within column", by 
Duncan's multiple range test at 5% probability level. 

Table 33. 	 Yields and agronomic characters o! Pntries in the Taiwan 
soybean cistrict trial at AVRDC, spring 1984/ 

Yield Days to 100-Seed Protein Oil
 
Entry (t/ha) Maturity Wt(g) (0/0) (N)
 
AGS129 3.1Ob 125 24.9 39.88 23.52
 
KS1058 3.17b 124 27.8 40.52 21.28
 
TARI3 3.21b 123 28.4 45.56 19.92
 
Hualien 76-56 3.17b 125 35.9 44.95 20.37
 
KS8 3.25b 14 29.2 40.41 19.66
 
AGS58 3.42a 124 28.1 40.13 20.10
 

LSD (0.05) 0.148 n.s. 2.058
 
'Date sown: Jan. 26, 1984; date harvesled: May 29 to June 1, 1984. Mean separation within columns by
 
Duncan's mulliple range test at 5% probability level
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Table 34. Yields and agronomic characters of entries in the Taiwan soybean district
 
trials, at Kaohsiung DAIS, spring 1984.z
 

Yield_(tiha) ___
YildDA ndx Days to 100-SeedEntry Kaohsiung DAIS Index Maturity Wt (g) 
Kaohsu Chiyang Wanlong Yenpu 

AGS1 29 1.96 1.26 2.55 3.20 2.24 86 110 20.3 
KS1058 2.22 1.51 3.01 2.93 2.42 93 110 23.4 
TARI3 1.83 1.23 3.24 2.93 2.31 89 116 23.5 
Hualien76-56 2.12 1.60 2.93 2.87 2.38 91 114 20.7 
KS8 2.61 1.49 3.21 3.11 2.61 100 109 30.1 
KS955 2.26 1.53 2.91 3.06 2.44 94 110 22.4 

LSD (0.05) 0.209 n.s. n.s. 0.119 
zDate sown: Kaohsu, Feb. 13, Chiyang, Jan 28; Wanlong, Jan. 30; Yenpu. Jan. 26. Date harvested: 
Kaohsu. June 2 to 6; Chiyang, May 17 to 2!. Wanlong, May 16 to 21; Yenpu, May 14 to 17. 

Table 35. Yields and agronomic characters of entries in the Taiwan soybean district trial 
at AVRDC, summer 1984. 

Entry Yield (t/ha) Index Days to Maturity 100-Seed Wt (g) Protein (%) Oil (%) 
AGS129 3.49a 152 99 17.7 41.7 22.8 
KS1058 2.69b 117 96 19.6 40.8 21.8 
TARI3 2.48bc 108 98 18.8 43.3 22.1 
Hualien 76-56 2.49bc 108 98 19.9 42.9 20.9 
AGS58 2.30c 100 98 18.3 42.0 20.9 
KS8 2.30c 100 102 22.3 14.7 19.4 

LSD (0.05) 0.253 n.s. 1.158 n.s. n.s. 
'Date sown. July 13, 198,1: dale harvested. Oct. 16 to 22, 1984. Mean separation within columns by 
Duncan's multiple range test at 5% probability level. 



Genetic Resources and Seed Unit 

The Status of the AVRDC Germplasm Collection 

The gernplasin collection maintained at AVkDC's Genetic Resources Unit is sum
marized in Fable 1.The status of germplasm characterization is summarized in Table 2. 

Table 1 AVRDC germplasn collection in 1984. 

Temporary Suspected 
Crop Accessions Missing Available Numbered 

DuplicatesAccessions 
AVRDC Mandate Crops 
Soybean 10,544 1,180 z 9,364 1,786 2,111 (9,034)y 
Mungbean 5,112 165 4,944X 152 985 (5,112) 
Tomato 5,350 138 5,212 91 40 (4,743) 
Sweet potato 1,200 31 1,180 0 9 (1,200) 
Chinese cabbage 822 42 780 14 -

Total 23,028 1,556 21,477 2,043 3,145 (20,089) 

Other Crops
 
Amaranth 86
 
Adzukibean 125
 
Rice bean 72
 
Black gram 158
 

Total 441 
'Includes 260 accessions which had only one to four seeds each that tailed to germinate when regenerated 
in the 3r0oenouS, In 1983 YFigues In parentheses indicate the total number ot accession., from 
which the StSpetCtet( daplicatle ; ,,erCOUnfd '5ix accessions are also included in the Vigna mungo 
(.oiiecl,on 

Table 2. Status ol germplasm characterization. 

Crop 	 Status
 
Tomato 4,708 accessions completed with nine characters; other accessions and 

characters to be added. 
Sweet potato Above-ground vegetative characters completed; flower characters 

completed forthose that flowered; root characters to be done. 
Chinese cabbage 23 accessions completed; 130 with vegetative characters and 40 with 

reproductive characters. 
Mungbean 	 First half of the coliection completed with 35 characters; seccid half 

with 18 characters (see "Characterization and Conservation of the World 
Mungbean Collection"). 

Soybean Non-USDA accessions (2,672 accessions) completed (see Soybean 
Breeder's Report). 

Black gram Completed. 
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Germplasm Seed Inventory and Regeneration 
A total of 28,620 seed lots were weighed. A summary of the seed stock is shown in

Table 3. The 202 accessions of soybean with less than 30 g of seeds, 177 accessions of mungbeanwith less than 50 g, and 41 acces,;ions of tomato with less than 5 g were regenerated immediately 
in the foil. 

A summary of the germplasm planted in 1984 is shown in Table 4. In the coming year,
accessions with poor germination will be identified for regejliciaiuii. This is important in order 
to avoid loss of within-accession variants and to prevent unwanted mutation. Inventory data
will be computerized co include date of regencration, regeneration cycle, seed stock, store 
position, seed germination, seed moisture, seed monitoring, test results, etc. This will avoid
the depletion of stock to a dangerous level, low seed viability, and excessive amount of seed 
in store. 

Table 3. A summary of germplasm seed inventory in 1984. 
Soybean Mungbean Tomato C.Cabbage 

Wt No. of W1 No. of Wt No. of 	 Wt No. of(g) Acc. (g) Acc. (g) Acc. (g) Ace. 
<30 234 20 	 ...
30 5 
 41 -1 149
 

30-100 182 20-50 147 5-15 672 1-5 114 
100-200 838 50-100 183 15-30 1818 5-10 134
 
200-300 2780 1)0-200 1263 
 30-50 1702 	 10-50 106
 
300-450 4146 200-350 2127 
 50-70 345 	 50-100 27

'-450 1184 .350 
 1197 70-100 282 100-500 55
 

1180' 
 165' ,100 	 320 i.500 195
 
138z 
 42z


Total 10544 5112 	 5318 
 822
 
zMissing accessions 

Table 4. Germplasm planted in 1984. 

Spring Summer Fall Total 
Crop 	 area area area areaacc. (ha) acc. (ha) acc. (ha) acc. (ha) 

Soybean 2897' 0.70 - - 28971 0.70 5794 1.40 
... 
 164 0.10 164 0.10
 

Mungbaan 7640Y 2.10 	 -	 3750Y 1.95 11390 4.05
Tomato -  38 0.10 38 0.10
C. cabbage 52' 0.20 861 0.40 127' 0.50 265 1.10 

- - - 84" 0.50 84 0.50S. potato 1370 1.80 -  1200 1.60 2570 3.40 
Rice bean - - 27 pots - - 27 -
Total 11959 1134.80 0.40 
 8260 5.45 20332 10.65
 
'letter of Agreement. PR 3/11 IBPGR Information-Characterization. Documentation and Conservation ofSoybean Collection by the breeder YLettei of Agreement: PR 3/11 IBPGR Information.Characterization 

and Conservation of World Mungbean Collection 'Letter of Agreement: PR 3/11 IBPGR Trbining-IBPGR
Internship. WLeller of Agreement PR 3/11 IBPGR Cticiers-Multpication and Characterization of Chinese 
Cabbage Gerioplasm (Phase Il) 

Seed Distribution 

GRSU continued to supply germplasin materials to scientists at AVRDC and elsewhere,
provide plant quarantine services, and ship seeds and plant materials to various countries
(Table 5). Of the 27,357 items shipped out, most were breeding lines and improved lines for
international testing (Table 6). A total of 6,336 lines 	were issued to AVRDC scientists (Table
7). The distribution of soybean, mungbean, tomato, Chinese cabbage, and sweet potato
between 1973 and 1984 is summarized in Table 8. 
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In order to improve our services, as well as increase cost efficiency, questionnaires are
being sent to our cooperators to evaluate our packaging, system and to understand their
quarantine requirements more. Some of the questionnaires have already been received at GRSU. 

Table 5. External seed distribution in 1984 (germplasm and breeding lines). 

Country 5 AVRDC Seed Packet____--Totalcrops other crops 

Indonesia 2.527 16 2,543
Philippines 2,376 13 2,389 
Pakistan 1,392 25 1,417
USA 1,281 100 1,381
Taailand 1,255 8 1,263 
India 1,213 13 1,226
Malaysia 696 43 739 
Korea 572 61 633 
Taiwan 497 11 508 
South Africa 502 0 502 
Others' 8,261 159 8,420
Total (107) 20,572 449 21,021
 

'nclhclry, 97 counrite,; n d territories
 
Anguilla I laiind,. Ant,(qua Argentina. Ausrt raia, Bahamas, Bangladesh, Barbados, Belgiun Belize, Bolivia,

Bots/,'mna Ba.d Br,;jiet Cambodia,
Burma, Cameroon, Canada, Caroline Islands, China (Mainland),
ColomL.I, Comoroi Co ny Cook Islands. Costa Rica, Cyprus, Denmark Dominican Rep Egypt, Elice

I;lands DI S;lv,idor [n(ijinl [tliopia Fiji Islands, France Gambia, 
 Ghana, Gtadelouje, Guam,

Guatemali Guyana. ,ut Htl llarid,i onld,,ra Ira, 
 Itlaly Jarniaica, Japan Jordan, Kenya,.Kiribati, Lesotho,

Lljcrit Mulai.., Mariniw;i Islairi!; Miiiitii, Martinique Jsl;iidJ;, Meico Morocco 
 Nepal. New Zealand,
Nicaraqua IIt l Gnan 1a n a;;i. Papua rv,,Guiiea, Paraguay, Peru, Puerto Rico, Qatar, Reunion,
 
Sano-a (W) Said Arabia S.nfmgjal S cyhele ,*. S iera Lrone Singapore, Solonion Islands, Sri Lanka, SI.
 
Kiltsi & No~vs. St Luca Sudfan Simnan ,ni,'a,'il;ol Swv,er';ind. [ahit, Tanzania, rinidad & Tobago,

TuniFlenne [urkey ]uvlii LJppirr Voil! Uiriua, Venn.'uela, Virgin Islands, Yemen, Zambia and
 
Zinbabwe
 

Table 6. Seeds distributed in 1984. 

Seed Packet
Crop Name.....---- Totalinternal external 
Soybean 2,736 7,254 9,990 
Mungbean 2,287 3,665 5,952 
Tomato 426 7,052 7,478 
Chinese cabbage 400 1,769 2,169
Sweet potato 486 832 1,318 
Amaranth 0 86 86
 
Winged bean 0 
 31 31
 
Black gram 0 25 25 
Others 1 307 308
 
Total 6,336 21,021 27,357 

Table 7. Internal seed distribution in 1984 (germplasm materials only)'. 
Department SB MB CC TT SP Others Total
 

Plant Breeding 259 1126 16 19 
 2 0 1,422
Entomology 2308 1068 246 27 484 0 4,133
Pathology 153 93 124 231 0 1 602

Physiology 0 0 3 
 91 0 0 94
 
Soil Microbiology 16 0 0 
 0 0 0 16 
OthersY 0 0 11 58 00 69
Total 2736 2287 400 426 486 1 6,336 

'SB- ;oybean. MIli mCiilair (C (Aiin n e cabbage. TT -: tornato. SP sweet potato. YIncluding
Soil Sctrir;. Cop M;mar(lornmt Tr iiniriq and Developrmernt. 
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Table 8. Summary of external seed distribution by year and crop from 1973 to 1984. 
Year Soybean Mungbean Tomato Chinese Sweet Others Total 

Cabbage Potato 
1973
1976 10,860 7,220 4,365 631 769 5,030 28,875 (77)z 

1977 4,512 4,585 1,954 706 162 1,977 13,896 ((,2) 
1978 6,555 6,245 6,290 898 222 452 20,662 (77) 
1979 4,423 4,324 3,145 1,199 326 1,271 14,688 (81) 
1980 6,604 7,319 2,517 718 403 353 17,968 (84) 
1981 4,537 2,406 3,435 1,327 619 378 12,702 (77) 
1982 6,547 9,853 7,081 2,140 466 517 26,604 (102) 
1983 21,555 6,264 2,950 1,996 1,180 737 34,682 (97) 
1984 7,254 3,665 7,052 1,769 832 449 21,021 (107) 
Total 72,847 51,881 38,843 11,384 4.979 11,164 191,098 (156) 

'Figures in parentheses refer to number of countries. 

New Building Construction and Equipment 

In order to, expand our activities both as a gene bank and a seed technology laboratory 
for research and training, a proposal was submitted to the Council for Agricultural Planning 
and Development (CAPD) for the construction of a new building. It was approved for funding 
on January 21, 1983. Chen, Lee and Associates was chosen to design the building. Because 
of tile high cost estimates submitted, modifications were made. The final design was reviewed 
and approved by CAPI) ol March 12, 1984, electrical utilities installed, and construction begun 
on June 22, 1984. Currently it is nearing completion. 

The capital cost was funded mainly by the Council of Agricultural (COA, formerly 
CAPD). Other donors are the German Agency for Technical Cooperation, Ltd. (GTZ) and 
tile International Board for Plant Genetic Resources (IBPGR). The rooms, their surface areas, 
and dimensions are shown in Table 9. 

Table 9. Rooms, surface areas, and dimensions ot ine GHSU ouilding. 

