




About this report 

The s c i e n t i s t s  a t  the  Asian Vegetable Research and Development Cen- 
t e r  (AVRDC) have been charged w i t h  the  v i t a l  task  o f  developing appro- 
p r i a t e  technologies and improving p roduc t ion  o f  s i x  vegetable crops i n  
the  ho t ,  humid, lowland t r o p i c s .  Al though r i c e  i s  t he  p r i n c i p a l  s t a p l e  
food i n  these lands, AVRDC's vegetable crops a re  e f f e c t i v e  n u t r i t i o n a l  
supplements t o  a r i c e  d i e t  as they supply p l a n t  p r o t e i n ,  v i tamins ,  and 
minera ls .  A d d i t i o n a l  l y ,  these vegetables o f f e r  Asian farmers oppor tun i -  
t i e s  t o  increase t h e i r  incomes and, thereby, enhance t he  q u a l i t y  and 
s e c u r i t y  o f  t h e i r  l i v e s .  

The Tomato Report f o r  1976 summarizes research conducted a t  the  Asian 
Vegetable Research and Development Center (AvRDC) , and i n  cooperat i on  wi t h  
var ious  n a t i o n a l  programs. Persons d e s i r i n g  a d d i t i o n a l  d e t a i l s  o f  t he  
work repor ted  may con tac t  D r .  Ruben L. V i  1 l a r e a l ,  tomato coord ina to r ,  o r  
t he  research worker d i r e c t l y  responsib le .  

Research repo r t s  a r e  publ ished summarizing 1976 a c t i v i t i e s  i n  w h i t e  
p o t a t o  ( ~ o t a n w n  tuberoswn) , Chi nese cabbage ( ~ r a s s i c a  ~ e k i n e n s i s )  , sweet 
p o t a t o  (~pomoea ba ta tas )  , mungbean ( v i g ~  r a d i a t a )  , and soybean ( ~ t y c i n e  
m a r )  . These repo r t s  and o t h e r  t echn i ca l  papers (see page 44) may be 
ob ta ined  by w r i t i n g  t he  O f f i c e  o f  In fo rmat ion  Services a t  AVRDC. Please 
be sure  t o  g i v e  your  complete m a i l i n g  address. 

Data a r e  presented i n  m e t r i c  u n i t s .  Monetary values have been con- 
ve r t ed  t o  equ i va len t  U.S. d o l l a r s .  Tomato y i e l d s  a r e  ca l cu la ted  as f r esh  
weight .  See page 44 i n  t he  Appendix f o r  d e s c r i p t i o n  bf weather and s o i l  
environment a t  t he  cen te r  du r i ng  1976. 

"Check" means an un t rea ted  exper imenta l  p l o t  un less s t a t e d  otherwise.  
A s i n g l e  a s t e r i s k  (*) means s i g n i f i c a n t  a t  t he  5% l e v e l ;  a double a s t e r i s k  
(**I means s i g n i f i c a n t  a t  t he  1% l e v e l .  Pedigrees i n  t h e  AVRDC breeding 
program a r e  i d e n t i f i e d  by a s l a n t  bar  ( / ) ,  e.g. VC 48- l /Manalucie. I f  the  
progeny i s  then crossed w i t h  another  parent ,  t he  pedigree would be des ig-  
nated w i t h  a second s l a n t  bar.  Beyond t h ree  crosses, however, t he  desig- 
na t i ons  a r e  /4/, /5/, e t c .  Commercial chemical names a r e  occas iona l l y  
used f o r  i d e n t i f i c a t i o n ;  such use does no t  imply an endorsement by AVRDC. 

ln fo rmat ion  and conclus ions repor ted  h e r e i n  a r e  s o l e l y  t he  responsi -  
b i l i t y  o f  AVRDC. 

Cor rec t  c i t a t i o n :  Asian Vegetable Research and Development Center 
1977. Tomato Report f o r  1976, Shanhua, Taiwan, Republ ic  o f  .China. 
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Tomato Research Objectives 

* 
Greater y ie lds  under t h e  humid 

condit ions of the  lowland 
t r o p i c s  * 

Varie ta l  r e s i s t ance  t o  b a c t e r i a l  
w i l t ,  tomato mosaic v i r u s ,  
l a t e  b l i g h t ,  and other  t r o -  
p i c a l  d iseases  * 

Increased s i z e  and q u a l i t y  of 
tomatoes produced during 
the  hot season f o r  both the 
f r e s h  market and processing * 

Development of management p rac t i ces  
t o  permit genet ica l ly  improved 
c u l t i v a r s  t o  f l o u r i s h  under 
t r o p i c a l  monsoon conditions 



The wor ld 's  germplasm col l e c t  ion (more than 4050 access ions t o  date) i s  methodical l y  
p lanted and searched a t  AVRDC f o r  heat to lerance,  disease resistance and y ie ld ing  a b i l i t y  
i n  the t ropics.  

Breeding 

Ob jec t i ve  i n  t he  tomato breeding program i s  t o  develop new v a r i e t i e s  
t h a t  w i l l  s e t  f r u i t  d u r i n g  t he  ho t ,  r a i n y  season i n  t h e  t r o p i c s  and have 
h i g h  res i s t ance  t o  such diseases as b a c t e r i a l  w i l t ,  tobacco mosaic v i r u s ,  
and t o  a number o f  fungus diseases. 

Segregating Populations 
Thousands o f  e a r l y  and advanced genera t ion  l i n e s  have been screened 

f o r  r es i s t ance  t o  b a c t e r i a l  w i l t ,  l e a f  molds, gray l e a f  spo t ,  and l a t e  
b l i g h t .  Our tomato segregat ing popu la t ions  are e i t h e r  pedigreed o r  bu lked 
e s p e c i a l l y  those m a t e r i a l s  t h a t  we i n t end  t o  in t roduce  t o  the  na t i ona l  
toma t o  i ndus t r y  . 

Th i s  year a mod i f ied  s i n g l e  seed descent was used as a method o f  
advancing generat ions o f  segregat ing populat ions.  (See 1974 AVRDC Annual 
Report f o r  d e s c r i p t i o n ) .  By fa1 1 ,  1977, we p lan  t o  advance 1000 genotypes 
o f  t he  crosses i n  Table 1 t o  t he  Fq generat ions so F5 s i n g l e  seed descent 
l i n e s  w i l l  be a v a i l a b l e  t o  cooperators  throughout Southeast As ia and some 
o t h e r  t r o p i c a l  coun t r i es  by e a r l y  1978. 

Screening for Heat Tolerance 
Another 8 c u l t i v a r s  w i t h  heat t o l e rance  p o t e n t i a l  were found i n  1976 

AVRDC screen i ng (Tab1 e 2) . P 1 a n t i  ng was done between J u l y  8 and 15 so 
f r u i t  would have t o  s e t  a t  a t ime when minimum n i g h t  temperatures were 
above 22OC, our  d e f i n i t i v e  c r i t e r i o n  f o r  heat to le rance .  
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Table 1. L i s t  o f  segregat ing popu la t ions  advanced through SSD, A V R D C . ~  

AVRDC cross no. Ped i g ree 

1131 VC 48-1/Tamu Chi co I I I //ah TM-2a/VC 11-1 

1169 F lo rade l  TM-2nv/VC 9-1 -2-g// VC 9-1 -2-9 

a l ~ ~ ~  genotypes per cross a re  being advanced. Crosses were made t o  
recombine se lec t i ons  w i t h  heat to lerance,  b a c t e r i a l  w i l t  res is tance ,  and 
res is tance  t o  l e a f  diseases such as TMV, grey l e a f  spot and l e a f  molds. 

Table 2. D i s t r i b u t i o n  o f  tomato germplasm accord ing t o  f r u i  t - s e t t  i n g  
a b i l i t y  when minimum n i g h t  temperatures were above 22'~; 1976, 
AVRDC. 

Observed f r u i t -  
s e t t i n g  

Screening 
prev ious 1976a 

To ta l  Propor t  i on  

- -- - - 

----- (no. o f  c u l  t i v a r s ) - - - - -  (%> 

None 3058 134 3 192 79 

L i g h t  548 74 622 15 

Moderate 163 35 198 5 

Heavy 30 8 38 1 
.......................................................................... 

Tota l  s 3799 251 4050 100 

a ~ l a n t e d  i n  6 sets from Ju l  8 t o  15; 4-m2 p l o t s ;  2 r e p l i c a t e s .  

These 8 b r i n g  t o  38 the t o t a l  number o f  accessions w i t h  heat  t o l e r -  
ance p o t e n t i a l  i d e n t i f i e d  by AVRDC a f t e r  screening 4050 c u l t i v a r s  from 



79 coun t r i es  over the  past  th ree  years. One of  the  new add i t i ons ,  
PI 341155, i s  o f  spec ia l  i n t e r e s t  because i t  bears much l a rge r  f r u i t  than 
any o f  the  heat t o l e r a n t  p l a n t s  found prev ious ly .  

Several o f  our  se lec t i ons  from 1975 were p lan ted  on a  se r i es  of  
d i f f e r e n t  dates t o  check t h e i r  y i e l d  performances throughout the  year. 
Each t r i a l  had 50 e n t r i e s ,  i nc l ud ing  46 breeding l i n e s  and 2  each o f  
f r esh  market and processing c u l t  i v a r s  as checks. Each e n t r y  occupied a  
two-row p l o t ,  spaced 1.5 m between rows and 0.4 m between p lan t s .  

Jus t  be fo re  forming the  beds 40 kg N, 152 kg P205, and 60 kg K20 per 
ha were incorporated i n  the s o i l  as a  basal dressing. One t o  two weeks 
a f t e r  t r ansp lan t i ng ,  the  tomato p l a n t s  were s i de  dressed w i t h  40 kg N/ha. 
A f i n a l  a p p l i c a t i o n  o f  40 kg N and 60 kg K  per ha was app l i ed  four  t o  f i v e  
weeks a f t e r  t r ansp lan t i ng ,  j u s t  be fo re  h i l l i n g  up. 

Table 3. Y i e l d  o f  t h e  best  e n t r i e s  i n  monthly p l an t i ngs  o f  f r e s h  market 
and process i ng tomato breed i ng 1 i nes ; 1976, AVRDC .a 

AVRDC s e l e c t  i on  Ped i g ree  Date o f  t r i a l s  Average 
(o r  acc.) no. ( o r c u l t i v a r n a m e )  Feb-May Mar-Jun Apr-Jul y i e 1 d 

Fresh market tomato: --------------- (t/ha)--------------- 

143-0-48-1 -0 VC 48-l/Tamu Chico I l l  2 0 2 6 12 19 

143-0-6-9-0 VC 48-l/Tamu Chico I l l  17 2 4 9 17 

gd-0-3-6-0 VC 11-1-2-lB/Saturn 15 19 11 15 

l ld -0-2-2-0  VC 9-1-2-9B/Venus 17 18 11 15 

(388)  reen en sk in )  12 7 7 9 
b 

.................................................................................. 
LSD 5% 6 6 4 

................................................................................. 
Processing tomato 

143-0-48-1-0 VC 48-l/Tamu Chico I I I 24 2 6 12 2 1 

143-0- 10-3-0 VC 48-l/Tamu Chico I l l  23 2 1 15 20 

LSD 5% 7 ns 3 

a ~ l l  values a r e  means o f  3 r e p l i c a t i o n s .  b ~ h e c k  c u l t i v a r s .  
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Monthly p lan t ings  o f  both f resh market and processing tomato selec-  
t i o n s  showed a c l e a r  t rend toward lower y i e l d s  as n igh t  temperatures and 
r a i  n f a l  1 began t o  increase (see Table 3 and temperature char t ,  page 44) .  
The new breeding l i n e s  included se lec t ions  from l a t e  b l i g h t  crosses which 
are  not  heat t o l e r a n t ,  so y i e l d s ,  as expected, were not  high. However, 
some o f  our se lec t ions  i n  the  A p r i l  p l a n t i n g  produced respectable y i e l d s  
o f  about 15 t /ha a t  a t ime when tomatoes were becoming scarce i n  the  
l oca l  markets. I n  a l l  t r i a l s ,  some o f  the  AVRDC se lec t ions  had higher 
y i e l d s  than the  check. 