Facility Suorface Area(m 2) Dimension(m) Lx Wx H 
Store: 

(1) 	 Long-term store, - 20 0 C 
preferably frost-free 35.07 6.4 x 2.74 x2.13 (2sets) 

(2) 	 Medium-term store, 2-51C, ,10% RH 90.77 6.4x2.74x2.13 (3sets) 
3.6x 3.6x 2.13 (2sets) 
2.95 x 4.15 x 2.13 (1set)

(3) 	 Short-term store, 1511C, 40% RH 104.47 11.4 x 9.14 x 2.44 
(4) Tuber store, 15'C, 80-95% RHd 35.51 7.77 x 4.57 x 2.44
 

Supporting facilities
 
(5) 	 Packaging room, 20'C, 40Q6 RH 41.13 9.0:<4 57 x2.44 
(6) 	 Drying room I, 201C. 40Qu RH 15.02 5.48 x .74 x 2.44 
(7) 	 Drying room I1,151C, 15% RI 5.01 2.74x 1.83x2.44 
(8) 	 Seed h'andling room 120.00 12 x 10 x 3.43 

(for
(9) 	 Wet lab cleaning tomato seed) 25.65 5.7 x 4.5x 3.43 
(10) 	 Drying yard 174.00 14.5x 12 
(11) 	 General lab. (for seed quality,
 

physiology, biosystematlic, etc.) 79.20 9.9 x 8.0 x 3.43
 
(12) 	 Pathology laboratory 16.00 4.0 x4.0 x3.43 
(13) 	 Tissue Culture lab 21.00 6.0x 3.5 x3.43 
(14) 	 Germination room 14.00 4.0 x3.5 x 3.43 
(15) 	 Preparation room 16.80 4.8x 3 5x 3.43 
(16) 	 Classroom 20.00 5.0 x 4.0 x 2.95 
(17) 	 Computer room 10.88 3.75 x 2.9 x 3.43 
(18) 	 Offices (3) 52.57 5.0 x 3.8 x 3.43 (2) 

3.9 x 3.8 x 3.43 

http:1.83x2.44
http:6.4x2.74x2.13
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The objectives of the Genetic Resources and Seed Unit (GRSU) were reviewed, priorities
set, and recommendations submitted to the Director General for consideration. One of the
recommendations is a new schemes for germplasm introduction (Fig. 1). This will serve to
centralize germplasm work. The Ito's two-step seed-storage system will be adopted. The type
of collections of our germplasm materials will bu as shown in Table 10. 

Table 10. The AVRDC gerinplasm collections. 
Crop Type of Collection' 

Soybean Active collection 
Mungbean Active collection and base collection 
Tomato Active collection 
Chinese cabbage Active collection 
Sweet potato Active collection and base collection for Asian and Pacific materials 
Others Active collection 

'Type of collections: base collection-permiritel collection ard not for distribution acrive collection
collection suitable for distribution working collection-temporary collectioni when variants may be discarded 
anytime. 

AVRDC IIBPGR Joint Projects 

I. Multiplication of AVRDC Chinese Cabbage Collection 
for Long-Term Storage at NVR-S-Phase II. 

Introduction 

The letter o lgreemnent entitled PR 3/I IIBPG(R Crucifers dated )ecember 7, 1982 covers
the period from January 1983 to December 1984. Its objective is to continue seed multiplication
and characteiization until all the open-pollinated materials are deposited in tile cruciferous
"base" store at the National Vegetable Research Station (NVRS), Wellesbourne, United 
Kingdom. 

Accessions to NVRS 

The number of accessions sent to NVRS is summarized in Table 11. In the 1984-85 
season, 84 accessions were planted; but dCepending on tie accuracy of vernalization, some 
accessions did not flower. 

Table 11. Summary of AVRDC Chinese cabbage collection oy breeding type 
and number sent to NVRS. 

No of No. of Ace. Sent to NVRS 
Type Ace. 1982 1983 1984 1985 Remainder 

OP 
OP? 
Fl 

287 
87 

368 

26 
40 

3 

47 
21 

-

55 
7 

(estimated) 
63 
7 

-

96 
12 

365 
Fi? 7 4 2 1 - 0 
F2 
Inbred 

1 
72 

-
2 

1 
5 

-
-

-

-
0 

65 
Not yet 
accessioned 
Total 

14 
836 

-
75 

-

76 
-

63 
14 
84 

0 
538 
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At the end of phase I and phase 1, 188 accessions remain to be multiplied for NVRS(Table 12). of' these, 36 w'hich has a germination rate greater than 95% (according to ISTArules), can be obtained from seed companies. Seeds sent to NVRS in 1984 h'id germination
rates of 99.44%, on the average. NVRS is using 851/o rate as the regeneration standard. Twentynine accessions did not have a sufficienit number of plants from previous multiplications and,therefore, were to be multiplied again from original seeds or other more advanced regeneration
cycle seeds. Seeds of the iwo multiplications can then be combined at NVRS.

The characterizatior of Chinese cabbage can be divided into two parts: vegetativecharacters arid reproductive characters. Vegetative characters consist of the seedlings andnotireprodU!ctiw growlh-sitag. charr!',mters. Rproductive characters consist of flowering and 
seed charac(cr. 

Multiplication 

The 84 accessions tinder multiplication in the 1984-85 season are shown in Table 13.Bolting in the field was quite irregular because of the warm weather in November and thefirst two weeks of l)ecember. Some of the plants were devernalized, and we, therefore, expected
to discontinue some of the accessions from the multipication program.

The six accessions olt of sixty with off-iype plants are indicated 'n Table 14. 

Table 12. Summary of the AVRDC Chinese cabbage regeneration for long-term
storage at NVRS at the end ot phase I and I1. 

No. of accessions under multiplication in 1984/85 84season 

No. of accessions awaiting multiplication and furtlher multiplication 
 40No. of accessions already at Tsu-uba which may have to be duplicated at NVRS 28No. of accessions obtained from seed companies 36Total 

188 

Table 13. Accessions under multiplication in the 1984-85 season. 
Species No. of Accession 
1. B. campestrs subsp. poAmtnns's 15 
2. B. campestis subsp c(hmonsis 25 
3. B. campostris subsp. pafachiensis 12 
4. B. campestris subsp. rapa 24 
5. B. campostns suhsp. japonica 3 
6. B. campestris () 1
7. B. juncea 4Total 84 

Table 14. Six accessions with off-types. 

Total No. of 6ff-TypesAcc. No Name Plant Discarded Of-Tpe 
No. Off-Types (/)

6 New King 169 53 31.36
195 Crispy Choy 185 1 0.54
582 60 days Choy Sun 128 23 17.97 
583 80 days Choy Sum 179 28 15.64607 80 clays Rape 183 1 0.55
609 40 days Choy Sum 186 1 0.54 
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!1. Soybean Characterization 

Introduction 

The letter of agreement is entitled PR 3/11 IBPGR Information. Its objective is the 
characterization, documentation, and distribution of soybean accessions which did not 
originate from the United States Department of Agriculture (USDA), and the deposition of 
these in the designated world collections, i.e., National Seed Storage Laboratory (NSSL), 
Colorado, with s.all samples to the National Institute of Agrobiological Resources (NIAR), 
Tsukuba, Japan. 

Progress
 

Of the 10,524 accessions in our collection, 7,592 are in the USDA catalogs. The remaining 
2,672 accessions were sorted out and planted before they were handed over to the breeder 
for characterization. A summary of the different types in the 2,672 accessions is shown in. 
TFable 15. It is less complicated than mungbean. These activities were done with the cooperation 
of the AVRDC soybean breeder. 

Table 15. Number of soybean types per accession. 

Type per Accession Frequency Percentage 

1 2,535 94.87 
2 130 4.87 
3 4 0.15 
4 1 0.04 
6 1 0.04 

11 1 0.04 
Total 2,672 

IllI Characterization and Conservation 
of the World Mungbean Collectioo 

Introduction 

The letter of agreement entitled PR 3/11 I3PGR Information dated October 5, 1983 
covers the period from February 1984 to January 1985. Its objective is to characterize 
m,ngbean according to the IBIPGR descriptor list for Vigna radiata (AGP: IBPGR 80/35) 
and to conserve the world mungbean collection. 

The Collection 

There are 5,119 acessions in the mungbean collection. Out of these, 34 are suspected 
to be Vigna mtungo, 2 Vigna unguiculata, and 165 missing accessions. No attempt is bi, 
made to renumber the misclassified accessions because they were issued for research already. 
The collection came from 49 countries (Table 16). 

From 1973 to 1984, 51,881 mungbean germplasn samples (both accessions and breeding 
lines) were distributed to about 100 countries; ;and 44,907 accession ammpics were turned over 
to our AVRItC scientists for research (Table 17). Attempts are bei.ig made to re-acquire the 
missing accessiofls. In ;Iddition to the nmngbean collection, we !,ave other related V4igtta 
collect ions aS imidicted below: 

Vigna InuIgo 158 FVigna tt111e/h/la 72
 
Vigna angularis 1:5 Vignu aconifl/olia 28
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Table 16. AVRDC Vigna radiata collection by country of origin. 
Country No. of Acc. Country No. of Acc. 
1. Afghanistan 285 26. Japan 3 
2. Argentina 3 27. Kenya 9 
3. Australia 121 28. Korea 140 
4. Bangladesh 6 29. Madagascar 11 
5. Brazil 5 30. Malaysia 2 
6. Burma 11 31. Mexico 2 
7. Canada 2 32. Netherlands 39 
8. China 18 33. Nigeria 32 
9. Congo 3 34. Pakistan 124 

10, Cuba 1 35. Peru 4 
,1.Denmark 2 36. Philippines 312 
12. Ecuador 1 37. South Africa 2 
13. England 42 38. Senegal 1 
14. Ethiopia 3 39. Somalia 1 
15. France 29 40. Sri Lanka 16
 
16. Ghana 2 41. Suriname 1 
17. Guam 3 42 Taiwan 41 
18. Guatemala 8 43. Tanzania 1 
19. Guyana 1 44. Thailand 235 
20. Hong Kong 20 45. Trinidad 1 
21. India 2,558 46. Turkey 25 
22, Indonesia 66 47. USA 150
 
23. Iran 628 48. USSR 4 
24. Iraq 4 49. Vietnam 21 
25. Ivory Coast 13 Unknown 107 
Total 5,119
 

Table 17. Mungbean seed distribution from 1973 to 1984. 

No. of Seed Packet 
-

1975 
-

1976 1977 1978 1979 1980 1981 1982 1983 1984 Total 

Internal 7703 3932 6908 6307 710 
 2709 5189 2317 6845 2287 44907
 
External 7220 4585 6245 4324 7319 
 2406 9853 6264 3665 51881
 

(1973-1976)
 
Total 7703 11152 11493 12552 5034 10028 7595 12170 13109 5952 96788
 

Progress
 

Presently, we ha e tile following passport data for our mungbean collection: 
(I)Accession it utti her 
(2)Name of' accession 
(3)Species name 
(4)P1 No., IMNo., I:M No., PIII.V No., CES No., UPCA No., STB No., EC No., 

l)SU No., Nl. No., etc. 
(5)Origin 

More dala, which will he supplied in magnetic tape, will be obtained from Dr. Mark 
Perry, IIIP(R liaison ()fficer for documentation. 

A total of 983 suspcclcd duplicates forming 480 dtuplicate groups were identified after 
comparing their P1 No., N1) No., I.M No., and name (Table 18). The suspected duplicates 
were planl ec next to each other in the field for comparison. 

Accessions with mixed seeds were sorted according to luster, color, size, and shape. Seeds 
were divided by color into yellow, light green, green, light brown, mottle blackish brown, 
black and red; and by luster, into dtull and shiny. After sorting, a total of. 7,965 entries was 
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obtained. The number of types per accession is shown in Table 19, and the frequency with 
which they occurred is shown in Table 20. 

From past experience, mungbean was shown to be affected by environmental differences, 
i.e., seasons, soil fertility, and crop management. The "plasticity" was high. To avoid this, 
we characterized the whole collection or big set of accessions together in single plantings so 
as to remove some of the variations in environment and genetic-environment interaction. The 
result from each characterization will, therefore, be more comparable. In addition, a character 
was assessed by the same person or the same group of persons, if' more that one person was 
needed. 

Spring Planting 

A total of 7,965 entries were planted from March 7 to March 9, 1984 in 7,640 I-m 
plots with double rows. Some variants within an accession that were less distinctive, especially 
the yellowish green and light brown seed types, were planted in single plots with one row 

Table 18. Mungbean duplicates and duplicate groups. 

No. of Accessions/ No. of No. of 
Duplicate Groups Groups Percentage Duplicates 

2 251 52.30 251 
3 104 21.70 208 
4 58 12.10 174 
5 32 6.70 128 
6 11 2.30 55 
7 10 2.10 60 
8 8 1.70 56 
9 3 0.19 24 

10 3 0.10 27 
Total 480 983 

Table 19. Number of types per accession in the mungbean collection. 

Kind/Accession Frequency Percentage 
1 2,507 51.000 
2 1,881 38.300 
3 435 8.800 
4 78 1.600 
5 16 0.030 
6 2 0.004 

Tota! 4,919 

Table 20. Frequency of mungbean types. 
Kind Frequency Kind Frequency 

Green: shiny 2,848 Brown: shiny 91 
dull 3,209 dull 722 
shiny, mottled 84 mottled 6 
dull, mottled 78 Subtotal 819 
black gram hilum 4 

Subtotal 6,223 Black: shiny 17 
dull 95 

Yellow: shiny 94 shiny, mottled 328 
dull 147 dull, mottled 238 
mottled 2 Subtotal 678 

Subtotal 243 Red 2 
Total 7,965 
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to a type. About two to three weeks after sowing, thinning was done by leaving a single plant 
at every 5 cm ,.lancce within the row. Standard crop-management practices were followed. 
However, both insecticides and fungicides were applied once a week. As a result. there was 
no serious insect and disease infection. Virus-infested plants wece removed when there were 
only a few in a plot. 

Harvesting commenced on May 19, 1984 at 72 days after planting. After about 1,200 
accessions were harvested, a continuous rainfall destroyed the crops. The seeds started to 
germinate on the plants and the rest of the crop had to be discarded. 

Fall Planting 

The first halt' of the whole collection consisting of 3750 entries from accessions V1001 
to V2649 plus the duplicates were planted on August 28, 1984. Each accession was planted 
on a two-in plot with double rows. Immediately after sowing, a section of the field with 350 
plots was flooded by :atyphoon and, as a result, germination was not uniform and had to 
be discarded. The resl of the ficid with 3400 entries grew vigorously and produced a good
stand for charvctcrization. lhinning and crop management were done as in the spring crop.
Again the field was free of major pests and diseases. Virus-infested plants were rogued.

At AVRDC, the fall planting is the sced-production season because of the cool-dry
weather at harvest. Two-meter plots were used in order to produce enough stock seeds and 
seeds for chemical analysis (for seed pm.tein and starch with the Near-IR analyser). Harvesting 
commenced on October 24, 1984 at 56 days after planting. All the 3400 entric: were harvested. 