Winter Yield Trials 
I n  w i n t e r  y i e l d  t r i a l s  a t  2 loca t ions  i n  Taiwan, 9 processing tomato 

breeding l i n e s  had average y i e l d s  tha t  were more than double t h a t  o f  the  
l oca l  check TK 3  a able 4). 

High y i e l d s  were demonstrated by a number of c u l t i v a r s  and AVRDC 
se lec t ions  when grown as e a r l y  as October i n  our experimental f i e l d s  
 a able 5).  Chico I I I was p a r t i c u l a r l y  remarkable because i t  y ie lded  
100 t /ha but  i t s  f r u i t  s i z e  was small .  I t  may not  be accepted i n  Taiwan 

Table 4. Y ie lds and o the r  h o r t i c u l t u r a l  t r a i t s  o f  the 9 best  processing tomato breeding 
l i n e s  p lanted a t  two loca t ions  i n  the f a l l ;  1976, AVRDC. 

AVRDC se lec t  i on  Ped i g ree Marketable y i e l d  F r u i t  Days t o  
(or  acc.) no. ( o r c u l t i v a r n a m e )  .average Y.Meia AVRDCD s izec f lowerC 

---------- (t /ha)---------  

V C  9-1-2-Wenus 6 6 5 0 83 

V C  9-1 -2-3/Saturn 63 56 7 1 

V C  9- 1 -2 -Wenus  60 5 1 7 0 

V C  9-1-2-3/Venus 57 50 6 4 

VC 9- 1 -2-Vvenus 5 6 42 6 9 

VC 9- 1 -2-Vvenus 56 46 6 5 

ah TM-2a/VC 11-1 5 6 46 6 5 

V C  l l - l /Tamu Chico 1 1 1  55 4 5 66 

V C  9-1-2-3/Venus 5 4 43 66 

(TK 3) 2 5 24 2 7 
-------------------------------------------------- 

(no. 

3 1 

27 

33 

3 1 

28 

2 9 

2 6 

26 

3 0 

3 4 
-------- 

LSD 5% 13 14 13 13 5 

a ~ l a n t e d  a t  Yeong Mei i n  southern Taiwan Nov 16 (1975). b ~ l a n t e d  a t  AVRDC ~ov. (1975) .  
CData from AVRDC p lan t ing .  



Table 5. Y ie ld  and o ther  t r a i t s  of promising l oca l  se lec t ions  compared 
t o  a  commercial va r i e t y ,  1975-76, A V R D C . ~  

AVRDC Pedigree o r  Marketable F r u i t  Days t o  To ta l  C i t r i c  
acc. no. c u l t i v a r  name y i e l d  s i r e  f lower ing  s o l i d  ac id P" 

t /ha (9) ( ~ r  i x) (mg/100g) 

3855 Chico I I I 101 17 23 4.2 367 4.4 

3953 Niagara VF 317 93 100 27 3.7 365 4.3 

124 TK 70-bb 92 86 24 4.6 460 4.2 

3926 Niagara VF 31 5 92 86 25 3.9 353 4.3 

123 TK 3-bb 90 44 23 4.5 450 4.2 

31 9 VF 14'5-21-4 89 116 29 4.4 346 4.4 

3978 TK T-2 89 73 24 4.3 292 4.4 

124 TK 70-5 b 88 79 24 4.7 448 4.3 

124 TK 70-6 88 88 22 4.3 416 4.3 b 

115 ~ o m a ~  5 4 7 9 3 1 4.4 327 4.6 
............................................................................. 

LSD 0.05 30 15 5 0 .4  92 0.1 

0.01 39 2 0 6 - 122 0.2 

C.V.  (%) 25 12 1 1  12.8 14 1.8 

- - - - 

a  Planted Oct 14 (1975);  harvested i n  7 p ick ings  beginnin2 Jan 6 and ending 
March 9 ,  1976; a l l  values are means o f  3 r ep l i ca t i ons .  AVRDC se lec t ion  
from o r i g i n a l  c u l t i v a r .  CCheck c u l t i v a r .  

because t he  farmers p r e f e r  t o  grow l a r g e  f r u i t e d  tomato f o r  ease o f  har-  
ves t i ng .  The process ing q u a l i t i e s  such as t o t a l  s o l i d s ,  c i t r i c  ac id ,  and 
pH, however, were comparable w i t h  those o f  t he  check and i n  some cases 
even b e t t e r .  

August p l a n t i n g s  were made t o  compare some o f  o u r  s e l e c t i o n s  t o  t he  
l o c a l  c u l t i v a r s  f o r  e a r l y  w i n t e r  supply of  market tomatoes. The perform- 
ances o f  ou r  August p l a n t i n g s  a re  summarized i n  Tables 6 and 7. Among t he  
f r e s h  market se l ec t i ons ,  s e l e c t i o n  9d-0-0-1-0 y i e l d e d  t he  h ighes t  w i t h  
f r u i t  s i z e  comparable t o  t h a t  o f  t he  check, White Skin. Se lec t i on  114-5- 
5-0 on t h e  o t h e r  hand was comparable i n  y i e l d  t o  t h a t  o f  t he  check bu t  i t  
had b i g g e r  f r u i t  (78 g / f r u i t ) .  I n  t he  process ing group, two se lec t i ons ,  
7-0-5-1-0 and 123-2-4-0 ou t - y i e l ded  t he  commercial c u l t i v a r ,  TK 70. Again 
114-5-5-0 had comparable y i e l d  t o  t h a t  o f  t h e  check bu t  w i t h  b i gge r  f r u i t .  



Table 6. Performances o f  f resh  market tomato se lect ions compared t o  a loca l  c ~ l t i v a r . ~  

AVRDC se lec t ion  
(or  acc.no.) 

Marketable F r u i t  F ru i  t - s e t t  ing scoreb Days t o  
y i e l d  s i z e  0 T f l ower ing  

( t /ha)  

VC 11-1-2-lB/Saturn 80 

VC 9-1 -2-3/Venus 70 

VC 11-1-2-lB/Venus 65 

VC 9-1-2-9B/Venus 60 

vc 9- 1 -2-3/~enus 5 8 

VC 11-1-2-lB/Saturn 48 

VC 9-1-2-gB/Venus 4 8 

ah TM-2a/VC 8-1 -2-1 44 

TK 3/VC 8-1-2-1 44 

Whi t e  s k i  nC 5 2 
, - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

LSD 0.05 2 1 

0.01 29 

C . V .  (%) 27 

a ~ l a n t e d  Aug 30; harvested i n  7 p l ck ings  beginning Nov. 8 and ending Dec. 27; a l l  
values a re  means o f  3 rep1 i c a t  ions. bOr ig ina l  data (0) were transformed (T) t o  

J- p r i o r  t o  ana 1 ys i s  of variance. 'check c u l t  i va r .  



Table 7. Performance o f  p r o c e s s i n g  tomato s e l e c t i o n s  compared t o  a l o c a l  ~ u l t i v a r . ~  

AVRDC s e l e c t i o n  Marketable F r u i t  Fruit Days t o  
( o r  acc.no.) y i e l d  s i z e  0 T f l o w e r i n g  

( t / ha )  (g) 

7-0-5- 1-0 VC 11-1-2- lB/Flor ida MH-1 60 49 

123-2-4-0 ah TM-2a/VC 8-1-2-1 5 6 57 

122-0-1-15-0 ah TM-2a/VC 11-1 5 4 30 

143-0-4~-1-0 VC 48-1/~amu Chico I l l  5 3 40 

119-1-2 TK 70/F lor ida MH-1 5 2 4 2 

143-0-6-9-0 VC 48-l/Tamu Chico I l l  4 3 17 

32d-0-1-10-0 VC 9-1-2-3/Venus 4 1 6 7 

l ld -0-2-4-0  VC 9-1 -2-9B/Venus 4 1 59 

103-0-5-2-0 Roma/VC 48-1 40 3 9 

114-5-5-0 TK 3/VC 8-1 -2-1 3 7 86 

(1  24) TK 70' 3 4 6 4 
.......................................................... 

LSD 0.05 16 8 

0.01 18 9 

C.V. (%I 2 4 11 

a ~ l a n t e d  Aug. 30; harvested i n  7 p i ck ings  beginning Nov. 8 and ending ~ e c - i  28; a1 1 
values a r e  means o f  3 rep1 i c a t i o n s .  b ~ a t a  were transformed t o  ,/-prior t o  
a n a l y s i s  o f  var iance. 'Check c u l t i v a r .  

The f i r s t  p i c k i n g  i n  these t r i a l s  was made Nov 8, about a month be fo re  
the  f i r s t  p i c k i n g  o f  c u l t i v a r s  now used by l o c a l  farmers. Thus, some of  
our  breeding l i n e s  can be grown i n  Taiwan t o  supply  tomatoes i n  e a r l y  
w i n t e r .  Th is  i s  i n  l i n e  w i t h  our  o b j e c t i v e  o f  lengthening t he  season t h a t  
tomato can be grown i n  t he  lowland t r o p i c s .  

Seed y i e l d  and qua1 i t y  o f  9 breeding 1 ines were supper io r  t o  Roma 
i n  a t e s t  comparing var ious  h o r t i c u l ~ t u r a l  t r a i t s  o f  t h i s  popular  c u l t i v a r  
w i t h  1 3  AVRDC l i n e s .  E igh t  o f  t he  l i n e s  a l s o  produced h i ghe r  marketable 
y i e l d s  and matured e a r l i e r  than Roma  a able 8 ) .  

Heat Tolerance Studies 
We i n i t i a t e d  a s e r i e s  o f  experiments t o  s tudy t he  gene t i c  s t a b i l i t y  

o f  heat  t o l e rance  i n  tomato. Our observa t ions  suggest t h a t  t he  genes 
c o n t r o l l i n g  heat  t o l e rance  a r e  e a s i l y  in f luenced by environmental  f ac to r s  
and, there fo re ,  our  hea t - t o l e ran t  s e l e c t i o n s  should be t es ted  i n  as many 



Table 8. Marketable y i e l d  and o the r  h o r t i c u l t u r a l  t r a i t s  o f  8 processing tomato se lec t ions  
compared t o  t h a t  o f  the  conmercial c u l t i v a r  Roma; 1976, AVRDC.' 