Characterization 

'fie characterization in the two seasons is summarized in Table 21. IBPGR descriptors
(Il3lPGR/80/35) were followed as closely as possible and eleven other characters were added. 
In the spring season, 24 characters on 7,640 plots were made, resulting in 313,000 pieces of 
data. In the fall, the addition of 24 characters on 3,400 plots totaled 160,000 pieces of data. 

The eleven additional characters were mi rmary leaf length, primary leaf width, primary
leaf shape, leaf vein pigmentation, leaf putibescence length, corolla color (wings), pod
pubescence color, pod pubescence length, plant height at maturity, hilum color, and seed starch. 

icxorded on five randomly selected plants instead of ten plants per plot were the primary
leaf length (addition) and width (addition), and plant height at flowering (4.5) and maturity
(addition), number of clusters per plant (4.11), pod length (3.6.6), and number of seeds per
pod (7.2). Tlhe first three plants from the two ends of a row were not sampled. The averages 
will be used in tle catalof,,e. 

The following aspects are categorized as follows: 
1. Primary leaf shape: 

a. b. c. 

2. Leaf' vein pigmentation: green, greenish purple, purple, and dark purple 
3. Leaf pubescence length: short, medium, and long 
4. Corolla color (wings): light yellow and yellow 
5. Pod pubescence color: white, white and brown, and brown 
6. Pod pubescence length: short, niedium, and long 
7. Hilurn color: white and black 
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Days to flowering and harvesting, and other qualitative characters were assessed based 
on the general performance of the whole plot. Number of pods per plant was counted on a normal plant selected randomly; weight of 1000 seeds, from a random sample of 1000 seeds.

The IBPGR descriptors are put into test for two seasons. The remarks on each of the 
characters are given in Table 22. 

Examples of Some Characterization Results 

The number of days to flowering for the spring and fall crops for the first 3,400 entries 
are shown in Figs. 2 and 3, respectively. The number of days to maturity for the spring and 
fall crops are in Figs. 4 and 5, respectively. 

Table 21. Summary of mungbean characterization in 1984. 

Measured Character IBPGRDescriptor Planting 
Code
 

Growth habit 
 3.1 S
Hypocotyl color 3.3 S FLeaf: (1) terminal leaflet shape 3.4.1 S

(2) pubescence-number 3.4.3 S 
(3) petiole color 3.4.5 SRaceme position 3.5.3 FFlower: (1) calyx color 3.5.4 S 

(2) corolla color-standard 3.5.5 SPods: (1) pod color 3.6.1 F
(2) pod pubescence-number 3.6.7 S* F
(3) pod lengthy 3.6.6 S F

Seeds: (1) color Sx3.7.1 F(2) mottling on seed 3.7.2 F 
(3) surface luster 3.7.3 Sx FFlower: (1) days to flowering 4.3 S F
(2) plant height when lIoweringY 4.5 S FFlowering period 4.9 Fx

Numbers of clustersy 4.11 F
Maturity, days 4.12 S FLodging 4.14 F
Pods per plant 7.1 F
Seeds per podY 7.2 S F1000-seed weight 7.3 F
Seed protein 11.1 FPrimary leaf: lengthy Addition S F 

widthy Addition S
shape Addition SLeaf: (1) pubescence-length Addition S 

(2) vein color Addition Sx

Flower: corolla color-wings 
 Addition S
Pod pubescence: color Addition S* F 

length Addition Sx FSeeds: hilum color Addition F
Plant height at maturityy Addition S F

Seed starch 
 Addition F 

Number of characters studied per season 24 (S) 24 (F)
Total no. of recordings taken per season 313,000 (S) 160.t0 (F)


'Planting se;.sor i S sp rnq sea!;on (Maich 
 to June), 7,640 entries from acc 1001 to acc 6112. F-fallseason
(August to l)ecirrb.r) 3.,100 entries fron acc 1001 to acc. 26,19 YFive readings were recorded per

accession 'Partially characlerized
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Table 22. Remarks on the IBPGR descriptors for mungbean (AGP: IBPGR/80/35)z. 

Code No. 
3.1 
3.2 
3.3 

3.4.1 

3.4.2 

3.,..j 

3.4.4 

3.4.5 

3.4.6 

3.4.7 
3.4.8 
3.4.9 
3.5.1 
3.5.2 
3.5.3 
3.5.4 

3.5.5 

3.6.1 

3.6.2 

3.6.3 

3.6.4 
3.6.5 

3.6.6 
3.6.7 
3.6.8 

3.6.9 
3.7.1 

3.7.2 
3.7.3 
3.7.4 
3.7.5 
4.2 

4.3 
4.4 

4.5 
4.6 
4.7.1 

Character 
Growth habit 
Growth pattern 
Stern color below 
primary leaves at 
seedling stage 
Terminal leaflet shape 

Terminal leaflet length 

Leaf pubescence 
Leaf color 
Petiole color 

Color of petiole/leat 
blade roint 
Color of basal petioles 
Petiole length 
Leaf senescence 
First pod-bearing node 
Length of pedunrle 
Raceme position 
Calyx color 

Corolla color 

Pod color at immature 
stage 
Color of ventral suture 
of immature pod
Pod color at mature 

stage 

Shape of ripe pod 
Attachment of mature 
pod to peduncle 
Pod length 
Pod pubescence 

Constriction of pod 
between seeds
 
Pod curvature 
Seed color 

Mottling on seed 
Luster on seed surface 
Seed shape 

Hilum 
Days to emergence 
Days to 50% flowering 
Seedling vigor 
Plant height 
Twining tendency 
Branch character 

Remarks 
Easy to characterize as given. 
Difficult to characterize 
With 3 categories: green, upper green and hypocoy 
purple, and all purple. 

With 2 distinct categories: lobed and a range between
 
deltoid and ovate.
 
A range in an accession and affected by environment;
 
characterized as given.
 
With 3 categories: few, intermediate, and dense.
 
All almost the same; depending on environment.
 
With 4 categories: green, green with purple spots,
 
qreenish purple, and purple.
 
Probably related to 3.4.5.
 

Probably related to 3.4.5.
 
Needs further observation.
 
Needs funher observation.
 
Needs further observation.
 
Needs further observation.
 
As given.
 
With 3categories: green, purplish green, and greenish
 
purple.
 
With 4 major categories:
 
(1) yellow-very light yellow, light yellow, and yellow. 
(2) greenish yellow-very light greenish yellow, light 

greenish yellow, and greenish yellow. 
(3) yellowish green-light yellowish green and yellowish 

green. 
(4) green purplish yellow-light green purplish yellow 

ano green purplish yellow. 
Difficult to differentiate because of different stages 
in a Dlot. 
Needs further observation. 

With 5 categories: straw, tan, brown, brown and black
 
and black.
 
Difficult and need further observation.
 
Range between pendant and intermediate almost none
 
with angle of around 900.
 
Measured on five random pods.
 
With 3 categories: few, intermediate and dense.
 
Needs further observation.
 

Needs further observation.
 
With 5 categories: yellow, greenish yellow, brown,
 
brown green, and dark green.
 
As given.
 
As given.
 
As given.
 
Difficult !o record. 

As given-on comparable samples. 
As given. 
As given-on comparable samples. 
Average of 5 randomly selected plants. 
Needs further observation. 
Needs further observation 
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Table 22. (Continued) 

Code No. Character 	 Remarks 
4.7.2 	 Length of branch Quite variable within an accession; needs further 

observation. 
4.8 	 Leafiness Needs further observation. 
4.9 	 Flowering period As 'liven 
4.10 	 Rate of flower drop Neeo- further observation 
4.11 	 Number of clusters Average of 5 randomly selected plants. 
4.12 	 Days to 50% ripe pods As given. 
4.13 Shattering in the neld As given.
 
4 14 Lodging As given.
 
4.15 	 Nodulation As given. 
7.1 	 Pods per plant Average of 5 randomly selectcd plants. 
7.2 	 Seeds per pod Average of 5 randomly selected pods. 
7.3 	 1000-seed weight Weight of 1000 randomly selected seeds. 
7.4 	 Yield per plant Weight of whole plot. 
7.5 	 Percentago of the first As given.
 

naivest over the total
 
harvesl
 

7.6 Shelling percentage As given.
zFor measurerd chiriclr,;, r c:r{Jdi on fnri plinl; would be belter than five plants. However, in 
mungbean, G x 1. varoi run I. tii; iwd by takin only live measurements, more accessions can be 
assessed at a lime Tho da;i vIl lher 1)Ifrino u"Mlil hfeCaLUSe ' we will have a bigger set of comparable 
data. 

., 9001
-8oo1- I 

400 

..20 0 LII. . I,. 
394041 42 43 4445 46 4748 49 5051 5253 54 55 56575859 6 6162 63 64!65 

Doys to Flowering 

Fig. 2. Number of days to flowering of the spring crop. 

8001 
9007 

I0car-i 
;00 8oo[. I .1 	 1.oI ..... 	 .. ....... .
 

A'L,,, . _ ,, , ,Jj i'., 

Fig. 3. Number ot 
fall crop. 

days to flowering of the Fig. 4. Number of days to maturity of 
the spring crop. 
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It is interesting to see ite biniodal distribution in lays to flowering. Most of the 
accessions flowered around 43 days alter sowing in spring and 34 days in fall, and the second 
peak was around 53 days after sowing in spring and 41 days in fall. The fall crop tended 
to flower earlier probably because of a shorter day length.

The same trend was reflected in days to maturity in spring; but in fall, the crop tended 
to ripen earlier and close together probably because of' the start of the dry and cooler weather. 
The number of pods per pltu-t in the tall season had a skewed distribution in Fig. 6. Most 
of the accessions had around II to 5f) pods per plant. The 10 accessions with more than 100 
pods per plant wece 120011-G orottled), 121613-(, 3107A-G, 168313-131R, 2493A-G, 2493A-BL 
(mnottled), 2513-i\, 509713-G, 254711-G, and 175213-G. 

Fig. 5. (left)

'.io~ EC, Number of days to maturity of the fall crop.C 6,,6,,,9(r 

10500 

5O
 

400 

~300 
Fig. 6. , 
Number of pods per plant of the fall crop. 'o 

100 

f0 i1.15 F 2 2526.331-35 36-4041-. 0 516061.-70 7i-8081400 >100 
Pods / Plont 

A Study of Some Morphological Chaiacters 

Iifty ntihebeart accessiots were selected for this study. The experiment was sown directly
in the field oi1 .ulv 26, 1984; and field managentent was carried otlt according to AVRDC 
recoii irentded prtcticc,. Alter enierence, seven accessions (V 1185, V 1318, V1992, V2489, 
V2548, V2635, and V2640) wcre fou nd to Iac Iwo types of hypocotyl color. They were, 
thelelorc, divided into t, ( types each arid ,ere .studied separately. 

(htat acteri/alil \ s donre ;tccorditg, to th, I I'(JR descriptor list (I IJGR, 1980). In 
addition, primary" eatIC elh, prinlary lea, '\ idthi, pctiolule fulcgth of' terminal leaflet, terminal 
lcallct v. didth, and tie ditartcc froti tie base of the termitnal leallct to its widest part were 
also lrItted. lCaf ciltaacters ss cte recorded rot Y(1 selectd .liaits.3 ratldonrlv 

Coelficicr of variation. Iht. itcarl (x), popttlat iot standard deviation (SI)),
coefficient of aiatioti (W\', tiart (fl tite LOCficiCrtSl ,ariatit1 withlin accessiols, and 
rart'e of cat chrajcacr,, are sho%%i in Iahlc 23. 

The rieart (X) of tite (A of plitt;tr' Ial Icneth at stage I (character 2-a) was small,
but its poptlfatiot (V lasrc. Ihis irdicated t tata l tie ,arialioi was silall within accessions 
and large hcthcCnt al to., ,. lie prinmr leatf Iclgth at stage 1, thierefore, appeared to be
the most n scli ore tot classirfyinr, thce alccessions. The other characters had no difference 
bet wecii popt latiot ( V anrtd tica rof CV. 
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Correlation. The correlation coefficients of leaf characters are shown in Table 24.Correlations between petiole length, petiolule length of terminal leaflet, terminal leaflet length,terminal leaflet width, and the distance from base of the terminal leaflet to its widest partwere highly significant. This meant that size factor might be involved.
Primary leaf length at stage I and stage 2 and primary leaf width at stage I and stage2 were also highly correlated. However, correlations between measurements for the two stages 

Table 23. Mean, population standard deviation, coefficient of variation, 
mean of the coefficients of variation within accessions, and range of the nine 

quantitative characters studied (mungbean). 
Character x SD CV Mean' of CV Range 

Primary leaf length at 
stage 1Y(2-a)' 4.95 1.52 30.84 10.91 2.42- 7.42 

Primary 	 leaf length at
 
stage 2w (2-b) 
 5.59 0.70 12.51 11.91 2.80- 6.68

Primary 	leaf width 3t
 
stage 1 (3-a) 1.75 0.22 
 12.59 11.98 1.30- 2.48 

Primary leaf width at 
stage 2 (3-b) -2.06 0.28 13.59 12.57 1.44- 2.79Petiole length (4) 14.96 2.25 15.03 15.97 5.64-2?.10 

Petiolule length of 
terminal leaflet (5) 3.15 0.48 15.27 115.52 1.89- 4.22 

Terminal leaflet 
length (6) 9.59 1.34 13.97 14.13 5.68-12.92 

Terminal leaflet
 
width (7) 7.41 
 1.07 14.45 14.37 3.99-10.24 

The distance from the
 
base of the terminal
 
leaflet to its widest
 
part (8) 3.21 0.49 15.27 15.36 2.02- 4.20


'%ean of the coefficients of variation (CV) was calculated from tlhe CVs of 
 ihe 57 entries with about 30sample:; per accssion YStaq 1-when the primary luaves maturedjust arid the first Irifoliale leafappeared 'Characler code t;Wd it the, Study WSlage 2-when the leaf at the fourth node matured. 

Table 24. Correlation coefficients of leaf characters' (rnungbean). 
4 5 6 7 8 2-b 3-b 2-a 3-a 

4 1.00 0.91 0.91 0.90 0.88 0.84 0.81 0.56 0.53 

5 	 1.00 0.96 0.94 0.94 0.92 0.88 0.62 0.60 

6 1.00 0.98 0.98 0.91 0.91 0.63 0.65 

7 1.00 0.94 0.91 0.92 0.67 0.70 

8 1.00 0.87 0.86 0.55 0.57 

2-b 1.00 0.96 0.73 0.71 

3-b 
1.00 0.69 0.78 

2-a 
1.00 0.89 

3-a 
1.00'Symbols: * " significant at the % level. 2-a - primary le ingth at stage 1: 2-b--primary leaf length

at stage 2. 3-a --primary leaf width at stage 1 3- : primary leaf width at stage 2: 4 = petole length.5 = petiolule length of terminal leaflet. 6 - terminal leaflet length; 7 = terninal leaflet width; 8 = distance
from the base of the tem iral leaflet to its widest part, 

http:3.99-10.24
http:5.68-12.92
http:5.64-2?.10
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were relatively smaller. This could be due to the fact that measurements for the two stages 
were from different leaves. f"characters 2-a and 2-b, and characters 3-a and 3-b were measured 
from the same leaves, the correlation could be higher.

(cogruplhical distrilnitiota in relationi to inorpihotvpcs. The geographical distribution 
of the accessions was plotted on the pictorialized scatter diagram (Fig. 7) with the following
character hypocotyl color, pod color, seed color, and seed luster. Materials from Afghanistan
and Iran had wider variations in petiole length. Other entries tended to group together 
according to their countiry of' origin. 

All the breeditng lines had green hypocot yl color. There were no definite groupings in 
seed color and luster. Seed color and luster had more than onc type in some accessions. These 
may be d uC to the following reasons: 

(I ) These accessions may still be segregating due to previous cross-pollination. 
(2) These accessions may have a higer level of' out-pollination which causes 

interbreeding and segreation. 
(3) 	These accessions tnay be mechanically mixed. 
(0) 	These accc!'sions may lack lull cxpressivityv of genes because of environmental 

and/or physiological in fluence. 

Further experiments have to be done to test these hypothesis. Accessions from 
Al'ghanislan were mostly tal in color (Fig. 7). This indicated that there may have been local 
llorphotypes ill somie countries, hut more accessions have to be observed. 

Accessiom.s wilI tw(o types of Ihyocolyl cohr. There were seven accen;sions with 
two types of hypocotyl color. The pairs were compared among themselves. VI185, V1318,
and V2548 were not compared because ofI missing data. V1992 and V1992-A had different 
calyx and corolla color. V2635 and V2635-A had different seed color and luster; and V2640 
and V2640-A had di fferent flowering dates. However, there was no definite differetices between 
V2489 and V2489-A. Further study has to be done to find the importance of using hypocotyl 
color to split an accession ito two. 

l)isemussion. Stable qualitative cltaraclcrs are better than quantitative ones in iclentfying
In itgbea, Ilhe more use'tI qualitative charact ers are hypocot yl color, seed color, seed luster, 
pod color, etL. lhiovver, the genetics of these characters has to be understood f'irst because 
if was observed that seven accessions had more than one seed color; and two accessions had 
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Fig. 7. Pictorialized scatter diagram for geographical distribution and for morphological characters. 
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more than one type of seed luster; but the original seeds had only one type (the original seeds 
might probably have more than one type already).


The gcographical distribution of the morphotypes 
was not clear in this experiment. This 
may be (ufe to tile fac! that only few accessions from each country were used in the study.

[hough tile leaf characters (except for the primary leaf length at stage I) were !ess useful
for classifying munglbean, they gave us some information about their correlation. 

Accession V1160 

VII 60 is classified ill our collection iunghean.as Our passport information shows that
it is 	 1P1207655 or M0221, and that it originated from tihe Philippines. More detailed 
information is being requested from I.SI)A.

Field observations in 1983 and 1980 showed that it had charact-'rs front both nitingbean
(Viqna radial) and black grain (. ,nungo). Its plant and flower characters w'ere closer to
that of black gram and tlie pod characters, to t1;1! of turigbean. Ilowever, the more important
characteristic of V1160 is its 'imunily to diseases and pests in the field. It also competes
well 	 with weeds. It has a relatively slow initial growth, but a very vigorous later growth.

A full description of VI 160 is given in Table 25. It has two unique characters which 
are not observed in both iningbcan and black grain. These characters are is follows:
 

. l)eltoid primary leaf' shape as compared to the normal acute type.

2. Pet iolated primary leaf a compared to the normal almost sessile type.

VI1160 has no glutainyl-met hionine (16-17 min) peak according to the IIPI.C analysis
which makes it difference from black grain (Fig. 8). In addition, the peak at 14 to 14.4 cm
is not usually found in rlulgbean chroniato&ramt.!! may be of hybrid origin with characters
from 	di'fereit geiioties, probably mostly front ninigbean and black grain. It could also be 
a new taxon. The glabrous nature of VI 60 may relate it to [igna glahr's'cl.%.

'[he botanical dcCriplion and samples of' seeds are tow under preparation to be sent 
to Kew Garden, UJnited Kingdon, and to Professor R.J. Marechal, Faculltc des Sciences 
Agrononiiqtes de I'Htat, Belgium for taxonoinic identification. 

Because of its "iiinnity" to diseases and pests in lie field and its probable hybrid
origin, it is a good poteili.al of' rscistlnt goe, and as a "bridging'" taxon to allow difficult
interspecific crosses to be done. I lowcver, it is very ploloperiod.sensitive, responding
favorably only to slorl dly:;. P;ast experience sh owed that it will not flower in spring, and 
the nuritber of days to flowering in atilliiii depends ont li datle of sowing (Table 26).

All experiliill oi flower illducLtioll by short-day treatments \vas carried out in autumn
1984 to provide information oii f'lowering in V1160. Ihis is necessary in Ihe synchronization
of flowering between V 16ff and other parents for pollination. 'lhe experinlelt was planted
oi Septeiiber 17, 1984 in 'our pols with thrce planits each per treatilent. The treatments are
the control and day,'s shortcr by 30, 60, 90, 120. 150 inin. These regimes were imposed oil 
October 21, 984 until Nos eiiber 30, 1984 

Bloci grom VM2164 ~' V 1160 	 Mungbean VC1973 

H 	 I ... 

0 5 10 i5 2'0 0 5 16 iii 20 0 5 10 15 20 
Time (min) 

Fig. 8. HPLC chromalograms of V1160, black grain, and mungbean. 

http:poteili.al
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The results are summarized in Figs. 9 to 10 with the use of the cubic curve fitting. It can be seen that the treatments did hasten flowering and concentration of flowering, even
if the day was shorter only by 30 min. The analysis showed that the cubic curve fitting was more suitable for this type of data. This was reflected in the reduction of residual 5urn of 
squares from quadratic to cubic term (Table 27).

Tile same experiment will be repeated in the coining spring season. 

Table 25. 
Descriptor 

1. Growth habit 
2. Stem color below primary leaf at 

seedling stage 
3. 	Primary leaf shape' 
4. 	Primary leaf length 
5. 	Primary leaf width 
6. Attachment of primary leaf' 
7. Stern color 
8. Stem 1pubescence' 
9. Petiole length 

10. 	 Petiole color 
11. 	 Color of petiole/leaf blade joint
12. 	 Petiolule length of terminal leaflet 
13. 	 Terminal leaflet shape
14. 	 Terminal leaflet length 
15. 	 Terminal leaflet width 
16. 	 Distance from terminal leaflet base 

'to its widest part 
17. 	 Leaf pubescence'
18. 	 Leaf color 
19. 	 Leaf venetion pigmentation 
20. 	Calyx color 
21. 	 Corolla color 
22. 	 Raceme position 
23. 	 Pod color 
24. 	 Pod pubescence" 
25. 	 Pod length 
26. 	 Seeds per pod 
27. 	 Number of clusters per plant 
28. 	 Pods per plant 
29. 	 Seed color 
30. Seed surface luster 
31. 1000-seed weight 
32. Lodging 
33. 	 Days to flowering 
34. 	 Plant height at flowering 
35. Days to maturity 
36. Plant height at maturity 

'Inl)oirlanl characters. 

Full description of V1160. 

V1160 

Erect 

All purple
 
Deltoid
 
2.71 ±0.23 cm (2.3-3.2 cm) n=20 
2.00±0.19 cm (1.6-2.3 cm) n=20 
Petiolated 1.79±0.33 cm (1.1-2.1 cm) n=20 
Purple
 
Glabious
 
12.05 ± 1.77 cm (9.2-14.7 cm) n= 20 
Greenish purple 
Green 
1.57 ±0.23 cm 
Deltoid 
6.89±0.78 cm 
5.29±0.68 cm 

2.06±0.29 cm 
Glabrous
 
Green 
Pigmented 
Purple 

(1.0-2.0 cm) n=20 

(5.3-8.2 cm) n=20 
(3.7-6.4 cm) n=20 

(1.j-2 .5 cm) n=20 

Greenish yellow
 
Intermediate
 
Brown 
Glabrous
 
7.74 cm (7.2-8.0 cm) 
10.6 (9-13) 
9 (5-20) 
33 
Black 
Shiny 
33.7 g 
None
 
84 (Fall, 1984)
 
45 cm
 
115 (Fall, 1984)
 
52.8 cm (40-60 cm) 

Table 26. Number of days to flov%4ing of V1160. 
Year Season (Sowing Date) Days to Flowering 
1978 
1980 
1982 
1983 
1984 
1984 

spring 
spring 
spring 
autumn 
spring 
autumn 

(March 1) 
(March 3) 
(March 10) 
(July 27) 
(March 7) 
(August 28) 

Not flowering 
Not flowering (June 18) 
Not flowering 
124 (November 28) 
Not flowering 
83 (November 19) 

http:2.06�0.29
http:5.29�0.68
http:6.89�0.78
http:1.79�0.33
http:2.00�0.19
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Table 27. 
Treatment 

Comparison 
Total No. of 

of the quadratic and cubic 
Quadratic Fitting 

curve fitting on flowering data. 
Cubic Fitting 

Flowers/Plant residue square S.D. residue square S.D. 
Check 
30-min 
60-min 
90-min 

120-min 
150-min 

47.7 
56.7 
51,4 
69.9 
60.3 
505 

15.9211 
21.2518 
17,4520 
23 4514 
20.9726 
13.5907 

0.70536 
0.81493 
0.73850 
0.85607 
0.80956 
0.65170 

15.5821 
12.9686 
15.2019 
18.5,125 
11.2821 
11.5481 

0.70898 
0.64679 
0.70028 
0.77340 
0.60327 
0.61034 
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document), 406 pp,; 2) AVRDC 1982 Progress Report, 337 pp.; 3) AVRDC Progress Report
Sunmmarics 1983, 82 pp.: 4) Report of the Third E'xternal Review, 176 pp.; 5) Response of
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Virologv, 39 pp.; 8)VcgCtbles anMi le Quality of' Lifc in tlie Year 2000, 7 pp.; 9) Centerpoint,
August 1984, 6 pp.: 10) Agronmvzid Ilics in Java, 90 pp..

Miscellalncou, llllicatiois. 1)1984-85 Publication Catalog; 2) 1982 Highlighlts Sheet;
3) 1983 HIighlights Slice; 4) AVRIDC"Fact Sheet (three up-dared versions); 5) Vegetables in 
the Tropics (position paper for flie exteinil review); 6) V\egetahle Prodtiction Training Course 
tlver; 7) AVII)( 1984 Teleplone I)rectory. 

Relrillis,. I)Faiwal's Specialized Veget able Prodiction Areas: Al Iniegrated Approach
(T18 I); 2) laril Nilla2neiilt IP-.search ol Croppinig Systems (T3 2); 3) Four Approaches
to Risk and tUccraiiltV f'or Use in latin Management Extension ('l1 3); 4) Sunner Tomato 
Production iii Taiwan ('IB 6); 5) \VhyI Farners Plati\Vhat They Do (T13 8); 6) Improving
tile MarkeCrability of, leriliable Cormodities (T1 9); 7) Proceedinigs of the Workshop on
Prc-anid IPosl-ltarsest Vegetable Te'chlnology; 8) Procduire"fr 'Toniato Evaluation Trials;
9) AVRI)(" ('rop Elnviionllenl; 10) Suggetled ('tIlt ural Practices for Mungbean; 1) IProcedures 
for ('hillese ('bbage Fvaluatiott Trial;; 12) Suggestcd Cultual Practices for Tomnato; 13)
('oul ilural Iract ices for (ii iese 'abbage at AVRI)C; 1-4) Evaluatin, AVRDC Soybeans; 15)
I'!0cCdiire.S for Swcel Pot at() Evaliation Trials. 

l''icels lirr-llly iind (wuy(land stiitus). 1) 1983 Progles< Report (advanced); 2)Procecdiin, of the workshop on Soybean in Tropical aild Stubtropical Cropping Systems

(intermediate); 3) AVRC)(: 10 Years of' Progress (intermediate); 4) Centerpoint, December
 
1984 (advanced). 

Public Relations 

1 uilIlittions vith news or mention of' AVRIDC in 1984. 1) IBPGR SE Asia 
Newslelter (2 occasions); 2) Agricultural Science )igest; 3) Farmer Magazine; 4) Xerophlthalnia
(Itib Newsletter; 5) lorizons (LISAID); 6) l-lsii , Nung Farm Magazine; 7) Htarvest Magazine;
8) San-kin Nc\ks (.lapan); 9) North Thailand; 1() CIJAR Newsletter; 11) Chronic 1orticulturae;
12) China IPost; 13) ('hina 'I inies (2 occasions); 14) ('hina Daily New; 15) 1-1ortScience; 16)
USDAI\xpcriienit Stattion Newsletter; 17)I IIM Newsletter; 18) Tainani Weeklv News; 19) Agri-
Week Magazinei 2f0) Starca l)iary; 21) INTSOY Newslelter; 221) lfor'lniat ion and Conputer;
23) United I)aily News (2 occasions) 24) Vita Newsletter; 25) Asahi Daily News (Japa i); 26)
USAID lntertnational Elchange News; 27) Bentchnark Site News; 2S) Vent-Rock .choes; ann 
29) Il Newsletter; 30) fin'c Nlaiazine. 

Railo retiorls alAolll ,VII)(', I) Staion I)YVR, Radio NIindanao; 2) Iritish 
Broadcastirig Corporation (six occaions); 3) Austrlirlan Broadcasting Corporation. 
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Editing Services 

Twenty-nine journal papers, conference papers, or general reports were edited by OIS 
in 1984 (not including papers edited for the soybean sylposium and the 1983 Progress Report).
The following is a breakdown by department: Chemistry-2, Entomology-7, ODA-3, B&M-1, 
Soybean Breeding-2, Virology-3, Outreach Programs-3, Seed Laboratory-2, llant Pat hology-2, 
Crop Management-1, Physiology-2, Training-l. 