AVRDC se lec t ion  Ped i g ree Marketable F r u i t  F i r s t  To ta l  C i t r i c  
(or  acc.) no. (or  cu 1 t i var name) y i e l d  s i z e  f lower  so l  i d  pH ac id  

Select ion from TK 3 

V C  9-1-2-9B/Venus 

ah TM-2a/VC 11-1 

Select ion from TK T-2 

VC 9-1-2-3/Venus 

VC 11-1-2-lB/Venus 

VC 48- 1 /~amu Chi co 1 I I 

VC 9-1 -2-3/Venus 

( ~oma ) 

LSD 5% 

'planted Nov. 3 (1975); harvested i n  7 p i ck ings  beginning March 24 and edding,May 11; a l l  
values are means o f  3 r e p l i c a t i o n s .  To ta l  o f  13 AVRDC e n t r i e s  i n  the t r i a l .  

loca t ions  and seasons as possib le t o  def ine  the  exact nature o f  t h e i r  
heat tolerance. The resu l t s  of another AVRDC experiment confirmed t h a t  
both heat and co ld  to lerance might be cont ro l  led by the same gene(s). 

Selection for Intensive Cropping Systems 
Research workers i n  the  Ph i l ipp ines selected from AVRDC breeding 

mater ia ls  several l i n e s  tha t  produced good y i e l d s  when p a r t i a l l y  shaded 
(Table 9) o r  grown i n  an u n t i l l e d  paddy f i e l d  fo l l ow ing  r i c e  (Table 10). 
These a t t r i b u t e s  are p a r t i c u l a r l y  useful i n  developing tomato f o r  i n t e r -  
cropping w i t h  t a l l e r  crops o r  i nc lus ion  i n  in tens ive  cropping systems. 



Table 9. Average percent f r u i t  s e t t i n g  r a t e  o f  the best  tomato v a r i e t i e s  
grown i n  the open and under ~ h a d e . ~  

Entry  b Locat i o n  
open shade Average 

AVRDC select ions 

Local c u l t i v a r s  

VC 9-2-4 

V C  8-1-2-4 GS 

V C  8-1 -2-7 

UPCA 2029 

UPCA 1169 

----------------------------------------------------------------------- 
A l l  ~ e n t r i e s  3 4 2 5 3 0 

a ~ l  1 values were transformed t o  arcs ine before t e s t s  o f  s i g n i f i c a n c e  
were made. b ~ o  s i g n i f i c a n t  d i f fe rences  were found f o r  these v a r i e t i e s  
between growing them i n  the open and i n  the shade, i n d i c a t i n g  s u i t a b i l i t y  
f o r  in tercropping.  

Table 10. F r u i t  s i z e  and y i e l d  of tomato breeding l i n e s  i n  uncu l t i va ted  
paddy s o i l ;  1976, IPB, phi lip pine^.^ 

AVRDC se lec t  i on  
(or  acc.) no. 

Ped i g ree F r u i t  Marketable 
(or  c u l t  i v a r  name) s i z e  y i e l d  

554 F4-62 V C  8-1-2-l/Venus// Kewalo 6 5 2 6 

554 F4-34 V C  8-1 -2-1 /Venus/ Kewalo 4 4 28 

554 F4-30 V C  8- 1-2- 1 /Venus// Kewa 1 o 4 1 28 

32d-0- 1 - 13-1 VC 9-1-2-3/Venus 37 2 8 

(21 (vc 11-1) 

30-4-1 -1 V C  9-1- l /Saturn 

(232) ( ~ a g c a r  lan) 14 2 9 

a Data suppl ied by D r .  L. T. Empig, I n s t i t u t e  o f  P lant  Breeding ( IPB) ,  Los 
Banos, Ph i l i pp ines .  Tomato seed d ibb led near a r i c e  stubble. 



Fig.  1. Pollen collector developed by tomato breeders at AVRDC. 

rubber tubing 

glass bubble \ vibrating rod fWitCh 
I 

battery 
I 

F ig .  2. Details of 
the pollen col lector. 

Pollen Collector Developed to Aid Crossing 
We develo ed a  handy, l i g h t  (150 g ) ,  and compact po l len  co l l ec to r  

(Figs. 1 and 2!, which faci 1 i tates hybr id iza t ion  o f  tomato and other 
flowers of s im i l a r  s i ze  o r  la rger .  Plans o f  th is  modified pol len  co l l ec to r  
are  avai 1 able from AVRDC upon request. 
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La te  b l i g h t  i n f e c t s  leaves, stems, and f r u i t .  B a c t e r i a l  w i l t  i s  another  major  tomato disease 
i n  t he  t r o p i c s .  

Pathology 

Late Blight 
Accession 1197 was the on ly  one out o f  73 accessions and 89 crosses 

tha t  proved t o  be res i s tan t  t o  l a t e  b l i g h t .  Twenty-nine crosses indicated 
they may have resistance but they have t o  be re-evaluated. Too many plants 
were l o s t  due t o  other causes t o  permit a s i g n i f i c a n t  check. Plants were 
inoculated w i t h  homogenized fungal suspension o f  Phytophthora infestans. 

Powdery Mildew 
Out o f  n ine accessions tested, on ly  one, AVRDC accession number 30 

(pedigree VC 9-1-2-3) was confirmed as res i s tan t  t o  powdery mildew. 
Accessions 17 (VC 8-121) and 40 (TR/VC 40-I) ,  which were res i s tan t  i n  1974 
and 1975,,.showed on ly  moderate resistance i n  1976. 

tom at^ Bacterial Wilt, Leaf Mold, and Gray Leof Spot 
One hundred eighty-nine F2 populat ions were inoculated i n  f l a t s  w i t h  

these three pathogens. More than 200 seedlings o f  each ent ry  were in -  
oculated w i t h  each pathogen. Only se lec t ion 618-1 was rated res i s tan t  t o  
a l l  three diseases. 

Double Streak Virus and Tobacco Mosaic 
One out of 25 breeding 1 ines screened f o r  double streak and 25 out  

o f  79 tested for  tobacco mosaic v i rus  showed resistance. 

16 
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Root- Knot Nematode 
I n  spr ing t e s t  p l o t s  located on the Taiwan Fiber Crops Experiment 

Stat ion,  Tainan, 7 out o f  98 en t r i es  supplied by AVRDC showed resistance 
 a able 11). 

A t  the same s t a t i o n  i n  the f a l l  a heav i ly  in fes ted f i e l d  was planted 
t o  j u t e  (~orchomcs capsuZaris L.) which serves as a t rap  crop. Infested 
j u t e  roots were co l lec ted and homoginized i n  a blender, then plowed i n t o  
the f i e l d .  Forty- four l i n e s  o f  tomato seedlings were transplanted i n  t h i s  
f i e l d  i n  the f a l l  o f  1976. Six 1 ines showed resistance  a able 11). 

Table 11. AVRDC p l a n t s  showing res i s tance  t o  roo t - kno t  nematode, s p r i n g  
and f a l l ,  1976 a t  Taiwan F ibe r  Crop Experiment S ta t i on ,  Tainan. 

AVRDC acc. no. V a r i e t y  o r  ped igree name Source 

Anahu 

Atk inson 

Kewa 1 o  

Kalohi  

Hawaii 7795 

72 T 14 

BWN-18 F1 

Hawa i i 

C a l i f o r n i a  

Hawa i i 

Hawa i i 

Hawa i i 

Hawa i i 

Hawa i i 

' ~ c c e s s i o n  no. 3889 was tes ted  i n  sp r i ng  on l y .  

Fig.  3. Roots i n f e c t e d  w i t h  root -knot  nematode. 
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Physiology 
A major o b j e c t i v e  o f  phys io log ica l  s tudies was t o  determine the  basis 

o f  moisture to lerance and i d e n t i f y  means o f  prevent ing waterlogging damage. 
Waterlogging causes much damage t o  tomatoes i n  ra iny  seasons i n  the  t r o -  
p ics.  

Lack o f  oxygen i n  the  roo t  zone i s  thought t o  be the  primary cause o f  
f l ood ing  damage. E lec t ron  t ranspor t  would be slowed by shortage o f  oxygen. 
I n h i b i t i o n  o f  the re la ted  metabol ic  pathway would r e s u l t ,  which would a l s o  
a f fec t  t h e  r a t e  of  anaerobic a c t i v i t y ,  increasing fermentat ion. 

Waterlogging may a l s o  reduce the amount of  hormones t ranslocated t o  
the  shoots o f  tomato p lan ts .  App l i ca t i on  o f  g i b b e r e l l i n  p a r t i a l l y  over- 
comes the  reduced shoot growth of waterlogged tomato p lan ts  and decreases 
the  l eve l s  o f  cy tok in ins  i n  sap t ransported t o  t h e i r  shoots. 

BA Reduced Waterlog Damage 
E f f e c t s  o f  benzyladenine (BA) on the  growth of waterlogged and non- 

waterlogged heat sens i t i ve  o r  heat t o l e r a n t  tomato p lan ts  were studied 
( ~ i g .  4). The r e s u l t s  imply a phys io log ica l  basis of  moisture to lerance 
and considerable promise fo r  the  p r a c t i c a l  appl i c a t i o n  of BA f o r  reduct ion 
o f  water logging damage  a able 12). 

18 
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F i g .  4. From l e f t  t o  r i g h t ,  t y p i c a l  p l a n t s  from non-waterlogged, no BA treatment group; 
non-waterlogged group t h a t  received BA sprayings; waterlogged group t h a t  received BA 
sprayings; and waterlogged group t h a t  was not sprayed w i t h  BA. L i t t l e  e f f e c t  i s  shown 
i n  t h e  non-waterlogged p l a n t s  but t h e  BA sprayings helped s u r v i v a l  of  waterlogged p l a n t s  
(second from r i g h t ) .  

Table  12.  Surv iva l  r a t e  (%) o f  waterlogged and non-waterlogged tomato 
p l a n t s  w i t h  o r  w i thout  BAa t reatment .  

AVRDC acc. no. 
Waterlogged Non-waterlogged 

- BA +BA - BA +BA 
BWD B D W  D W ~  

Heat s e n s i t i v e  

123 

124 

Heat t o l e r a n t  

1  

245 

a ~ u r v i v a l  r a t e  was taken on t h e  5 t h  day o f  water logging.  b~~ : BA appl i e d  
b e f o r e  water logging.  CBDW : BA app l ied  b e f o r e  and dur ing water logging.  

~ D W  : BA a p p l i e d  dur ing water logging.  
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Two heat s e n s i t i v e  and two heat t o l e r a n t  c u l t i v a r s  were tested i n  a 
greenhouse experiment w i t h  BA app l i ca t i on .  Waterlogged p lan ts  o f  each 
c u l t i v a r  rece iv ing  no BA treatment were compared w i t h  p lan ts  t h a t  were 
sprayed w i t h  BA on f i v e  consecutive days before water logging and p lan ts  
sprayed on f i v e  consecutive days a f t e r  waterlogging. The BA was appl ied 
t o  a e r i a l  pa r t s  of  p lan ts  a t  a concentrat ion of 50 mg/l conta in ing 0.01% 
Tween 80. Another group o f  non-waterlogged p lan ts  of each c u l t i v a r  was 
given the  same BA spray treatment f o r  comparison. 

Table 12 shows t h a t  waterlogging caused tomato p lan ts  t o  w i l t  and 
d i e  rap id l y .  Stem growth was retarded i n  a1 1 cu l  t i v a r s  but  heat t o l e r a n t  
c u l t i v a r s  seemed t o  be more res i s tan t  t o  waterlogging. However, BA tend- 
ed t o  r e t a r d  the p lan t  stem growth on heat t o l e r a n t  c u l t i v a r s   a able 13). 
The BA t rea ted p lan ts  d e f i n i t e l y  had b e t t e r  su rv i va l  r a t e  than nontreated 
p lan ts  a f t e r  waterlogging. 

Advent i t ious  roo ts  could be observed on the t h i r d  day o f  waterlogging 
but  fewer advent i t ious  roo ts  appeared i n  heat t o l e r a n t  c u l t i v a r s  than i n  
heat sens i t i v e  ones  able 14). These d i s t i n c t i v e  morphological adapta- 
t i ons  are used as an i n d i c a t i o n  o f  damage t o  the main roo t  system. BA 
treatment reduced the number o f  advent i t ious  roots,  which ma-y a lso  imply 
t ha t  BA t rea ted p lan ts  stand a b e t t e r  chance o f  mainta in ing good roo t  
systems under waterlogging. 

I n  another experiment i n  October and November, tomato p lan ts  d i d  
not  w i l t  and d i e  under lower temperature (day temperature about 3 0 ' ~  and 
n i g h t  temperature about 20°c). However, the waterlogged p lan ts  showed 
ch lo ros i s  i n  the lower pa r t s  o f  leaves  a able 15). A l l  p l an ts  survived 
a f t e r  f i v e  days o f  waterlogging. P lan t  height  was s i g n i f i c a n t l y  retarded, 
which can be a t t r i b u t a b l e  t o  the ch lo ros i s  as we l l  as lower photosynthet ic  

Table 13. Stem he ight  o f  waterlogged and non-waterlogged tomato p lan ts  
t rea ted w i t h  o r  w i thout  B A ~ .  

AVRDC acc. no. 
Waterlogged Non-waterlogged 

- BA +BA - BA +BA 
BWO BDWC DW 

Heat s e n s i t i v e  

123 

124 

Heat t o l e r a n t  

1 

245 

a 
Measure was taken one week a f t e r  5-day waterlogging. b~~ : BA appl ied  

before waterlogging. 'BDW : BA appl ied before  and dur ing waterlogging. 
~ D W  : BA app l ied  dur ing waterlogging. 



Table 14. Advent i t ious  roo t  format ion i n  waterlogged and non-waterlogged 
tomato p lan ts  t rea ted  w i t h  o r  w i thout  BAa. 

AVRDC acc. no. 
Water 1 ogged Non-waterlogged 

- BA - +BA -, - BA +BA 
BW BDW DW 

Heat s e n s i t i v e  

123 

124 

Heat t o l e r a n t  

1 

245 
- 

a Advent i t ious  roo ts  observed on the  3rd  day o f  water logging.  b~~ : BA 
appl ied be fore  water logging.  'BDW: BA appl l ed  be fore  and dur ing  water- 
logging. d ~ ~ :  BA app l ied  dur ing  water logging.  eEach + ind ica tes  
i n t e n s i t y  o f  about 10 adven t i t i ous  roo ts  formed. 

Table 15. E f f e c t  o f  water logging on c h l o r o p h y l l  content ,  photosynthesis  and 
shoot growth o f  heat t o l e r a n t  and heat s e n s i t i v e  c u l t i v a r s .  

Type o f  
c u l  t i v a r s  Treatment Chlorophyl l  

contenta 
Net 

photosynthes i sb 
Shoot 
growth 

(mg/g l e a f )  (mg c02/dm2/hr) (A cm/day) 

Heat t o l e r a n t  Waterlogging 1.2 17.9 0 9 

Contro l  1.4 22.8 1.9 

Heat s e n s i t i v e  Waterlogging 0.6 21.4 0.6 

Contro l  1.5 24.0 1.5 
................................................................................. 

LSD 0.05 0.7 0.39 

Transplanted: Oct. 7, 1976. Grown i n  greenhouse under 22OC average temperature 
cond i t i on .  

Measurement taken 65 days a f t e r  t ransp lan t ing .  
a T h i r d  l e a f  from the bottom. b ~ h i r d  l e a f  from top.  

ra te .  These r e s u l t s  seem t o  suggest t h a t  t h e  w i l t  and death o f  p l an ts  
under water logging and h igh  temperature cond i t ions  may be main ly  due t o  
oxygen d e f i c i t  leading t o  i n h i b i t i o n  of t ranspor t  of t he  water requ i red  
t o  meet the h igher  demand o f  t r a n s p i r a t i o n  r a t e  a t  h i gh  temperature. 
Waterlogging under lower temperature leads t o  ch lo ros i s  and dwarf ing o f  
p l a n t s  by t he  lack  o f  oxygen. 



Fruit Quality 
Numerous f r u i t  c h a r a c t e r i s t i c s  have been employed by i nves t i ga to rs  as 

i nd i ces  o f  q u a l i t y .  Among those most f r equen t l y  used a re  pH, t i t r a t a b l e  
a c i d i t y ,  reducing sugar, p e c t i c  substance, co lo r ,  so lub le  s o l i d s ,  and 
ascorb ic  ac id .  Each o f  these c h a r a c t e r i s t i c s  con t r i bu tes  t o  the  t o t a l  
q u a l i t y .  However, t he  importance o f  some o f  these ind ices  i s  dependent on 
t he  uses f o r  which the tomatoes a re  intended. Color ,  f o r  instance, i s  
ext remely important i n  tomatoes t h a t  a re  t o  be processed, bu t  o f  less 
importance i n  f r u i t s  f o r  f r esh  use. People i n  d i f f e r e n t  places a l s o  have 
d i f f e r e n t  preferences. Therefore we a re  no t  t r y i n g  t o  develop a p a r t i c u l a r  
f r u i t  type. Intended means o f  consumption and p o t e n t i a l  market have t o  be 
de f ined  be fo re  we are  ab le  t o  evaluate 1 ines f o r  qua1 i t y  aspects. Th is  
p r e l i m i n a r y  eva lua t i on  p r o j e c t  was c a r r i e d  ou t  t o  judge t he  e f f e c t  o f  t ime 
o f  harves t  on processing q u a l i t y .  

Tomato s e l e c t  ion  1 Id-0-1-2-2-0-0 was harvested through the en t  i r e  
summer season o f  1976. F r u i t  samples were analyzed weekly i n  the  labora- 
t o r y .  F ig .  5 shows r e s u l t s  o f  t e s t s  f o r  v i t am in  C content ,  so lub le  s o l i d s ,  
and t i  t r a t a t a b l e  a c i d i t y .  

Vitamin C content (mg/IOOg) 
I 

red 
light red 

" 
Jul  O c t  Nov 

S_oluble solids ( O  Brix) Titratable acidity (g citric acid/IOOg) 

0,7 * 

Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov 

F ig .  5. E f f e c t s  o f  t ime o f  harvest  on th ree  q u a l i t y  c h a r a c t e r i s t i c s  o f  tomato s e l e c t i o n  
l ld-0-1-2-2-0-0 i n  t he  summer o f  1976. F r u i t  samples were analyzed weekly.  The q u a l i t y  
o f  summer f r u i t  i s  b e t t e r  than t h a t  o f  w i n t e r  f r u i t .  Several fa,ctors may a f f e c t  the 
q u a l i t y  o f  tomato f r u i t .  For t h e  th ree  q u a l i t y  c h a r a c t e r i s t i c s  mentioned here, the 
seasonal v a r i a t i o n s  may be main ly  due t o  the f r u i t  y i e l d  d i f f e r e n c e s  a t  d i f f e r e n t  seasons. 



Crop and Soil Management 

Tomato p lan ts  w i l t  i n  the hot,  wet season i n  the  t r o p i c s  and few 
recover t o  produce acceptable y i e l ds .  AVRDC s o i l  s c i e n t i s t s  and c rop  
management s p e c i a l i s t s  j o i n t l y  conducted a se r i es  of  experiments w i t h  
management methods designed t o  improve vegeta t ive  growth dur ing  t h i s  
sumner per iod.  

Maintenance of Soil Aeration 
App l i ca t i on  o f  compost under the  center  o f  ra ised  beds reduced p l a n t  

w i l t i n g  a f t e r  heavy and prolonged ra ins ,  and tended t o  increase tomato 
y i e l d s  ( ~ a b l e s  16, 17). Root development and pene t ra t i on  were improved 
by adding compost a t  the  r a t e  o f  20 t l h a  under the  center  o f  the  bed and 
mulching the  bed sur face w i t h  r i c e  st raw (see photos). 

The improved s i z e  and growth o f  roo ts  shown i n  F igure  6 suggests 
t h a t  a considerably h igher  l eve l  o f  s o i l  ae ra t i on  ex i s ted  i n  p l o t s  where 
compost and r i c e  st raw mulch were appl ied.  Short f ib rous  roo ts  developed 
on p lan ts  i n  t he  untreated con t ro l  p l o t s ,  F igure  7. 

Table 18 shows r e s u l t s  o f  a comparison o f  d i f f e r e n t  types o f  mulching 
ma te r i a l s  i n  summer and f a l l  t es t s ,  1976. Rice st raw gave best  r e s u l t s .  
Mulching resu l ted  i n  format ion o f  a less impervious s o i l  c r u s t  on the  bed 
sur face and reduced s o i l  temperatures ~ O C .  Subsoil ing t o  a depth o f  40 cm 
f a i l e d  t o  increase tomato y ie lds .  
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FIg. 6. Tomato root  development and penetra- 
t i o n  was near normal i n  s p i t e  o f  waterlogged 
condi t ions when compost was placed under the  
center o f  the bed and the  surface mulched 
w i t h  r i c e  straw. 

Fig. 7. Short, f ib rous roots  developed on 
p lan ts  tha t  weren't  given the mulch. 

Table 16. Rice s t raw mulching and s o i l  management t reatment means f o r  tomato 
p l a n t s  du r ing  hot/wet sumner s e a s ~ n , ~  AVRDC, 1976. 

S o i l  management Rice s t raw P lan ts  Y i e l d  
mulch w i l t e d b  r i p e  f r u i t  

No compost check 

No compost 

Compost (20 t /ha) 

Compost (40 t /ha) 

Rice s t raw under bedC 

(%I  (kg/10 m2) 

No 5 1 3.6 

Yes 33 5 8 

Yes 4 8.6 

Yes 2 6 6.9 

Yes 3 9 5.9 

a Se lec t ion  l ld-0-1-2-0 t ransp lanted A p r i l  23 i n  2 m by 10 m ra i sed  beds 
prepared mechanical1 , r i p e  f r u i t  harvested 9 times a t  weekly i n t e r v a l s  
beginning J u l y  17. gCounted J u l y  8 a f t e r  5 consect i v e  days of  heavy 
(393 mm) r a i n f a l l .  CRice straw was compressed i n t o  a furrow and 80 kg 
N/ha was app l i ed  i n  a d d i t i o n  t o  the  basal f e r t i l i z e r  t o  decompose the  r i c e  
s t raw be fo re  forming a bed over the  straw. 