Printing and Art Services 

The printshop processed 427 requests in 1984, representing a total of 1,300,000 printed 
pages (not including the last two weeks in December). This compares with 363 requests in 
1983, representing slightly more than 1,000,000 pages.

The art services section processed 135 orders for figures, labels, etc. This number does 
not include jobs requested by OIS. 

Photo Services 

A total of 15,420 photographs were processed by OIS during tile year. This includes 
8,301 color slides; 2,084 blue slides, and 5,035 black and white prints. Approximately 20,000 
photogra ph,, were processed in 1983 (exact figures are not available).

Major inprovements were made this year in fle quality of OIS photographs through 
tle development and/or adaptation of studio techniques and technical processes. In addition,
substantial savings were achieved in the overall operation of the OIS photographic section 
(Table I). 

Distribution 

lc(juesis. A total of 1,150 requests for publications were received in 1984 (not including 
requests for progress report reprints). This compares with 1,730 requests itl 1983. The reduction 
in 1984 is attributable to a reduction in the numiber of Centerpoints issued during the year.

Readership. "[he OIS mailing list had 5,999 listings as of December 1984, including
538 libraries, as compared with 4,785 listings (404 libraries) in April 1983. 

Book sales. A new publication pricing policy was eslablished in 1984. As of June all 
readers were askcd to pay for tile Center's symposium proceedings, progress reports (after
1981), and other heavy publicalions. Our previous policy charged only residenti, in developed
countries. As in the past, libra y copies continue to be free. Book sales in 1984 totaled US 
$2,515.70 compared with US $788.30 in 1983. 

Post age. Postage costs in 1984 totaled NTS405,8 13 compared with NT$365,023 inl1983. 
This was primarily dile to an increase in overall publication production and larger mailings 
to libraries and VIPs. 

Time and delivery stuldy. .\ ltime and delivery study was conducted in 1983-84 to 
determine the tnunm ber 0f days required to ship AVRDC rf'acepublications (by siu mail) to 
specific countries and to determineitheir Condition upon arrival. All publications shipped
during the study period contained a card that asked the recipient to note the date that the 
publications arrived and their condition. Two hundred and ninety-six cards (70%) of the 394
cards issued were rCIurned. The longest delivery dates recorded are as follows: Chile (135
days), Colombia (154 davs), (i;illa (134 days), Ivory Coast (158 days), Nigeria (231 days), 
Guamn (134 days), Indonesia (114 days), PN( (120 days), Sri Lanka (247 days), Vietnam (159
days). In tie fhtittrc, this inloriation can be used to make decisions about inailinig free 
publications to key cooperat ors and donors. 

A total of 296 recipients reported that tiliepublicatiois arrived in excellent or satisfactory 
condition; ito "unsatistfact ory" reports were received. 

http:2,515.70
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Rcqucsts for progress rcport reprints. To identify the areas of greatest interest to 
our readership, and thereby help to plot future publication strategies, an effort was made 
to keep track of all reprint request cards (for 1982 Progress Report reprints) returned by readers 
of the Progress Report Summaries. A total of' 160 readers (7.5%) returned the cards. A 
breakdown of the reprint requests according to crop and discipline ik presented in Table 2. 

This information provides a base line from which we can chart future publication 
strategies and the effectiveness, or lack of effectiveness, of the reporting strategy of the 
progress reports and the :.ummaries. A similar project is being conducted with 1983 reports 
for purposes of comparison. 

Table 1. Photographic expenses and sales, 1981-84 (NT$). 

1981 1982 1983 1984 
Processing 161,930 140,500 128,660 90,927 
Supplies 185,720 153,760 140,886 127,247 
Total 347,650 294,360 269,546 218,114 
Sales 8,590 17,727 51,312 37,516 

Balance 339,060 276,533 218,234 180,658 

Table 2. Breakdown of requests for 1982 Progress Report reprints z 

Discipline Tomato ChineseCabbage SweetPotato Mungbean Soybean Total 

Breeding 61 42 42 46 50 241 
Pathology so 34 - 39 45 168 
Entomology 50 42 44 37 43 216 
Physiology 55 37 - 40 43 175 
Chemistry - - - - - 33 
Gardens - - - - - 39 
Soils - - - - - 47 
Management - - - - - 72 
Economics - - - - - 36 
Anthropology - - - - - 18 

Total 216 155 86 162 181 1.045 
ZTotal requels= 1,045. 
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Finances 

AVRDC's projected budget for 1984 was US$ 4,750,000, compared with an actual income
of US$ 4,336,727 and expenditures of US$ 4,518,249. Core funding was provid, d by thegovernments of' Taiwan, the United States, the Philippines, the Republic of Korea, Japan,
Thailand, and the Federal Republic of Germany. 

Grants and other forms of assistance were also received from: 

The Asian Development Bank
 
The International Development Research Centre (Canada)
 
The International 
 Board for Plant Genetic Resources 
Taiwan Council for Agriculture
 
Taiwan National Science Council
 
International Soybean Program (INTSOY)
 
Ameri'an Cyanamid Company
 
Duphar 13V
 
Merck & Co. Inc.
 
Land 0,1 akes, Inc.
 
Taiwan Kagome Co.
 
Tell [Itia Chemical & Pharmaceutical Co.,
 

5 
AVRDC REVENUES 1971-1984 (US$ millions) 

4I Special projects 3 

E Core budget 

3 2.88 * 2.99 3.11 

2.35 . 

232.20 
- 2.00 1.82 1.72 20 

1.50 

0 i IH 
'71-'72 '73 '74 175 '76 '77 '78 '79 '80 '81 '82 '83 '84 
* US $ 3.4 million for capital expenditure, 1971- 73 
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Germplasm Recipients 1984
 

Anguilla, British 
Corito Trading Company, lItd. 

Antigua 
Caribbean Agricultural Research 

& )evelopment Institute 

Argentina 
F:actiltad de Cicicia, Agrarias die 

Rosario 

Australia 

('orntom ealt tlScientific 


and Ind'ustrial Research 

Orgaiiiiation 


Department of Agriculture 

I)epartilent of I riniary 


Production 

Redlaiids Iloticuliural Research 


Station 

Seed Testing Station 


Bahamas 

Department of 


BangladeshBangladesh 
lInstitiite 

Institute of Nuclear Agriculture
 
Inrtationat ,eiciit i 


I'Cl0) 11eop SCI CC
tn 

Barbados 
I li-GR( urdcnN, 1.1dl 

Belgium
Bol ii 
Unisersit y muf(itertlit 

Belize 
iultuiral
Car ribhea i Agr Researnt 

and )eelopieit linstitute 

Bolivia 

Conite Central Mertonita 
Est Ixperimental "Green Chiaco" 
Moos -xperilnliii alStalioni 

Brazil 
Ceintro de I'esquisa Agropecuaria 

tropicdoJ ii o 
Ce'ntro Nacional de Rectisos 

Gerieticos 
CEP AC 
Prograita )e Pesqulisa, T(,O(1IPAR 

Brunel 
Pusat latilian Pertanian Sinat 
Sinaut Agricultural Training 

Center 

Burkina Faso 
Instit ut de reclierche pour hs 

iuJlos ctoleagineux 
('cntre dcxperinientation du riicf 

.,-s culturc, irriguecs 

Burma 

IR RI
 

Cameroon 

IRA Nkolbisson Center 


Canada
 

Agriculture Canada 
King (rain, lid. 
Ridg.towit (oliege of ,\giilthurat

]cc-Iii idogyV 

Snmilhfild l[xpcrimnval Farm 

o,\gricuhtuc
stwk, Seed, I t. 


hiversit y (01(ICu-lphi 


Caroline Islands 

Agricuiurte I)ivision, Truk 

()ISCA I.I).M. 

Colombia 

Ce tro I[ittertiauciolmal de 


Agrictlitura Tropical 

Coordinator Nal. Legguminosas di
 

Granto y ()caginosas Atnualcs 

Federacimni Nacital ti (aleteros


(:uuoiithia 
i (ltuitiit

histilitlc
('olomtbiano 

Agropecuario 
Insttitute de VctaoLinguislicn 


Comoros 

CEIFADIFR 

Congo 
Uniersite Marien Ngouabi 

Cook Islands 
Ministry of Agricultue and 

Iisiteries 
Tokoitk IiResearch St ation 

Costa Rica 
('Cntro Regional UCR 
Miacap, S. A. 

Ministerio )uAgricutura y 
Gaiaderia
 

Paln Rcsearch l'rogjain
 
Proycito Agrol'orestal
 
raiwan' lectiical Mission 
Unisersidad (iC Costa Rica 

Cyprus 
Agricultural Research institute 

Denmark 
J. E. Oilsens Inke A/S 

Dominican Republic
 
Centro de Desarrollo
 

Agropeciario
 
Taiwan ieclitical Mission 

Egypt 
Agricultural Research Center
 
Ministry of Agriculture
 

El Salvador 
Centro Nacional de Tecnologia 

Agricola 

Ethiopia 
International Livesiock Centre for 

Africa 
Mlinistry of Agriculture (Add)Nazareth Agricultural Research 

Station 

UNI)P/FAO 

Fiji
 
ILegalega Research Station

Sigatoka Research Station 

France 
Union des cooperatives ;igricoesA rnagliac- I~igorre 

Gambia 
St. Atugustiu.S iilgh School 

Ghana
 
Crops Researchnlitilte 

I)odowa ('ooperatise 
Nrhtlti- Urltpose Society, l.d. 

Guatemala 
Inslitlo d: Cill.cia y Tcttiogia 

Agricolas 
Personilcro del .eft de h slado 
laiwan
aTechiiieal MIission 
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Guadeloupe (France) 
Insfitut national de lia echerche 

agronomique 

Guam (USA) 

University of Cua in 


Guinea 

United Nations Developinent 


Program 


A 	 Christian Outrcach of the 

lBaptist Itaiti Mission 

Catholic Rclivf Scvices Ilaiti 


Program 

Instituto luneraiiericano tic 


Cooperaciol pa ra li 

..\ riculluia 


Taiwan lechnical \fission 


Kampuchea 
M't. I'd ,Motienhocker, Ilhonotn 

l'efili 

Honduras 
Ministcric de Re (iurs,,, Naturales 

iHonduras 

India 

Andlira radc.h ,.\giicliural 
Uniicrsits 

Ankir .\'gricuhm l Reseirch 

I ahorat orv 

Ihlabha Aloni,: Research (coiter 

(Cetral Ayricullural I< escalih 


lntiIsI te 

ollee of .\rliculutic & 


Tt',htoolo 

('YB ltitute 

I-I ITA f 

(i. 	 1. 'ant Iimiersity mf 

Agriculii.. and Ieccimologv 

Ilarvana A ,rictrlimal I si., 

ICAR IRescaich (oniples hor 


N.F, I. Regioti 
11l(1O 
Ildia 111tlute o h. ualIof iCuiimlm 

Rccmrh 
Indian Atuicmmltil Research 

lin iltuic 

-. N.. l l'li1 l I niicisii 
Ketala \'icultii ul kTnimii 
Khetill SaIiil IIIi, I[d. 

N IlerI.mcallicl looml ]'l wc'l,,, I I. 

Naimll Ittumcau of I'l mini(icntic 


RcsoUiices 
National Pulse Rcsecarcm Statioi 
Ninitikar Aricultlial Research 

IniilitUii . 
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Orissa University of Agriculture & 
Technology 

Punjab Agricultural University 
Soya Production and Research 

Association 
Tainil Nadu Agricultural 

University 
The Atul Pfoducts, ltd. 
The Cochin I alabar Fstatcs and 

Industries, 1.1d. 

University of Agricultural Science 
& Technology 


Yattra Vidyalay Punjab 

Agricuhural University 


Indonesia 

Agricultural Trainitg Center 

Akadeii larining Semarang 

Bali Cianti Sena Foundationi 

Bogor Agricultural University 
Bogor Central Research Institute 

for Food Crops 
Centiral Research Institutc for 

hood (Crops 
Central Research Institute for 

1Horticulture 
Diiias IP'rtaian Iaimain l'allgan 
lemihang Research Institute 
M. A. C. S. Rescarch listitutc 

MARII.
 
Mi.os Research lntitute florItl 


Crops 

NAELA, Pasar ,,t.lun R-wscarch
 
Centre
 

NTT Ii estock l)celopnient 

Project 


Pilot l'rojcci on iitegratCd SOty~ 

anId Ioott ( in1oplroduction 


P1. Mclati (-aimhir Mas 

R. I. U itoyal S iiiatira 'lantations 
1aiman lechnical Mission 
Suihbalai Penclitian lanuan 

Pillsel SminlliPdln~in 

Sukaniiantli Research Insit e otr 

Food (lops, 
Sukaraii Rccarch Inlitutiic or 

IFood (Cops 
SURI. 
[AD Seed liproemeint 

I rasuinigratioi Aica l)e\elophilnilt 
PlrojckI 

Uniersitas iiul 
Unive,,,is as Srimvijaia 

Iran 
Sefct& Plain lnlp+1omcilel 

Institute 
Uniesity oi Isfillan 
I niersil, of ;ali, 

Italy 
Consiglio Nazionele delle Ricerche 
UN Food and Agricultural 

Organization 

Jamaica 

Ministry of Agriculture 

Japan 

Associatiot for Itertational 
Cooperati-n of Agriculture & 
Forestry
 

Chiba University
 
Kikko Foods Corporation 
Kirit Brewery Co., Ltd. 
Kyushu University 
Nagasaki AgricuItural & Forest 

Elxperimcnit Station
 
Nagoya University
 
Okinawa Tropical Agriculture
 

Research Center
 
Okinawa Federation of
 

Agricultural Crops
 
Shizoka AgricuItural
 

Experilnental Station
 
lakii and Company, Ltd.
 
I. 	 Sakaia & Company 
Tsukuba 	International Agricultural 

Training Center 

Jordan 
Jordan Valley Agricultural Project 

Kenya
 
Agricul rat Office Dept.
 
loiboluli Coast Workshop for
 

the Htandicapped
 
l)rylad lartning Research aid
 

I)cvelopiient Project
 
Istitute for Rural Development
 
Ihlicrlaoal Critic or Insect
 

Ihysiology and Ecology 
Karainoja l)eselopllellt Plograninie, 

Moroto I lcadqiiarters 
Ministry of :grictlture and 

LIisctock 
National IHorticultural Research 

Station 

Kiribati 
Kiritoati [ic; (Office 

Korea, Republic of 
AVRI)( Korean Su-'Center 
Ireeding Institutc of I long Nolng 

Seed Co. 
(iyeongsang Nalional University 
.eo inamn National lijni ersiiy 
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Korean Advanced Energy Research 
Institute 

National AgrictIlturatl Cooperativc 
Federation 

Office of Rural Dvelopment 

Lesotho 

P'lenty Agriculture Project 


Liberia 

Central Agricutural Research 


Institute 


Ministry of AgricLt lire NCRDIP 

United States Aid for Internalional 


Development 

Malawi 
Burnbwc Research Station 

Chitedte Research Station 

Lilongwe Agricultural 


I)evelopment Division 

Snallhotlcr Sugar Authoritv 


Malaysla 

Agriculttre Research (Centrc 

AVRD C MIalas'ian )itreach 


Prograii 

Fccria i-Sit Ulu Itcrang 

Malaysian Agricultural Research 


and l)e.etoptcnt Imtilute 

National ttisersit. of Malaysia 

Tarat Experitieti StaLtiot 

Universiti iertaiiatt 

Westcch Sdn. Itid. 