BEST AVAILABLE COPY 



l e  17. Mean y i e l d s  i n  r e l a t i o n  t o  amount and type o f  o rgan i c  m a t e r i a l  and n i t r o g e n  
app l i ed  t o  tomato i n  a  c ropp ing system i n v o l v i n g  f o u r  crops per  yea r ;  toma- 
t o  growing du r i ng  AVRDC season, 1 9 7 6 . ~  

Organic amendment 
and (amount) 

Number o f  
T o t a l  i e l d  S o i l  amend- 

appl ca t  no n  i t rogen ' n i t rogen ment means 
per  year 

No amendment check 3.9 3.8 3.8 

Green manure 1  3.9 1.7 5.8 

Compost (20 t / ha )  1  6.5 9.3 7.9 

Compost (60 t / ha )  3  9.3 10.0 9.6 

Compost i n  f u r row  (60 t / ha )  3  6.8 9.7 8 .2  

5 
Rice h u l l  and compost (10 t / ha )  1  6.6 8.4 7.5 

b  
Rice h u l l  and compost !30 t / ha )  3  4.6 10.0 7.3 
---------------------.----------------------------------------------------------------- 

N i t rogen  means 5.9 8.4 

LSD 5% between two n i  t r o g e r  means = 0.8 kg/ lO m2 

between two so i  1 amendment means = 2.4 k g / l  C m2 

between two n i t r o g e n  means a t  t h e  same l e v e l  o f  s o i  1 amendment = 2.1 kg/ lO m2 

between two s o i  1 amer,.lment means a t  t h e  same l e v e l  o f  n i t r o g e n  = 3.1 kg/ lO m2 

- - 

a s e l e c t i o n  l ld -0-1-2-0  t r a n s p l a n ~ e d  June 1  i n  r a i s e d  beds prepared w i t h  a  b u f f a l o  and 
plow; r i p e  f r u i t  harvested a t  week:y i n t e r v a l s  beg inn ing Sept 7  and green f r u i t  harvest -  
ed Sept 20 and t o t a l l e d  w i t h  r i p e  f r u i t .  b~ valume o f  r i c e  h u l l s  equal t o  t he  volume 
o f  10 t / ha  compost was mixed toge the r  and i n c o r p o r ~ t e d  i n t o  t he  s o i l  be fo re  fo rming 
beds. 

Table 18. Tomato y ie lds for AVRDC select ion 11d-0-1-2-0 as influenced by 
mulching mater ia ls ,  AVRDC, 1976,' 

Mulching treatments 
Yie ld  'I 

summerU fa1 1" 

No mu1 ch check 1 .2  3 .6  

R i  ce s t  raw (RS) 4.6 6 9 

Clear p l a s t i c  0 .4  0.3 

Black p l a s t i c  1.6 1.9 

......................................................................... 
LDS 5% 2.0  1.6 

a 
Transplanted June 20 (wet season) and harvested between Sept 16 and Oct 

30. b ~ r a n s ~ l a n t e d  Aug 31 and harvested Nov 9 and Dec 28. 



Fig.  8. Wire t r e l l i s i n g  and tab le  systems o f  supporting determinate-type tomato plants 
were compared wi th  straw mulching alone during the wet season o f  1976. L i t t l e  d i f fe rence  
was noted i n  four out o f  f i v e  experiments so the cheapest method, mulching, i s  recommended. 

Fertilizer Trial on Calcareous Soil 
A very h igh  y i e l d ,  more than 120 t/ha, was obta ined t h i s  year from 

Walter tomatoes i n  calcareous s o i l  a t  AVRDC by app ly ing  la rge  amounts of  
f e r t i l i z e r  and compost (see Table 19). Note t h a t  (1) the  February harvest  
was s i g n i f i c a n t l y  h igher ,  (2) compost increased y i e l d s  by 20% and (3) the  
Wal t e r  v a r i e t y  gave a super io r  performance. 

Weed Control 
We in tegra ted  1975 weed c o n t r o l  r e s u l t s  i n t o  a weed management system 

f o r  t r i a l  i n  1976. We knew t h a t  r i c e  st raw mulch u s u a l l y  c o n t r o l l e d  more 
than 50% of  t he  weeds, but  requ i red  hand removal o f  weeds t h a t  grew through 
the  mulch. Thus, we app l ied  a preemergence he rb i c i de  (a lach lo r  a t  2 kg 
a.i./ha) t o  the  s o i l  sur face  be fore  t r ansp lan t i ng  t he  tomatoes. A post-  
emergence treatment of  contact- type he rb i c i de  (paraquat a t  0.5 kg a.i./ha) 
was app l ied  between the  rows and on the  edge o f  t h e  bed. With the use o f  
these weed c o n t r o l  methods, on l y  one o r  two hand weedings were necessary, 
w i t h i n  the  rows, even dur ing  the wet season. I n  check p l o t s  manual 
c u l t i v a t i o n s  o n l y  p a r t i a l l y  c o n t r o l l e d  the  weed growth and the  s o i l  s t ruc -  
t u r e  was f u r t h e r  destroyed. 

Mulching, Staking, Trellising 

To main ta in  o r  improve f r u i t  q u a l i t y  by reducing f r u i t  contact  w i t h  
the  mois t  s o i l ,  we compared several s tak ing  o r  t r e l l i s i n g  systems w i t h  
t he  r i c e  st raw mulch treatment ( ~ i g .  8 ) .  Y ie lds  i n  four  ou t  o f  f i v e  
experiments were s i m i l a r  f o r  mulching, s tak ing ,  o r  t r e l l  i s i n g .  Rice st raw 
mulching was super io r  t o  p l a s t i c  mulching. Thus we recommend the  st raw 
mulching method t o  reduce costs when growing AVRDC's determinate selec- 
t i ons .  A second layer  o f  r i c e  st raw (approximately 7 t /ha) should be 
app l ied  be fore  t he  f o l i a g e  covers 50% o f  t h e  bed surface. 
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Table 19. Tomato response t o  f e r t i  1 i z e r  appl i c a t i o n a  on calcareous so i  1s 
a t  AVRDC; w i t h  and w i t hou t  compost.b 

C u l t i v a r  d Appl i c a t  ions and amounts harvested in :c  
January February March t o t a l  harves t  

Wa 1 t e r  

w i t h  compost 

w i t hou t  compost 

Manalucie 

w i t h  compost 

w i thou t compos t 

Magni f l o t e n t e  

w i t h  compost 

w i t hou t  compost 

a 
Basal a p p l i c a t i o n  60 kg N, 80 kg P205, and 150 kg K20 per ha. Top 

dressings: f i v e  top  dressings o f  50 kg ammonium s u l f a t e  per ha each 
and a  f i n a l  dress ing o f  40 kg/ha. Three f o l i a r  a p p l i c a t i o n s  o f  boron 
were made a t  10 kg boron/ha. b ~ w e n t y  tons r i c e  s t raw per ha plowed 
i n t o  s o i l  before t r ansp lan t i ng .  Ten t /ha app l ied  as mulch. P r i o r  
t o  these experiments 30 t /ha  had been app l i ed  t o  f i e l d .  C ~ o m a t o  
seed1 ings t ransp lan ted  Oct 23. d ~ a l  t e r  tomatoes were harvested January 
14 and 27; February 3, 9, 16, 2b, and 26; and March 5  and 11. 
Manolucie and Magni f lo tente were harvested February 9, 16, 20, and 26 
and March 5  and 11. 

Plant Spacing Within the Row 
To l i m i t  y i e l d  losses associated w i t h  reduced p l a n t  popu la t ions ,  

we compared a  20 cm spacing t o  t he  commonly used 40 cm spacing. We found 
t h a t  y i e l d s  were not  increased by the  c l o s e r  p l a n t  spacing. Also, d isease 
and insec t  c o n t r o l  were more d i f f i c u l t  due t o  the  increased amount of 
f o l  iage. 

Branch Pruning and Fruit Size 
As expected, tomato y i e l d s  i n  t h ree  experiments were reduced as 

a d d i t i o n a l  branches were pruned from the  p l a n t .  Pruning increased f r u i t  
s i z e  du r i ng  t he  coo l -d ry  season, whereas f r u i t -  s i z e  remained unchanged 
du r i ng  the  hot-wet season o r  t he  t r a n s i t i o n  per iod.  

Seasonal Variation in Production 
Tomato y i e l d s  ranged from 1 t o  10 t /ha du r i ng  t h e  hot-wet season, 18 

t o  35 t /ha  du r i ng  the  f a l l  t r a n s i t i o n  per iod,  and 50 t o  85 t /ha  du r i ng  



t he  cool -dry per iod .  F r u i t  s i z e  was 20% snial l e r  f o r  the  hot-wet season 
than f o r  the  cool -dry season. About 40% o f  t he  hot-wet season f r u i t  was 
c u l l e d  due t o  r o t ,  cracking,  o r  o the r  physical  defects compared t o  5% 
c u l l e d  du r i ng  the coo l -d ry  per iod.  We a l s o  noted t h a t  the number o f  c u l l -  
ed f r u i t  could be reduced i f  appropr ia te  so i  1 management techniques were 
implemented dur ing  the  wet season and if the  f r u i t  were harvested i n  the  
green manure stage before some of  the problems associated w i t h  f r u i t  
q u a l i t y  develop. 

Harvest Duration 
We noted t h a t  2 t o  3 months were requ i red  a f t e r  t r ansp lan t i ng  be fore  

the  f i r s t  f r u i t  were harvested, and t h a t  an add i t i ona l  month was requ i red  
t o  complete the  harvest  o f  75 t o  85% o f  t he  f r u i t  load. Consequently, a 
3 t o  4 month growing per iod  would be requi red i f  a farmer decided t o  
ad jus t  h i s  cropping system t o  inc lude the  product ion o f  these determinate 
tomato l i n e s .  

Soil Treatment Test with Two Cultivars 
Seedlings of c u l t i v a r s  l ld-0-2-2-0-0 and l ld-0-2-0-0 were t ransplanted 

t o  f i e l d s  f o r  f e r t i l i t y  t e s t s  September 17. Ne i ther  y i e l d s  nor n u t r i e n t  
contents o f  leaves, stems, o r  roo ts  o f  these two processing tomato c u l t i v a r s  
were a f f ec ted  much by compost a p p l i c a t i o n  i n  t he  f a l l  season  a able 20). 

The amount of n i t r ogen  app l i ca t i on ,  however, has a s i g n i f i c a n t  e f f e c t  
on the  N,P205 and K20 found i n  leaves and stems of  both c u l t i v a r s .  Th is  
was t r u e  f o r  n i t r ogen  a p p l i c a t i o n  t es t s  both w i t h  and w i thout  the  a d d i t i o n  
o f  r i c e  st raw compost. 

Table 20. Tomato y ie lds  of two c u l t i v a r s  i n  f a l l a  season as influenced by ni t rogen r a t e  and 
compost add i t ion .  

- - - - - - - - - 

N i  troqen 11d-0-2-2-0-0 11d-0-1-2-0-0 
- - 

appl i c a t i o n  w i t h  straw without straw wi th  straw without straw 
(kg/ha) t o t a l  marketable t o t a l  marketable t o t a l  marketable t o t a l  marketable 

- - - -- - - - - - - -- --- 

a ~ r a n s p l a n t e d  September 17, 1976. 



Fresh and Processing Tomato 
Marketing Studies 

AVRDC's a g r i c u l t u r a l  economists in terv iewed 20 producers o f  f r esh  
market tomatoes i n  cen t ra l  and southern Taiwan du r i ng  l a t e  1975 and e a r l y  
1976. They obtained informat ion on the farmers' costs,  labor  requirements, 
and re tu rns  i n  producing f resh market tomatoes. Then they compared these 
da ta  w i t h  in te rv iews l a s t  year w i t h  producers of  processing tomatoes. 
Seventeen farmers who produced the  processing tomatoes as a s i n g l e  crop 
and 17 who produced them as an i n te rc rop  were in terv iewed l a s t  year. 

Special  v a r i e t i e s  have been bred f o r  the two uses. The f resh market 
tomatoes, c a l l e d  indeterminate v a r i e t i e s ,  s e t  f r u i t  over a per iod  of 2 t o  
3 months and are  r e l a t i v e l y  s e n s i t i v e  t o  environmental cond i t ions .  The 
"determinate" v a r i e t i e s  grown f o r  processing a re  sho r t  p l an t s  having less 
vine. They r i pen  more un i fo rmly  i n  a sho r te r  pe r i od  of  t ime -- 14 t o  2 
months. The f r u i t  a re  genera l l y  smal ler  bu t  p lan ts  a re  more t o l e r a n t  t o  
var ied  environmental cond i t ions .  

The indeterminate v a r i e t i e s  i nvo l ve  more labor  because they requi r e  
more s tak ing ,  pruning, and t y i n g  t o  o b t a i n  large,  h igh  q u a l i t y  f r u i t .  
Some advantages and disadvantages o f  the two types o f  tomatoes a re  g iven 
i n  Table 21. Tables 22 and 23 g i v e  cos t  and labor  comparisons f o r  the  two 
types of product ion. 
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Table  21. Crop c h a r a c t e r i s t i c s  i d e n t i f i e d  i n  surveys o f  f r e s h  marketa and process ing 
b 

tomato producers i n  Taiwan, 1976. 

Crop 
c h a r a c t e r i s t i c s  

Fresh market tomato Process ing tomato 
(N=20) (N=34) 

F r u i t  type Medium t o  l a r g e  s i z e  Small t o  medium s i z e .  

Harvest : 
Color  Mos t l y  green w i t h  some redness Un i fo rm ly  red.  

Pe r iod  2  t o  3  months 1  t o  2  months 

Frequency Every one o r  two days, e.g.  Every 7  t o  15 days, 
35-45 t imes e.g. 3-10 t imes.  

Crop f i e l d  d u r a t i o n  5  t o  7  months 4  t o  6  months 

A d d i t i o n a l  p r a c t i c e s  Stak ing,  p run ing ,  and t r a i n i n g ;  Sometimes mulch w i t h  
sometimes remove excess f l o w e r s  r i c e  s t raw.  
and g i v e  hormone t reatment .  

Labor use 

Advantages 

Disadvantage 

Ski  1 l ed  and p e r s i s t e n t  Moderate l e v e l  management; 
management; almost e n t i r e l y  combined f a m i l y  and h i r e d  
f a m i l y  l abo r .  1 abor . 
High r e t u r n  per  u n i t  o f  land; Guaranteed p r i c e  and 
uses su rp lus  f a m i l y  l abo r ;  buyer;  convenient  i n p u t  
cont inuous cash income f o r  s u p p l i e s  and t e c h n i c a l  
seve ra l  months; adaptab le  t o  ass i s tance ;  adaptab le  t o  
ve ry  smal l  farm s i z e  near urban areas r e l a t i v e l y  f a r  f rom 
areas o r  markets.  vege tab le  markets;  adapta- 

b l e  t o  r o t a t i o n  systems 
w i t h  r i c e  o r  up land crops.  

P r i c e  f l u c t u a t i o n s ;  cons idera-  Weak p r i c e  and grade 
b l e  p roduc t i on  s k i l l  r equ i red ;  b a r g a i n i n g  p o s i t i o n ;  
l a r g e  c a p i t a l  investment;  l i m i t a t i o n  o f  f a c t o r y  
l o c a t i o n  o n l y  near  a  market o r  con t rac ted  area. 
p o p u l a t i o n  cen te r ;  excess ive 
1 abor . 

a 
Indeterminate .  b ~ e t e r m i n a t e  v a r i e t i e s .  



b Table 22. Product ion f a c t o r s  and costs  f o r  f resh marketa and process ing tomato, Tainan 
and Kaohsiung Count ies.  

Product i on  Fresh market tomato Processing tomato 

f a c t o r s  N=20 monocu 1 t u  r e  (N=17) i n t e r c r o p  (N=17) 
average (range) average (range) average ( range) 

Farm s i ze (ha) 0.87 (0.22-2.3) 1.3 (0.35-2.8) 2.52 (0.30-9.0) 

F i e l d  s izec(ha)  0.19 (0.07-0.5) 0.53 (0.17-1 . l )  0.69 (0.30-1.5) 

Y i e l d  4,430 (2.056-8,429) 6,680 (3,570-9,460) 6,215 (3,500-9,200) 
(kg/0.1 ha) 

Labor : 

Harvest (hrs)  219 

To ta l  (h rs )  529 

S e l f  49 3 

H i  red 36 

i st. t o t a l  cos t  210 64 6 9 
(US$) ------------------- Income and Expenses: US$/O.1 ha ------------------- 

Gross re tu rns  339 186 172 

Net re tu rns  - 5 4 0 2 8 

Farm income 207 109 95 

To ta l  costs  3 44 146 144 

Cash costs  132 76 78 

Pr ice/kg:  Actual  0.076 0.028 0.028 

Breakeven 0.078 

a ~ r e s h  market tomato survey o f  t he  1975/1976 crop i n  Tainan and Kaohsiung Counties 
inc luded 20 farmers. b ~ r o c e s s i n g  tomato survey o f  t h e  1974/75 crop i n  Tainan County 
inc luded 17 producers p l a n t i n g  monocul t u r e  and 17 i ntercropped stands. C ~ h e  average 
f i e l d  s i z e  o f  51 f r e s h  market tomato producers was 0.2 ha w i t h  f i e l d s  i n  Cent ra l  
Taiwan tend ing  t o  be smal ler  and those i n  South Taiwan be ing s l i g h t l y  l a r g e r .  The 
average f i e l d  s i z e  o f  558 processing tomato farmers i n  1975/76 crop year (both  i n t e r -  
c rop and monocul t u r e )  was 0.34 ha; s u b s t a n t i a l  l y  lower than average. 



Locat ion o f  the  producers usua l ly  was re la ted  t o  sales o u t l e t s  -- 
market agents o r  f ac to r ies .  However, some concentrated areas o f  produc- 
t i o n  were found f a r  from t h e i r  sales ou t l e t s .  They t h r i v e d  due t o  co l -  
l e c t i v e  sales t o  l oca l  shippers o r  a t ruck  pickup place. Good t ransporta-  
t i o n  and cooperative pool ing, processing, and shipping can g r e a t l y  extend 
the radius o f  markets ava i lab le .  

Recently, a sharp reduct ion i n  demand fo r  tomatoes by f a c t o r i e s  
resu l ted  i n  a la rge i n f l u x  of the  small red tomatoes i n  the fresh market 
system. Some advantages i n  f l e x i b i  1 i t y  were found f o r  growing these 
v a r i e t i e s  f o r  f resh market. They proved t o  have a dual market po ten t i a l  
(manufacturing o r  f resh market); they f i t  more environmental cond i t ions  
(highland sandy s o i l s  o r  lowland c lay  s o i l s ;  increasing distance from 
populat ion centers) .  They are adaptable t o  io tercropp ing w i t h  sugar cane 
and orchard t rees.  Labor requirements are decidedly lower (see Tables 23 
and 24). 

Conclusions 
Fresh market v a r i e t i e s  appeared most su i tab le  f o r  producers who 

l i v e d  near la rge populat ion centers and had a la rge f a ~ i l y  labor supply. 
The f resh  market v a r i e t i e s  gave them more and la rger  tomatoes over a longer 
per iod  o f  time. They o f fe red  a steady cash income over a longer period. 

Processing tomatoes seemed be t te r  adapted t o  the integrated farm5r- 
f ac to ry  approach, t o  marketing over greater  distances, and t o  o f f e r i n g  
f l e x i b i l i t y  o f  choice between f resh o r  canning markets. They had d i s -  
advantages o f  weak bargaining posi t ion  and 1 i m i  t a t  ion  o f  land area which 
can be contracted by fac tor ies .  

The farmer- factory contracts held advantages, especial l y  f o r  beginners, 
by guaranteeing p r i ce ,  and prov id ing such inputs as f e r t i  1 i z e r  and t r a i n -  
ing  on b e t t e r  product ion methods. A processing tomato c rop 's  impact on a 
community i s  p ropor t ionate  t o  the  number, capaci ty ,  and locat ions  o f  the  
processing fac to r ies .  Extra employment oppor tun i t ies  i n  the fac to r ies ,  
improved farm f inanc ing (through the fac tor ies) ,  and improvement i n  
v a r i e t i e s  usua l l y  r e s u l t .  

Add i t ion  o f  tomatoes t o  o ther  cannery spec ia l t i es ,  such as pineapple, 
mushroom, and asparagus, enables year-around factory operation. Twelve- 
month operat ion i s  not possib le i n  many western countr ies.  I t i s  an advan- 
tage tha t  has not  been f u l l y  exp lo i ted  i n  Asia. The Republic o f  China, 
the  Ph i l i pp ines  and other t r o p i c a l  countr ies have not  expanded f resh f r u i t  
and vegetable markets i n  densely populated count r ies  l i k e  Japan, Hong Kong, 
and Singapore as much as they could. However, there has been great  pro- 
gress i n  expar?ding exports o f  processed tomato products (see Table 25).  

One stumbling block t o  f u r t h e r  expansion i s  the t rade r e s t r i c t i o n s  
some o f  the  temperate countr ies use t o  pro tec t  t h e i r  greenhouse growers. 
If these in t ra- reg iona l  r e s t r i c t i o n s  could be e l iminated the la rge seasonal 
p r i c e  f luc tuat ions  i n  the region could be el iminated t o  the  benef i t  o f  
producers, consumers, and processors o f  tomatoes and o ther  vegetables. 

The add i t i on  o f  a ~ o t h e r  processing l i n e  fo r  the canned food indust ry  
and increasing the value o f  f o re ign  exchange are  on ly  some o f  the nat iona l  
bene f i t s .  A crop l inked t o  r u r a l  i n d u s t r i a l i z a t i o n  (w i th  processing p lan ts  
i n  the  countryside), helps provide a l t e r n a t i v e  employment f o r  farm fami ly  
members who wi 1 1  thereby be ab le  t o  stay i n  the r u r a l  areas. 