Martinique (France) 
Institutei di techercthes 


agrLtom iiqtes tropicales el Lie 

cittiLit.es %icres 


Mauritius 
Ministry( of Ag i ictiti tire, "istheries, 

aind Natuiral Resources 
Sugar lndtttsrv Research tnstitute 

Union Sutgi r Istate. I 0. 
UIiivet,,iti of Matriiti, 

Mexico 
Aliniettos del itcile,', S \. dtJ 

C . V. 
Jefe t)el l)cplo Ag'otltolllico 
Nationtal itotitite tor Aprictilual 

Rcs,,'iilCh 

Ie Rhe
ockcellcr totiiditioti 

Morocco 
Instillle of .\gi tt lllt, IL1,,.Li Itassan 
Itislitli niaitinLi tit Ii tatc 

aigilLonnique 
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Nepal 
inslitet of Agriculture and 

Animal Science 
Vegetable I)evelopmen I)ivision 

Netherlands 
iBruninrsma Selccliebcdrijvan II. V 
Deruiter Zonen I1. V. 
l-nia Zaden de Enkhuizer 

Zaadhantll 13. V. 
International Service for National 

AgricuIIti ral Research 

Nickersott-Zaan 13. V.
 
NutLhcns Zadet iB.V. 

Roylt StiLs Seedl
rLooLYCoL 

SiL~is & (;roLot 

New Zealand 
iHlastings IHorticultural Research 

Station 
ttotticLltutal Research Centre 
NIinistry ofAgricuLt rc& Fisheries 

Nicaragua 

iaiwait [ectticatl Mission 


Nigeria 

AtiaduIlclo University 

I-kiti-Akoko Agricultural 


I)eveloprient Project 
Internatiotatl Institute of Tropical 

Agrictilttire 
Korokorosei IP/.\ 
Ministry of Agticilitural & Natural 

Resources 

Natiotal tlonictilitial Rescarich 


instittite 

O)oro ltloeties I.iitited 


Oman 

( )iat Moderni larin 


Pakistan 

Alrictittural Research islittite 

Atomic lnetgv Agrichiial 


Rescailh (entre 
Naitolal Aeticuhtlral Reseatchli 

cir 
Ntuclear Istitite tot Agrictlhure 

aid IlioloL\ 
lecliiicai Setslces Assoc. 

Panama 
lanii Coloido Nalional 

%hloiiitieIi V.I RI 
hlSitsII tite hjisestigacilon 

Apg lecuari;i d i lattalitta 
Sitjtnithtiniat I rtopical Research 

Itslitilie 

Papua New Guinea 
Department of Primary Industry, 

-Laloki 

Paraguay 
Servicio Agropecuario, Chaco 

Central 

Peru 
Exportadora Pumas S. A. 
Nacional Leguininosas ie (iano 
Universidad NationiuI Agraria 

Philippines
 
Abra Irrigation Project
 
Aleneo de Davao University
 

AVRi)C Philippine Outreach
 
Project 

iBelinan Research Station
 
13otauique Philip)pilnes 1ic.
 
Bureau of IPlant ILdustrv
 
Cagayan State University
 

Carcon )evelopment Corporat ion 
Diocesan Adult Traitning Center 
IRN Agriciltural Services (Phil.) 

hc. 
Institute of Planit Bl ,:din 
Iiternational Rice Research 

Ittstitute
 
Isabela State University
 
Mottntain State Agricutltural
 

College 
Mitistry of Agrictiltire 
Milndantao State University 
Mariano Marcos State University 
Negros Magltesitini Co., Ltd. 
Northern Mindanao State Institute 

of Tecthrtology
 
iPalawan National Agricultiral
 

College
 
Philippines (omicil for
 

Agricutural aild Resources
 
Research and i)e'elopmeit
 

i'thilippine Packing (orporation 
Iiilippine Root (rop Research & 

Training (entel 
Philippine Rural life (.'enter Inc. 
Pore io)od Corporation 
Ranl Magsavsay Award 

i ouLLdationl 

RAM Fotd Products, Inc. 
Regiona.l Crop iProtection ('enter 
Riser, Land & Sea I)etclopinent 

Corporation 

Satn Carlos iPlaniters .\ssociationi 
Sotithern Satiar Agrictiitiral 

C llege 
larlac I)e'ethlpteniit Corptnialion 
Techiology Resoiirce, Center 

http:IL1,,.Li
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University of the Philippines at 
Los Banos 

University of Southeastetn 
Philippines 


Visayas Stale College of 

Agri cultirc 


Puerto Rico (USA) 
1ropical A ,ritiltlire Research 

Station 

Qatar 
IndustrialI )cselopnicnt Tech nical 

Uente[ 

Reunion (France) 
Instittit de recherclics 

ag-onomnilus t ropicales etdes 
cultures siviercs 

Saipan (Marianas Islands) 
Common .. hthof [lie Northern 

Mariana- iaiid 

Samoa, West 
Anerican Sailloa l ll.unity 

College, 
Pacific Agriculitiral (ostilIancy 

Service I oited 
Sarlioan-(ermari (Crop 'rotection 

Project 


Saudi Arabia 

Depart meit of Agr icultuand
ic 

Water 


Riii Sady 
Mini,Iy li Agricuilt ire and Water 
Qassiii ,Ai-liiciilie Research 

('elite 


i 

5!ii tuii Ecuonmic Cooiuperaition 

U.S-Saudi ,\abianJoint onii-

Senegal 

Ilstitlte s,,legalaid ce recherchcs 

agricoles 

Seychelles 

Girand Anse phial iood 

Produclion (entel 
Niristry iif Natitrnal I)evelopiiieilt 

Sierra Leone 
Agricultural Snlicatcs 

Il)evelhnciiint Pr ojcci 
Mintistly of Agrictlll ile & I'tretrv 
likoiikt Agriciluril I ldlsilill 

(elter 
Ulisersily ohSiet a lione 
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Singapore 
Coleman Transport Corporation 
Prinar' Production Department 
Sembawang Field Experimental 

Station 

Solomon Islands 
Taiwan Technical Mission 

South Africa 

Grain Crops Research Institute 
Iorticultural Research Institute 
SAR C(_US 
University of Fort Itare 
University of Stellertboswh 

Sri Lanka 
Agricultural Research Station 
Agricultlural Settlement Project 

Central Agriculttal Research 
Institute 

Department of Agriculture 
La st Coast Rehahilitation Project 

iflalgashena Estate & l)airy 
larikei Ceylotn lintited 
kegional Agricultiral Research 

Centre 
Soybean Food Research Centre 
University of Peradeniva 
Yaliapat h Endera Farming Centre 

St. Kitts & Nevis 
l)epartment oh Agriculture 
"ia+lchirical Nissioni 

Ejive siS. LciaAgricultural 
C(aribbean Agricultural Research 

and )evelopment Institute 
laiwan Technical Mission 

Sudan 
MinistrSdChiaug onAgricultureNMittis try of Agricu tlire arlid pr 

Natural Resources 
Voluntary Service Group 

Suriname 
(oranijnpilder Serie A. No. II 

SwL."'end 
Malkerns Research Station 
Nestole lioduct Technical 

Assistance Co., ltd. 

laiani Iechnical Nission 

Scilter ies Ieppes 

I iersity Of Swazilaid 

Tahiti (France) 

(Groupenent d 'cudcs ct de 


recherches pour le 
developpement de l'agronomie 
tropicale 

Taiwan 
ACE Seed Company 

Asian Exchange Center, Inc.
 
Chiayi Agricultural College
 
Formosa Seed Company
 
Fu Jen University 
FFTC/ASIPAC 
I-Iualien District Agricultural 

Improvement Stiation 
l-Chang Food Company 
Kaoltsiung District Agricultural 

Itprovement Station 
National Chung Hsing University 
National Taiwan University 
Tainan District Agricultural 

Ihprovement Station 
T.aiwan Seed Improvement Station 
Taiwan Pineapple Corp. 
Taiwan Sugar Research Institute 

Tanzania
 
Ilonga Agricultural Research
 

Institute
 
Ministry of Agriculture
 
Regional Agricultural
 

)evelopmnt Office, Tanga
 
University of )ar Es Salaam
 

Thailand 
AVR)C Thailand Outreach 

Program
 
ADAVS International Ltd.


Cooperative

Ascu ati ve
 
AercTaio L 

Bayer Thai Co.. Ltd.
 

Chiang Mai Field Crops Research
 

Centter
 
Mai University
l)epart men t o~fAgricuhiuLre 

lagehart IIortiicultural 
Lxpeitieit Station 

ICRC 
Kasitsart University 
Khion Kacn University 
NIac Joe Institute of Agricultural 

Tech. 
Ministry of' Agriculture & 

Cooperative of Thailand 
Phitsanilk Field Crops Expt. 

Station 
Prince Songkila University 
Puwin & John Limited Partnership 
Royal Food Processing Factory 
Universal Food Co., Lid. 
Watershed )evelopment Project 
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Trinidad and Tobago Education Concerns for ECHO University of Illinois 
Caribbean Chemicals anid Incorporation Ilunger University of Missouri, Columbia 

Agencies, I.td. Organization University of'Wiscmisin, Madison 
Santana Services, l.d. Ferry Morse Seed ('onipaniy 

Goldrnitih Seeds, inc. Uruguay
Tunisia -1. J. icifii Co. Centro de IhOestigacio nes 
Ni nistry of Agricultire I1P1)O (raduatc School Agricola, "Alherto Ioerger" 

Joseph Harris Co., Inc. 'laiiwkan titi ncal Mi.ssion
 
Turkey Kansas State University
 
Ziraat lakmltesi Keystone Internattional Seed Co. Virgin islands
 

Land Otakes, tie. Virgin Island (ooperaie 
Tuvalu Louisiana Slate Uniiersit, ' Exteision Selsice
 
Agricultural Statioti Nichigan Stalte tJtiiversity Water IsleBtt:anical Garden
 
Mini,try of- (ommerce & Natural Mississippi State lnisersity
 

Resotrccs Mhoran Inc.Seed, Yemen Arab Republic 
Nickerson iI Seed% Elkod R,search Center 

United Kingdom Ohio State University Ministry of Agricltwrt & Fisheries 
Charles Sharpe & C'v. 1I1c. Otklahoma State Unkiersily Seiyun Research Ccintre 
Gonsn' So rtex,It d. Pet 0 Seed (o., t11c. 
Kasaka Limited P~urdue Uniiversity Zambia 
National Vegetable Research Sil it 1hiottiaii fropical Research National Irigation Research 

Station Instilute Station 
'l.xas A & N Jinicrsitv The National Food and Nutrition 

USA US Il)earitimeit of Agric. Uinitcd ('omminissiotn 
A. I.. Castle, Itc. States Aid for tnternatiotal 
Agricheni Industries, Inc. l)evelopment Zimbabwe 
Agrigenetics Cirrpiiatio tU1iersily of Ari aut Chiredzi Research Statio:n 
All. (hristiaison Seed. Co. University of (alifornia Department of Agricultural, 
Asgrown Seed ('ompany nttiversity of Itorida 'Iechtical & Extension Services 
11IN Rescach University of (corgia Horticotlural Research Centre 
Btrigham Yontmg tJniversity University of' I lawaii, 1-io Rattray Arnold Research Station 
Calgelle, t11c. University of I lawaii, Manoa 
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Publications Available 

How to Order 

The publications listed below can be ordered from the AVRDC Office of 
Information Services (OIS). Most are available free of charge and vill be posted 
upon request via surface mail. If airmail delivery or multiple copies are required, 
please check the price list located below. 

Some charge is required for publications marked with an asterisk (*), i.e., 
symposium proceedings and progress reports (starting 1983). Again, please consult 
the price list. All cirges should be naid with a US dollar check (payable by a 
bank ]n the US) made out to AVRIDC. 

Notice to Librarians 

Single copies of all AVRI)C publications are available to libraries free of 
charge. If more than one copy is required, or if our records show that your library 
received a free copy in the past, you will be charged for the publication at the 
"additional copies' price listed below. All library copies will be sent by surface 
mail unless otherwise indicated iu your request. Please consult the price list for 
airmail charges. 

Price and Postage 
Publication Standard Additional Airmail Postage 

Price' Copies - (per copy) ----
Asia Africa, Americas 

includes surface postage Oceania Europe 

Pre- & Post-harvest Vegetable $ 6.00 $ 5.00 $2.00 $ 3.00 
Technology Proceedings 
Murigbean Proceedings $10 00 $ 8.00 $3.75 $ 6.00 

Tomato Proceedings $10.00 $ 8.00 $4.50 $ 7.25 
Chinese Cabbage Proceedings $15.00 $12.00 $7.50 $13.00 
Sweet Potato Proceedings $15.00 $12.00 $8.20 $13.00 
Soybean, Tropical & Subtropical $18.00 $14.00 $8.20 $13.00 
Cropping Systems (2nd edition) 
Progrss Report (before '83) Free $ 3.00 $200 $ 3,00 
Progress Report (after '83) $10.00 $ 8.00 $7.50 $11.50 

Agromyzid Flies in Java $5 00 $ 4 .00 $200 $ 3.00 
Monographs 	 Free $ 2.00 $1.00 $ 1.00 
litrary c(i)le, free ,1i,rr (m th;V rAVR I ! i,;,, l recev all AVH[)C jtlcaonsIII 	 l 

Journal Paper Reprints 

JP I 	 Mackenie, 1). R., I.. tlo, 1. 1). Liu, Henry It. F. Wi and E. 13. Oyer. 1975. Pholoperiodism 
of munghean and four related species. I-ortScierice 10(5):486-487. 