Table 23. Product i o n  cos t  and re tu rns  per  0.1 ha f o r  f r esh  marketa and process ing 
tomatob, Ta i  nan and Kaohs i ung Count i es  . 

l tem Fresh market Processing 
(N=20) Mono (N=17) l n t e r c r o p  (N=17) 

Y i e l d  (kg) 4,430 6,680 6,215 

Revenue $ 339 $ 186 $ 172 

Expense 344 146 143 

M a t e r i a l  ( s u b t o t a l )  115 5 2 4 3 

Seed 1 i ngs 

F e r t i  1 i z e r :  Organic 

l norgan i c 

Pes t i c i des  

Power source: Animal 

Mach i ne 

Misc.  

Labor (Sub to ta l )  202 6 4 69 

Land prep. & bed format ion  

T ransp lan t i ng  

F e r t i  1 i z a t i o n  

I r r i g a t i o n  

P e s t i c i d e  spray ing 

l n t e r t i l l a g e  & weeding 

Harvest ing  

T ranspo r ta t i on  & s a l e  

Add i t i ona 1 p r a c t  i ces 

Others (Sub to ta l )  2 7 30 3 1 

I r r i g a t i o n  water  fee 

Land t a x  

I n t e r e s t :  on c a p i t a l  4 4 4 
on land 15 2 0 20 --------------------------------------------------------------------------------------- 

Cash cos t  

Farm i ncomeC 

Non-cash cos t  

Net p r o f i t  
d 

a 
bSurvey o f  f r e s h  market producers,  1975/76 season i n  Tainan and Kaohsiung Count ies.  

Survey o f  process i ng tomato producers,  1974/75 season i n Ta i nan Country . 'Farm 
income i s  t o t a l  revenue minus cash costs .  d ~ e t  p r o f i t  equa ls  fa rm income minus non- 
cash cos ts .  



Table 24. Frequency range w i t h  which var ious f i e l d  operat ions were performed 
according t o  type o f  tomato produced, Taiwan 1974-1976. 

F i e l d  operat ion 
Processing tomato b 

Fresh market tomatoa 
monocu 1 t ure i ntercrop 

Pes t i c ide  spraying 
Ave. number 
Range 

Fer t  i 1 i ze r  appl i ca t  ions 
Ave. number 
Range 

I r r i g a t i o n s  
Ave. number 
Range 

Weeding & i n t e r t i l l a g e  
Ave. number 
Range 

a ~ u r v e y  o f  f resh  market tomato producers, 1975/76 season, i n  Kaohs iung and Tainan 
Count i es. b ~ u r v e y  o f  process i ng tomato producers, 1974/75 season, i n Ta i nan 
County. 

Table 25. Value o f  exported f resh market tomato and processed tomato products, 
Taiwan, 1967-75. 

Processed tomato products Fresh market tomato 
Year va 1 ue no. o f  va 1 ue no. o f  

(USS1,OOO) countr ies (USS1,000) countr ies 

Source: 1) Export & Import Yearbook by Customs, M in i s t r y  o f  Finance, ROC 
(Fresh Market Value 1967-75 and Processing Products Value 1969- 72). 

2) Taiwan Exports o f  Canned Food, 1973, 1974, 1975, Taiwan Canners 
Associat ion (Processing Products Value, 1973-75). 



Training 
AVRDC1s research and produc t ion  t r a i n i n g  programs o f f e r  a wide range 

o f  o p p o r t u n i t i e s  t o  vegetable research workers and produc t ion  s p e c i a l i s t s  
i n  t r o p i c a l  count r ies .  The p a r t i c i p a n t s  l ea rn  by doing a t  t he  s i d e  o f  
AVRDC1s s c i e n t i f i c  s t a f f .  Upon t h e i r  r e t u r n  home, they st rengthen na t i ona l  
programs and serve as va luab le  cooperators i n  the  t e s t i n g  o f  AVRDC breeding 
m a t e r i a l s  and technology under l o c a l  cond i t ions .  

During 1976, 57 t r a i nees  from 9 coun t r i es  p a r t i c i p a t e d  i n  var ious 
t r a i n i n g  programs. Trainees working on tomato research included: 

Hem& S. Bedekm, I n d i a  - r e a c t i o n  o f  v a r i e t i e s  t o  w i l t s  and eva lua t i on  
o f  seed y i e l d s .  

Seung J h  h, Korea - screening Fi hybr ids  f o r  v i r u s  res is tance.  

J&e B. Rebigan, P h i l i p p i n e s , -  tomato reac t i on  t o  excessive moisture.  

Ckin-Cki Umg, R.O.C. - reac t i on  t o  b a c t e r i a l  w i  1 t and se ro log i ca l  s t ud ies  
on t h e  tomato s t r a i n  o f  po ta to  v i r u s .  

AuguhXo P. Lamigun, P M p p i n e s ,  and Ying-Ren Chen, R.0.c. - performance 
of tomato w i t h  and w i t h o u t  i r r i g a t i o n ,  and tomato y i e l d  t r i a l .  
M& E. OLi,  Surinam - m u l t i p l e  cropping.  

Ckia-Ckie Chen, R.O.C. - e f f e c t  o f  water logg ing  and N-benzyladenine on 
growth o f  tomato. 

RodoL&~ G. F L o t u ,  Pemethio V .  Onta, and Amadat 8. Rcrqt~u, Phi 1 ipp ines  - 
e f f e c t s  o f  compost and f e r t i l i z e r s  on tomato y i e l d s .  

A t r a i n i n g  brochure which descr ibes t he  t r a i n i n g  o p p o r t u n i t i e s  a t  
AVRDC i n  g rea te r  d e t a i l  i s  a v a i l a b l e  by w r i t i n g  t o  the  T r a i n i n g  Of f i ce r .  
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Melor Rejab, ass is tan t  t o  D r .  Thean So0 Tee B. Khai 1,  spec ia l  i s t  o f  the H o r t i c u l t u r a l  
o f  MARDI, Selangor, West Malaysia, e x h i b i t s  Research I n s t i t u t e  o f  Indonesia, showing 
one o f  7 l i n e s  they se lected from 50 AVRDC r e s i s t a n t  AVRDC l i n e .  W i l t  i n fes ted  check 
genotypes of SSD l i n e  555 (Fs) f o r  outstand- v a r i e t y  ou onset) i s  shown i n  the  foreground. 
i ng performance, 

International Cooperators 
Sarawak, East Malaysia: Don D. Cobb, Methodis t  Rural  L i f e  Center, 
ob ta ined  y i e l d s  o f  5 t o  16 t /ha from 10 AVRDC l i n e s  he t es ted  d u r i n g  t he  
r a i n y  season. Th i s  performance was impress ive because no o t h e r  c u l t i v a r s  
could be grown successfu l  l y  due t o  b a c t e r i a l  wi 1 t and heavy r a i n s  (580 mm 
du r i ng  t he  c ropp ing  season). 

Selangor, West Malaysia: D r .  Thean Soo Tee o f  MARDI had good r e s u l t s  w i t h  
AVRDC l i n e s  i n  t e s t s  o f  b a c t e r i a l  w i l t  r es i s t ance  i n  a peat s o i l  a t  the  
Ja lan  Kebun Experiment S ta t ion .  D r .  Tee and ass i s t an t ,  Miss Melor Rejab 
t es ted  50 genotypes o f  SSD 1 i n e  555 (FS) ,  which i s  a t r i p l e  cross o f  
VC 8-1-2- l /~aturn//Kewalo, and se lec ted  7 ou ts tand ing  1 ines on t he  bas i s  o f  
b a c t e r i a l  w i l t  res is tance ,  heat to le rance ,  and f r u i t  s i z e  f o r  l a r g e  sca le  
eva lua t i on .  They consider  t h e  r e s i s t a n t  genotypes a breakthrough and 
p l a n  t o  p i c k  one o r  two t o p  per formers f o r  m u l t i p l i c a t i o n  and d i s t r i b u t i o n  
t o  farmers. Tomatoes have had t o  be g r a f t e d  t o  w i l t  r e s i s t a n t  eggplant  
r o o t  s t ock  i n  t h e  past .   a able 26).  

Singapore - F o r t y  tomato l i n e s  were sent t o  t he  Sembawang F i e l d  Experiment 
S t a t i o n  o f  t h e  Primary Produc t ion  Department f o r  t e s t i n g .  The performance 
o f  t h e  bes t  f i v e  o f  these 1 ines i s  presented  a able 27).  Obviously,  
these l i n e s  have g rea t  p o t e n t i a l  under Singapore cond i t i ons  s ince  no 
tomatoes can be grown i n  Singapore unless g r a f t e d  t o  a w i l t - r e s i s t a n t  
roo ts tock .  W i l t - s u s c e p t i b l e  m a t e r i a l s  when grown i n  t he  same f i e l d  were 
complete ly  wiped ou t  by b a c t e r i a l  w i l t .  F r u i t  s i z e  was considered w i t h i n  
acceptable range f o r  t h e  Singapore market. 

Indonesia: Sujoko Sahat, H o r t i c u l t u r a l  Research I n s t i t u t e ,  repor ted  70 
t o  90% s u r v i v a l  o f  AVRDC breeding l i n e s  under w i l t  i n f e c t i o n  cond i t i ons .  
Saturn had 50 t o  60% s u r v i v a l  and Bonset, t h e  check v a r i e t y  was 100% in fec ted .  
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Table  26. The bes t  y i e l d i n g  V C  8-1-2- I /Saturn / /~ewalo  l i n e s  i n  p r e l i m i n a r y  
t r i a l ;  1976, West ~ a l a ~ s i a . "  

SSD no. 
Y i e l d  F r u i t  Days t o  s u r v i v a l C  

pe r  p l a n t  pe r  hab s i z e  f l ower ing  r a t e  

a  
P lanted J u l y  12; data  a r e  means of  40 t o  60 p l a n t s .  b ~ l a n t  p o p u l a t i o n  was 

49,383 p lants /ha.  C ~ n d e r  n a t u r a l  e p i  p h y t o t  i c of  Pseudomonas sotanacearum; 
check c u l t i v a r  was complete ly  wiped out  by the  disease. ( F i r s t  successfu l  
use o f  SSD method f o r  r a p i d  genera t ion  advance i n v o l v i n g  3 r e s i s t a n t  
sources t o  P. soZanaceamun. 

Tab le  27. Impor tan t  h o r t i c u l t u r a l  t r a i t s  o f  f i v e  tomato l i n e s  f rom AVRDC 
(Eva1 ua ted  i n  ~ i n g a ~ o r e ) ~ .  

AVRDC s e l e c t i o n  Ped i g  ree  S u r v i v a l b  F r u i t C  F r u i t  
( o r  acc. n o . )  ( o r  c u l  t i v a r  name) r a t e  w e i g h t  s e t t i n g  r a t e  

" ~ d a ~ t e d  f rom J o u r l .  o f  P r imary  I n d u s t r i e s  5 ( 1 ) ;  y i e l d  range f o r  t h e  l i n e s  
was 25 t o  40 t / h a .  b ~ n d e r  n a t u r a l  e p i p h y t o t i c  o f  b a c t e r i a l  wi 1 t ;  means o f  
240 p l a n t s .  c ~ v e r a g e  w e i g h t  o f  50 randomly p i c k e d  f r u i t s .  