JP 3 	 Wu Henry II. I'., '. I. Yu and T. 1). Liou. 1974. IPhyviological and biochemical comparisons 
of sweet potato varieties sensitive ('lai-L.ng 57) arid Insensitive (Red-Tuber-Tail) to chilling 
temperatures. Bull. 12, Roy. Soc. of New Zealand, pp. 483-486. 

http:lai-L.ng
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JP 5 Mew, -pin C., T. C. Wang, and T. W. Mew. 1975. hnoculuI production and evaluation ofmungbcan varieties for resistance to (C'rco.sypracanescens. Plant Dis. Reptr. 59:397-401. 
JP 6 Mew, T. W. and W. C. Ho. 1976. Varietal resistance to bacterial wilt tomato.in Plant Dis. 

Reptr. 60:264-268. 
JP 7 NMew, T. W., W. C. Ilo and 1L.Chtu. 1976. Inffectivity and survival of soft-rot bacteria in Chinese 

cabbage. Pllhytoat hology 66:1325-1327.
 
.11P9 
 Mew, T. W. and W. C. Ilo. 1977. FIect of soil teinperature on resistance of tomato cultivars 

to bactetrial v, it. l'hyvtopathlogy 67:9019-91 1. 
JP 13 Opena, R. T. and S. Ii. I.o. 1978. Dcivation of ruatroclinal diploids in Chinese cabbage and

evaluation of their ,igntircancc in breeding..J. Amer. Soc. flort. Sci. 103(6):800-823.
 
JP 15 Shaiiiugastidar:ini, S. and 
 Saison C. S. [son. 1978. Photoperiod and critical duration for

lower inductioi ill soh'eall. (rop Sci. 18:598-601. 
J P 17 Kio, (. (i. and I.. S. lsa,. 1977. Iliopa.itiii, (hinese cabbac by axillary bud culture. 

I lortScience, I 2(5):456-457. 
JP)20 Talckar, N. 5., I..I. Sun, L.Ni. I cc, J. S. (licn, T. M. Lee and .. Lu. 1977. Residual behaviorof seseral ilecticidc, ol (hiflcs cabbae. .1. [con. Intoon. 70(6):689-692.
 
,JP 27 Kio, (. 
 (I.,M. (C. If. Junl and S. (. S. [sou. 1978. Translocation of "C-photosynthate ini1nll1ibean dlllilnL_ the reploductivc period. l lortScience 13(5):580-581. 
J11 29 lin, '. I . '. II. Want',and (). C. Np. 1978. Rcsislance iii Chinese cabbage io turnip mosaic

viis. Plat l)i. kct'i, . 62:061-662. 

JP 31 Villiarel, R. 1 . 1979 ,.se of ,\,cet potato Uhpotoc'u hatuta.s) leaf ti)s a.s vegetables. Expl. Agric., 
15(2):i 13- 27.
 

J I 33 Vi~lareau, R. I( iseivatmionil inmiltiple cropping in 'l'aiwaiin. 'hilipp. .I. Crop Sci. )(3):129-136. 
.IP 34 \illareal, R. I.. I,)7(.. I lie philosophy iii the toiato atd swect potato breeding programs of the 

Asiani Veetable Research and I)evelopennt (enler. P'hilipp. J. Crop Sci. Jan-March 1976:32-35.
.11P36 Cowell, Roetl C. I1970. \'c, Lable Research iniSoutheast Asia: he Asian Vegetable Research

and )evelopeent (enter. , ickliing Vols. 5 & 6.[nilt iLatdlicher. 

JP 38 l1o, I 'ollnrard. 
 1976. Soic aspcts of sed prod ctitiot atid dist iiitioir inAsia. Seed T'ichnology 

iii the litpics 179-205. 

.1P 39 Villarcal R. I., S. K. Lill llil S. I. 1ai. 1979 Variatiotis iii the vieldinug ability of sweet potatolittdct drorright srtiea', titiltilini itipuit Ctindiltiins. IlortScience 14(l):31-32.
 
.11' 40 Villaleal, R. I ., S.(. Isoii, S. II. 
 Lai :iand I. I. ('hi. 1979. Selection criteria for eating (uiality

ill sciied ,\%cci oiiltirooits..1. Are. Soc. [torlt. i. 104(1):31-33.
 
.I1 -11 Yang, C. Y. 1977. 
 Past aid picsiit Sliidics of' soybean rust incited by Phakopsora pachYrhizi

Syd. Bull. Iist. Iroip. A r. Kvushl lJ(niv., Japan. 2:78-94. 
.I1 -12 ( 'ow ll, R. I . ird (C. I..I ilh. 1978 . lrrtriaiional rcsearch iii agriculture. Spain 21(3)104-106. 
.11P 45 ()lueita, R. I. arriS. 11. Ilo. 1979. ( , ireties of icat tolerantce itt heading Chi,iese cabbage.

hlt iScieilc, I-- 1M :33-34. 
.I1 46 Slitiuidaiarii, itl lie photo-periodic response5. 1971). \':rriatioil 
 of several characters in

sryh.all, C /t- e mt.x (I..) N\lert il. ]iphyl tica 28:495-507. 
.I1 48 Riley, ltllc, .1. aidi MClc R. Mclicay. I)78. Jii.sise agrictultural praetiees in Asia. J. Food 

Ploc. anid I'rc,. 2:197-2(13. 
.11' Villarcal, R. IS S. K. Iitn. I..S. (Char,v and S.49 II. Lai. 1979. Use of sweet potato (lpomoea

b aua/as) leaf tip, as ,ciealhles. I!.\pl. Agric. 15:113-I 16. 
.11' 50 1Itibbel, ohn N.. h. 1980. I Icger niplasti accession iniformation system ait the Asian Vegetable

Research ind I)eelopitiemit :-nter (AVRI)C). -IortScience, 15(1):17-21. 
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JP 51 Tschanz, A. T. and T. C. 1980. 

photoperiod sensitive itd day-ricutral .oyhcars. Iln: Proceedings of 


1ang. Initfluiences of night temperature on tie flhweriirg of the 
legume it, the Tropics.Faculty of Agriculture. Universiti Per tanian Malaysia, Serdaig, Sclrgor, Malaysia. p. 53-66. 

JP 52 Shanutugasundarar, S.,and M. S. Lee. 1980. !nflhcncCs of llight temperature on the floweringof the photopcriod sensitive and day-neutral soybcan,. Ili: lProceeeriol.cgumcil the Tropics.Faculty of Arriculture. , rilveriti lPercani Mtlasia, Scrdhn, Sclantio-, Malaysia. p. 53-66. 
JP 53 KLo, C. i., It. W. (hen. 1980. l 'hsiolocical respon..s oftonlatocultivaw to flooding. I. Aner. 

Soc. iorl. Sci. 105(5):751-755. 
Jl) 54 Kiro, C. G ., J.S. ,ay, C . . ls:i an R. .I. (hen. 1981. '1 pblrn of . thircsc cabbage ill relationto calcium nutrition llld dl;'rihutior. Sccutia I loflic. 14:131-138. 
J.. 55 S. and %I.S. Icc. 1981. [lower-iducin v ocncvof difterent kinds of leavesit soybean, (;IYc.,M MO (I..) Nlel. ll i. (iaz. 142(I :36-39.
 
JP 56 
Chin, Michael. 1980. .\dmiuisrralion of a resatch ccncr inder corsrraints-some ways af cutting

costs. Entwicklinw I a1udlicher rntum 5:5-9.
 
Jj) 57 
 Riley, .1. 1. and .I. (. Nlomtnaw. 1979. Vegetable lrodltiorl in iropical Asia. The Conference on "lopical h'oods Clctitry and Ntitrition. honolulu, Hawaii, Nlarch 28-30, 1979.
 
.IP 58 Ktio, C. (i., I". I. lUsu, .1. S. lsav and 
 I. G. Park. 1980. Variation in specific leaf weightand Rl)PCa,c acri',in': ill imingbcan (Cain. .1. Plant Sci. 60: 1059-1062.
 
JP 59 Chiarig, 
 II. S. ard IN. S. Talckar. 1980. !dcntificatit of ,,,urces of re.;istance to the beanflyantd two olther agrolv/ird 1lies in beanso ;nl iringear. J. [con. Entoi. 73(2):197-199.

JP 60 Kuio, C. 6., .. S. 'ent 
 and J . S. [say. 1981. Effect of high temperature orl pollen graingerminatio, pollen ttube cros mid sccdth, yicld of' Chinese cabbage. tlotScicnce 16(l):67-68.
JP 61 Inouye .1. and (. (6. Kio. 1981. [lowcr initiation of' Brassica species under total darkness. 

HortScicncc 10(2): 192-191. 
JP 62 Vil'rCal, R. 1. and S. I. LIai. !98 !. ('uhni vat rcsponseW, of toriiatoes to rclas cropping. IIortScience 

16(4):552-!53.
 
Jj) 63 Kio, C. ( i., NI. 1l. Ihou ,id I1. ( 
 . Park. 1981. FEffCct of Chinese cabbage resid Ie oin ruinbigean.

P11. and Soil 01:473-477. 
JP 64 Talekar, N. S. arid Yio I lIa ]Ii. 1981. 'Ivo ,otircs v.itl diff.. ig ironcs of rcsisaklice to (allosobrrusc, c/tin'owi in mniughean .1. [con. filtori. 74(5):u39-642.
 
.Jl 65 .Shantrnirailat, 
 S. 1981. VariCt, dilfcIcrCCS arid genetic behavior for the photoperiodicre-ponsc.S in soybeaM,. Bull. Intl. Vtop. Agr. Kvtuslmr Univ. -1:1-61.
 
.1P 66 nio, C (i., .1. S. lsay, I1. W. (hen and P. 
 Y. lin. 1982. Screernir for flooding toleranceiii genus Li-cofetr.sicon. IloriScience 17(11:76.78. 
JP 68 Kuo, C (i. and R. S. Irnang. 1982. I fhccL 

t 
of vsicula-at buc ilahuicurrhi/at oir the growthand yield of iice-stubble cultuCd s Oans.be ll. and Soil 6-1-325-331.
 

JP 69 Talekar, 
 N. S. 1982. ElLect, of swetpotoih wccvil (( o/folrra: Curculioitlfc) infestatiun
sw.cl IMtato rot %icfds.I. I-con. .huri. 75(6):10-12-i044. 
otl
 

JP 70 
 Talekar, N. S. I983. lrItestaltiill ot swct. potatilo vccvil ('olpe,'ra : . Ctrcudiooidu ,) as innrthcncedby pes. manaeirncrit eclnititics. .1. Ecor, citrntr. 76(2): 3-12-344. 
JP 71 Tsay, J. S , \\. I . Kilo ard C. (). Kio. 1983. Er.'r'nlcs involved ill starch synthesis in thedeveloping munhean sccd. lvv ochcmrsry 22(7):1573-1576.
.1P 72 Talekar, N. S., .1. S. ( hen alld If. I . Kot. 1983. I.,uit-tcr i prersistence of elcctcd inscicidesin subt opical soil: Iheir ihhsollption by crop flairts. .1, Econ. lintom. 76:207-214. 
JP 73 Talckar, N. S....S. ( hen arid II. I. Kao. 1983. lcrsistncc ,1' fenvalcrate it stubtropical soil.

J. [con. 'intorn . 70:223.22 . 
JP 74 Talekar, N. S., 1I. r1. Kao aitd .1. S. (lien. 1983. Persistence of Icitvaleratce in subtropical soilafter repeated biweekly application over two years. .1. Icon. i-ntonit. 76:711-716. 

http:70:223.22
http:17(11:76.78
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JP 75 	 Sajjapongse, A. and Y. C. Roan. 1983. Effect of shading and leaf-tying on summer Chinese 

cabbage. HortScience 18(4):464-465. 

JP 76 	Talekar, N. S. and 13.S. Chen. 1983. Seasonality of insect pests of soybean and mungbean in 

Taiwan. J. Icon. Fntom. 76:34-37. 

JP 77 	 Talekar, N. S. and [A.S. Chen. 1983. Identification of sources of resistance to limabean podborer 
(Lepidopter.'vralidae)in soybean. .1. Econ. Entom. 76:38-39. 

JP 78 	 Rueo, i1. S. 1983. ltegrated control of' Afeloidogne incognita on tomato using organic 

amendments, marigolds, and a nematicide. PIt. Dis. 67:671-673. 

JP 80 Kuo, C. (i. and C. T. Tsai. 1984. Alternation by high temperature of auxin and giberrelin 
fruit of tomato. HIortScience 19(6):870-872.concentrations in the floral buds, flowers, and young 

J[P 84 Green, S. K. 1985. Turnip niosaic virus strains in cruciferous hosts in Taiwan. PIt. Dis. 

69( 1):28-3 1. 

JP 85 Bouwkamp, .1. C., S. C. S. lsou and S. S. NI. Lin. 1985. Genotype and environment effects 

on the relationship between protein concentration and trypsin inhibitor levels in sweet potatoes. 

HortScience. 20(5). 

Technical Bulletins 

III I Menegay, NI. R. laiwan's specialized vegetable production areas: An integrated approach.
 

I'l 2 Nlencgay, I. R. IFarm management research on cropping systeis.
 

I'l 3 (alkins, P). II. 1liom approaches to risk and Un1certainlty for use in farm management extension.
 

II 4 (all ins, 1). il. Farner", viewpoint oil s',seet potato production.
 

T' 5 Calkins, P). ;!. Vegcetable consumption in five TEuiwan cities.
 

'Il 6 IHiuang, S. Y. aidi1. IH. ('alkins. SuImcr tomuato production in Taiwan.
 

TIl 7 lImang, VK. K. and P1.H. (alkins. Vegetable production in Taiwan: A survey of 300 farmers.
 

1-I3 8 (alkin,, 1). if. Why farmers plai what they do: A study of vegetable production technology
 
ill aiwai . 

II 9 (alkins, P. I. aLd II. N1. Wang. Improving the marketing of perishable commodities: A case 
study of selected vcgetablcs iii Taiwan. 

I'll If) alkins, P. 11. and S. 1I. I. \Vhiic polato production in Taiwan: A farn survey.
 

TI II ( alkil:., P. If. Soybcan production ill laiwan: A farin survey.
 

TI 12 Riley, Jaimcs I valmatlion of cnvirneiiimntml parainers in the humid tropics for crop scheduling
 
purposes. 

T13 13 .. Varictal development gerniplasm in soybean.Slanmugasundaram, and utilization 

Il 14 (aldwell, .1.and 1). W. Newsonm. Vecetable consulmption and production in two municipalities 
in Ilocos lNortc, Philippines. 

TIl 15 (ircen S. 1K.(iidelines for di:ginostic work: in plant virology. 

International Guide Sheets 

78-63 Park, 1-1.(i. Suggcsted curmral practic.es for iungbean.
 

78-64 Park, II. (i. Procedures for ltlngbean evitiation trials.
 

78-65 Villare; l, Ruhen L.. Pollen collector.
 

78-66 Riley, James .1. AVRD)(' cop cnvironmelnt.
 

78-101 Villareal, Ruben I . and S. I-. ILai. Procedures to coordinate tomato evaliation trials.
 

78-112 Shannugasundarani, S. Suggested cultural practices for sweet potato.
 

http:practic.es
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79-121 Hubbell, John N. Suggested ,'Itural practices for soybean.
 

79-125 Shanmugasundaram, S. Procedure:, for soybean evaluation trials.
 

79-127 Kuo, C. G. Suggested cultural practices for tomato.
 

80-134 Villareal, Ruben L. Procedures for sweet potato evaluation trials.
 

80-144 Opena, Romeo T. Procedurcs for Chinese cabbage evaluation trials.
 

81-150 Opena, Romeo 1'. Cultural practi,:es for Chinese cabbage at 'VRDC.
 

85-234 Kuo, George C. Handling of sweet potato germplasm.
 

85-238 Kuo, George C., S. l.in and S. Green. Sweet potato geriplasm for international cooperators.
 

Annual Progress Reports 

i976 Report 
1977 Report
 
1979 Report
 
1981 Report 
1"'92 Report
 

1933 Report*
 
, 1984 Report
 

Progress Report Stmmaries 

1982 Progres'z Report Summaries
 
1983 Progress Report Summaries
 
1984 Progress Report Summaries
 

Crop Reports 

1975 Chinese cabbage
 
1976 Chinese cabbage
 
1976 Sweet potato
 

Symposium Proceedings 

Vegelable Technology in Asia. Proceedings of the workshop on pre-and post-harvest* 

Mungbean: Proceedings of the first international symposium* 

/ lomato: Proceedings of the Ist international symposium on tropical tomato* 

Chinese cabbage: Proceedings of the first international symposium* 

/ Sweet potato: Proceedings of the first international symposium* 

Soybean: Soybean in tropical and subtropical cropping systems* 

Tenth Anniversary Monographs 

IBressani, Ricardo. World needs for nutrition and the role of Agetables and legumes.
 

Chandler, Robert F. The potential for breeding heat tolerant vegetables for the tropics.
 

Choudury, I. Vegetables ald the quality of life in the year 2000.
 

hines, N. L. lreeding field vegetables.
 

[iu, M. S. and Paul C. Ma. Postharvest problems of vegetables and fruits in tie tropics and subtropics.
 

Wittwer, Sylvan 1-1.Frontiers for science and technology in vegetable production.
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Miscellaneous 

Shanmugasundaram, S., C. R. Yen and T. S. Toung. 1982. Genotypic response to maximum andminimum input in soybean. In: Proc. of the Pit. Breeding Symp., Taiwan Reg. Soc. of SABRAO and 
the Agric. Assoc. of China. 
Talekar, N. S. 1980. Search for host plant resistance to major insect pests in Chinese cabbage. In: Proc. on the Production and Insect Control of Cruciferous Vegetable in Taiwan. April 17-18, 1980. Pit. Prot. 
Center, Taiwan, Taichung, Taiwan.
 
Talekar, N. S., 
 H. C. Yang, S. L. Lee, 13.S. Chan and L. Y. Sun (Compilers). 1985. Annotated
bibliography of diamondback moth.
 
Villareal, R. L. 1980. Linking basic research 
 to crop improvement programs in developing countries.
In: Staples, Richard C'.and Ronald J. Kuhr, eds. Linking Research to Crop Production. Plenum Publ. 
Corp. 

Weed Control: -lerhicide e\vluation tests. AVRDC, Shanhua, Tainan, Taiwan. 
I Goot, P. van der. 1930 &Reprint 19846. Agromyzid flies of some native legume crops in java.* 

Newsletter/Bulletins 

Centerpoint-This bulletin published every four months provides up-to-date information on AVRDC 
research, training, publications, etc. 
Soybean Rust Ntvsletter-'lhis annual newsletter is published by the International Working Group on
Soybean Rust through IVIS.
 
TVIS News-Prepared by the 'fropical Vegetable Information 
Service through AVRDC and publishedtwice a yeai. It provides a platforn of exchange of information for scientists working with mungbean,
soybean and Chinese cabbage. 

* Consult price list for charges. 

' These books are avilable in: 
North America from-- Europe from-

Agribook tore Verlag Josef Margraf
IAD.S Operations Oberwiesenstrasse 32
 
1611 North Kent St. 7000 Stuttgart 75
 
Arlington, Virginia 22209 
 Fed. Rep. of Germany 
USA
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Seminars 
The following seminars were presented in 1984 by Center staff and guest speakers. Please note 

that seminar papers are not available for distribution.
 
January 6 - Vegetable Industry in the Netherlands, D. V. Castro, 
 Training Specialist, AVRDC. 
January 12 - The Improvement of Tropical Tomato through Backcrossing, Kozo Toshimitsu, Research 

Fellow, AVRDC. 
I-ebruary 9 - Breeding Goals for Sweet Potato in Asia and the Pacific, Steve Lin, Sweet Potato Breeder,

A V R )(.
 
February 19 - The Relationrship between 
 NH,-N and Chinese Cabbage Tipburn, Chin-hua Ma, Principal

Research Assistant, AVRDC. 
March 15 - INTSOY Microbiology: The Past, Present, and Future, Chris Stearn, AVRDC Soil . icrobiologist, AVRDC.
 
March 22 - Plimit-Plant 
 Interaction in Taiwan Agro-ccosvsteims, C. H. Chou, Institute of Botany,

Academ ica Sin ica.
 
April 12 - The Fffect of L.eaf Tying and 
Shading oil Stuniner Chinese Cabbage, Adisak Sajjapongse,

Crop Managemenrt Specialist, AVRDC. 
April 19 - Plant Tissue Applications in Agriculture, Huanig Li-chun, Academia Sinica.
 
May 3 - Farming System 
 Research, Linnea Karlsson, AVRIlC. 
May 31 - Action of ('Iowtidium perfringens phospholipasc C on membranes, M.tumor cell H. Lee,

National Taiwan University.
 
June 7 - A Computerized Sytem 
 for Field Experiments, NI. Nagai, Biometrician, AVRDC.
 
June 14 -Seed Production and Storage of 
 Some Brassica Camlwstris Subspecies at AVRDC, A. M.

Dourado, AVRI)C. 
July 2 - Vegetable Production and Management in Vcstern Australia, Terry Hill. 
August 16 - Chemical & Nutritionai/Agriuhtltnij Studies of Sweet Potato and Other Root Crops intle South Pacific, J. Howard Bradburv. 
September 4 - Theoretical Research and Applied Research - A Review of My Research Method, Chang-chi

Chu. 
October I - Nermatodes Iredifspose 1l;its to Bacteria, Niraiiit Pratoomrat.
 
Novem brc 
 I - Veectable Research and Production in West Malaysia, Chang-chi Chu.
 
November 6 - Icorpoialio 
 o'f Multiple Dis--asc Resistance in Murgbean through Interspecific

Hybridization, 1. A. Salyan. 
November 8 - I-Iotroral Studies oni tire ti1d Dormancy Problems in Subtropical Viticulture, Cheng-yung

Cheng, National laikan University. 
November 22 - I)omn ott the farm. A ocumentary on Farming Practices in US,the Chris Stearn,

A VI)C. 
December 13 Sexual harrier of Crops inllPost-Pollination, Chou-tou Shii, Associate Professor, National 

Taiwan University. 
December 17 - Physico-Cheniical Properties of Volcanic Ash Soils in Japan, Shingo Iwata. 
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Senior Personnel 

Administration 

G. W. Selleck, Ph.l)., Director General
 
Paul M. H. Sun, Ph.D., Deputy Director Gcneral
 
Michael Chin, 13.S., Director of Administration
 
David 1. K. Chi, G.A., C.P.A., Comptroller
 
Paul Yang, B.S., Superintendent, Buildings and Maintenance*
 
Ann Hwa, Manager, Food and Dormitory Services
 

Chinese Cabbage and Tomato Breeding 

Romeo T. Opena, 'hi.l)., Program Leader (1-orticulture) and Plant Breeder (tomato)
 
Lien-cluing ('hang, B.S., Assistant Specialist
 
.en-tzu Chen, Assistant Specialist
 

MunCbean Breeding 

Chang-Son Alin, Ph.I)., Associate Plant Breeder (mungbean)*
 
Jir,-hu ('hen, B.S., Research Assistant*
 
Ren-cheihi .in, B.S., Research Assistant
 
NIiao-miao I-Hsu, M.S., Principal Research Assistant**
 

Soybean Breeding 

S. 	Shaninugasundararn, Ph.)., P:rogram Leader (legumes) and Plant Breeder (soybean) 
Kun-te Lee, Senior Research Assistant 
li-fen ('hen, N.S., Principal Research Assistant 

Sweet Potato Breeding 

Steve 	S. NI. Iin, Ph.l)., Associate Plant Breeder (sweet potato and processing tomato breeder) 
Ching-hsiting I ung, NI.S., Princifpal Research Assistant 
Chei-shan Cheing, B.S., Senior Research Assistant 

Plant Pathology 

Arnold T "Tschan/, Ph.)., Associate Plant Pathologist (l.egumes), Head Plant Pathology 
'Tien-chreng Wang, B.S., Associate Plant Pathologist 
.liahn-yao Weng, M.S., Principal Research Assistant* 
Nlin-chu Tsai, M.S., Principal Research Assistant** 
Yao-hua Chcng, B.S., Research Assistant 

inr.. i-ning ('hao, M.S., Principal Research** 
Sylvia K. (reen, Ph.)., Associale Plant Pathologist (virology) 

"'ing-chin Deni,, M.S., Irincipal Research Assistant* 
Dar-ren Lee, NI.S., Principal Research Assistant 
Yen-jen Kuno, NI.S., Principal Research Assistant** 

Jonathan F. Yuen, Ph.)., Associate Plant Pathologist (horticulture)/computer specialist 
Hsiot,-chen I-i uang, M.S., Principal Research Assistant 
H-ao-jan liin, B.S., Research Assistant 
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Entomology 

N. S. Talekar, Ph.D., Entomologist
Bor-shyan Chcn, B.S., Principal Research Assistant* 
Li-yu Sun, B.S., Research Assistant* 
Hui-chin Yang, 13.S., Research Assistant 
Song-tay Lee, 1 S., Research Assistant 
Ying-ehr Hong, B.S., Research Assistant* 
Chih-piri Lin, B.S., Research Assistant 
Su-chong Kino, B.S., N cearclh Assistant 
Slang-wcn liwan, B.S., Research Assistant** 

Plant Physiology 

George ('. Kno, lh.l)., Plant Physiologist 
Mci-chen Slien, NI.S., Principal Research Assistant* 
Hi h-jien Shen, MI.S., lPrincipal Research Assistant* 
Huci-nei Clien, M.S., FPrincipal Research Assistant 
Hsiti-clitt ('hen, M.S., Principal Research Assistant 

Chemistry 
SamllSon C. S. Tsou, Ph.D., Program Leader (Nutrition, Environment 
and Biochemist. 

Meng-hucy Yang, M.S., Principal Research Assistant* 
Ktuang-kung Karl, M.S., Principal Research Assistant 
Anna Linnea Karlsson, M.S., Project Employee* 
Shyun-shyun lee, M.S., Principal Research Assistant*" 
Shu-jen Wang, M.S., Principal Research Assistant** 

and Management) 

Garden Programs 

Jack Gershon, Ph.l)., Nutritionist 
Yen-chin Chen, M.S., Principal Research Assistant 
Anna Linnea Karlsson, M.S., Project Employee** 

Soil Science 

Hideo Imai, Ph.D., Soil Scientist 
Chin-hua Ma, B.S., Principal Research Assistant 
Jiunn-yann Lin, M.S., Principal Research Assistant* 
Clhi- hsin Lu, M.S., Principal Research Assistant** 

Crop Management 

Adisak Sajjapongse, Ph.l)., Associate Crop Management 
Yu-chi Roan, B.S., Assistant Specialist 
Mei-huey Wti, B.S., Senior Research Assistant 

Specialist+ 

Agricultural Economics 

Hsu-yu Huang, M.S., Principal Research Assistant 

Soil Microbiology 
William C. Stearn, Soil Microbiologist 

Lee-ju Chen, M.S., Principal Research Assistant 
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Training and Development 

Diosdado V. Castro, M.S., Training Specialist

Sen-hsiung Lai, B.S.. Assistant Development Officer+
 
Yuan Yung, u.S., Senior Training Assistant*
 
Yuan-chin Yang, ii.S., Training Assistant
 
Jia-chi Cheng, B.S., Training Assistant**
 

Information Services 

E. 	 W. Sulzberger, M.A., Information Specialist (Head, Office of Information Services) 
Allen Cambronne, B.A., Information Assistant* 

Library 

feng-hui Hwang, B.A., Senior Librarian 

Experimental Farm 

Teng-sheng TU, B.S., Farm Superintendent 

Seed Laboratory 

Chong Seng Tay, Ph.)., Research Associate
 
Anne M. l)ourado, Ph.)., Post l)octorate Fellow (I13PGR)*
 

Yung-ktang Huang, B.S., Research Assistant
 
Vvcn-hsiu Kuo, B.S., Research Assistant**
 

Statistical Services 

Keiji 	 Kamiyania, B.S., Associate Scientist in Statistics and Computers*
Makoto Nagai, B.S., Scientist in Biometry and Head of Statistical Services**
 

Hsicn-yang Tien, B.S., Senior Computer Assistant +
 
Ming-zcn Chang, 13.S., Statistical Assistant
 

Computer Services 

Jonathan F. Yuen, Ph.)., Associate Plant Pathologist (horticulture)/computer specialist 
Hsien-yang Tien, 1.S., Computer Assistant + 

Bilateral Programs 

Benjamin P. l-egaspi, Affiliate Horticulturist, Philippine Outreach Program
Jung Ho Kim, Ph.i)., Affiliate Horticulturist, Korean Outreach Program
Charles Y. Yang, Ph.)., Oirector and Resident Scientist, Thailand Outreach Program
El Mostafa Saadaoui, Ph.D., Resident Scientist, Malaysia Outreach Program 

I ell ditlig 1it year.
 
Arrived dtting the Year.
 
Sranferred.
 