Japan: Dr. Sadao N ish i  , p l a n t  breeder o f  t h e  Vegetable and Ornamental 
Crops Research S t a t i o n  reports  t h a t  2 AVRDC breeding 1 ines ,  32d-0-1-4-0 and 
246-0-4b-2-0, showed e x c e l l e n t  res is tance  t o  b a c t e r i a l  s t r a i n s  h e  used. 
They were more r e s i s t a n t  than any of 31 l i n e s  tes ted .  



D r .  Osamau Takahashi, p l a n t  breeder f o r  the  T a k i i  Seed Co., found 
v a r i a b l e  res is tance t o  w i l t  s t r a i n s  a t  d i f f e r e n t  l oca t i ons  f o r  some AVRDC 
accessions. Accession 39; 8; and 4045, f o r  example, were r e s i s t a n t  i n  
the  Phi 1 ippines; 274 was r e s i s t a n t  i n  Hawaii. Most 1 ines were r e s i s t a n t  
t o  Fusariwn, which was s u r p r i s i n g  since, w i t h  the  except ion o f  274 and 
4045, the  1 ines had no t  been tes ted  against  Fusarium. 

Ph i l i pp ines :  Ma te r i a l s  t es ted  i n  Guam and S r i  Lanka were a l s o  tes ted  i n  
Davao, P h i l i p p i n e s   a able 28). S r i  Lanka had the  h ighes t  y i e l d s  and Guam, 
t h e  lowest. Guam and Davao repor ted b a c t e r i a l  w i l t .  KL 1, which i s  w i l t  
suscept ib le  i n  Taiwan and Davao, was no t  a f f ec ted  by the  w i l t  s t r a i n s  a t  
Guam. Guam farmers who cooperated i n  an is landwide t r i a l  o f  the most 
promising l i n e s  were s a t i s f i e d  by the  performance except f o r  the  s i z e  of  
f r u i t ,  which ranged from small  t o  medium. I n  Davao, two l i n e s  were used 
i n  semi-commerical sca le  by the  Davao F r u i t  Corp. 

Research workers i n  the  Ph i l i pp ines  se lec ted  from AVRDC breeding 
ma te r i a l s  several l i n e s  t h a t  produced good y i e l d s  when p a r t i a l l y  shaded 

Tab le  28. Marke tab le  y i e l d  performance o f  AVRDC breed ing  l i n e s  a t  3 l o c a t i o n s  
a compared t o  l o c a l  c u l t i v a r s .  

AVRDC s e l e c t  i o n  
( o r  acc.  no.) 

Loca t i o n  Average 
Guam Davao S r i  Lanka 

-------- ( k g / p l o t )  ------- ( t / h a )  

123-4-3-0 ah TM-2a/VC 8- 1-2-1 7 (7) 34 (1) 30 (7)  29 

32d-0-1-2-0 VC 9-1-2-3/Venus 2(17) 29 (2) 32 (4) 26 

30-0-4- 18-0 V C  9-1- aturn urn 4(12)  27 (5) 29 (8) 25 

32d-0-1-7-0 VC 9-I-2-3/Venus 3(15)  26 (6) 31 (6) 25 

32d-0-1-10-0 vc 9-I-2-3/Venus l ( 1 9 )  23 (8) 36 (1) 25 

32d-0-1-15-0 VC 9-1-2-3/Venus 3(14)  27 (4)  24(11) 2 2 

(1 VC 48-1' 4(13) 28 (3) 18(17) 2 1 

32d-0-1-13-0 VC 9-1-2-3/Venus 2(16) 24 (7) 25(10) 2 1 

(245) KL ld 9 ( 6 )  3(17) 33(3)  19 

___________-___------------------------------------------------------------------ 
LSD 0.05 0.7 3 12 

C.V. (%) 7 26 29 

a A l l  v a l u e s  a r e  means o f  3 r e p l i c a t i o n s ;  combined a n a l y s i s  o f  v a r i a n c e  was n o t  
conducted because v a r i a n c e  were heterogenous . b ~ u m b e r s  i n parentheses r e f e r  t o  
r a n k i n g  w i t h i n  l o c a t i o n ;  y i e l d  range i n  Guam was 1 t o  14 k g / p l o t ,  6 t o  29 k g / p l o t  
i n  Dava and 15 t o  36 k g / p l o t  i n  S r i  Lanka. CCommon r e s i s t a n t  check t o  b a c t e r i a l  
w i  1 t .  'Common s u s c e p t i b l e  check. 



o r  grown i n  an u n t i l l e d  paddy f i e l d  f o l l o w i n g  r i c e  (see Tables 9 and 10). 
These a t t r i b u t e s  a re  p a r t i c u l a r l y  use fu l  i n  developing tomato ma te r i a l s  
f o r  i n tens i ve  cropping systems. 

We were a l s o  encouraged by a repo r t  from researchers a t  the  
Phi 1 i pp ine  Sugar Research l n s t i  t u t e  (PHI LSUGIN) t h a t  8 o f  our  breeding 
l i n e s  d i d  very  w e l l  du r i ng  the  ho t ,  wet season when in te rc ropped w i t h  
sugar cane (Table 29).  Cane and sugar y i e l d s  were gene ra l l y  no t  a f f ec ted  
by the i n t e r c r o p  except i n  one case which was due t o  a low percentage of 
cane rep lan t s  and harvest  o f  t he  cane a t  10 months (be fo re  f u l l  m a t u r i t y ) .  

Advantage of a tomato crop t h a t  can be grown between sugarcane rows 
i n  t he  r a i n y  season would be t o  g i v e  farmers a d d i t i o n a l  income w h i l e  
w a i t i n g  f o r  t he  sugar c rop  t o  be harvested. P r i ces  f o r  tomatoes du r i ng  
t he  r a i n y  season a r e  as much as 10 times h ighe r  than normal i n  La Ca r l o ta  
C i t y  and neighbor ing areas. 

The U. P. Research and T ra in i ng  S t a t i o n  a t  La Ca r l o ta  C i t y  a l s o  
screened 124 SSD 1 i nes o f  CL 554 and 179 1 i nes of CL 549 from AVRDC f o r  
heat to le rance  and b a c t e r i a l  w i l t  res is tance .  Both popu la t ions  were of  
t he  F4 generat ions. S. R. Gumasing and R. M. Payson a l s o  evaluated t he  
performance o f  148 breeding 1 ines from AVRDC. Best per forming 1 ines a re  
presented i n  Table 30. 

I n  a d d i t i o n  t o  conduct ing 4 tomato s tud ies  a t  the Bureau o f  P lan t  
I n d u s t r y ' s  Economic Garden Experiment S ta t i on ,  t he  s t a f f  o f  t he  AVRDC 
P h i l i p p i n e  Outreach Program d i s t r i b u t e d  32 se ts  o f  tomato seeds f o r  

Table 29. Marketable y i e l d s  o f  tomato, cane, and sugar f o r  two tomato/sugarcane 
in te rc ropp ing  experiments; 1975-76, PHILSUGIN, Ph i l i pp ines .  a 

T r i a l  I T r i a l  I I 
AVRDC tomato cane sugar AVRDC tomato cane sugar 

s e l e c t i o n  no. y i e l d  y i e l d  y i e l d  se lec t i on  no. y i e l d  y i e l d  y i e l d  

t /ha TC/ha PS/ha t /ha TC/ha PS/hS 

Cane alone 0 60 125 Cane alone 0 6 1 126 

------------------------------------------------------------------------------------- 
LSD 5% 3 14 2 8 4 n s n s 

a~ugarcane p lan ted  May 12, 1975 (onset o f  r a i ny  season) a t  30,000 cu t t ings /ha  1-month 
tomato seedl ings were immediately t ransplanted between 1-m rows o f  cane. Tomato 
harves t ing  began 65 days a f t e r  t r ansp lan t i ng  and las ted  fo r  23 days. Cane was harvested 
Apr 1, 1976. b ~ h e  lower cane y i e l d  resu l ted  from e a r l y  harvest .   ha = p i c u l  sugar 
per hectare, 



Table 30. The ten best performing 1 ines i n  an observat ional t r i a l ;  1975-76, 
Un ivers i ty  o f  Ph i l ipp ines  Research and Tra in ing  Station, La 
Carlota C i ty ,  Negros Occ., phi lip pine^.^ 

AVRDC select  ion 
no. Pedigree Y ie ld  F r u i t  

per p lan t  ha s i ze  

(kg) ( t /ha) (9 ) 

8d-0-7-1-0-1 VC 11-1-2-l/Venus 0.86 29 5 1 

122-0-3-5-0-2 ah TM- 2a/VC 1 1 - 1 0.84 28 60 

141 -0-2-5-0-2 VC 48-1/KL 2 0.75 25 50 

11d-0-1-1-0-2 VC 9- 1 -2-g/Venus 0.73 24 4 1 

8d-0-7-1-0-2 VC 11-1-2-1/Venus 0.70 23 58 

9d-0-6-1-0-1 VC 11-1-2-l/Saturn 0.67 22 56 

122-0-5-3-0-2 ah Tm 2a/VC 11-1 0.62 2 1 3 9 

7-0-9-2-0-2 VC 11-1-2-l /Flor ida MH-1 0.62 2 1 62 

9d-0-3-9-0-2 VC 11-1-2-l/Saturn 0.55 18 7 9 

141 -0-1 -6-0-2 VC 48-1/KL 2 0.54 18 78 

a ~ l a n t e d  i n  December, 1975. 

t r i a l s  by var ious research i n s t i t u t i o n s  throughout the  Ph i l i pp ines .  I n  
these nat ion-wide t r i a l s ,  AVRDC 1 ines produced y i e l d s  s i g n i f i c a n t l y  
h igher  than v a r i e t i e s  l o c a l l y  ava i l ab le .  Results o f  se lec ted  t r i a l s  
shown i n  Table 31 i l l u s t r a t e  the  magnitude o f  the  increases i n  y i e l d .  

AVRDC tomato s e l e c t i o n  32d-0-1-15-0 grown a t  the  Economic Garden i n  
Los Banos has y ie lded  28 t o  75% higher  than the l oca l  v a r i e t i e s - -  Improved 
Pope and VC 13. At Mindanao I n s t i t u t e  o f  Technology i n  Cotabato, the  
y i e l d  o f  a s i s t e r  l i n e  32d-0-1-4-0 was 2.8 times the y i e l d  o f  the  l o c a l  
v a r i e t y ,  VC 11. A t  Centra l  Luzon State U n i v e r s i t y  i n  Nueva E c i j a  another 
AVRDC tomato l i n e ,  l ld-0-1-2-0,  se lected a t  the Center i n  Taiwan where the  
crosses were performed, produced a y i e l d  1.5 times t h a t  of the  tomato 
v a r i e t y  UPCA 2029, grown l o c a l l y  i n  Nueva E c i j a   a able 31). 

The present in fo rmat ion  from such l i m i t e d  t r i a l s  ind ica tes  two f a c t s  
o f  major importance: (1) t h a t  from a massive breeding program based on a 
world-wide germplasm c o l l e c t i o n ,  s i g n i f i c a n t  increases i n  y i e l d s  a re  
poss ib le ;  and (2) the  d i f f e r e n t  responses o f  breeding 1 ines t o  d i f f e r e n t  
l oca t i ons  show tha t  na t i ona l  t r i a l s  need t o  be continued before the best  
l i n e s  f o r  each l o c a t i o n  can be determined. The P h i l i p p i n e  Seed Board, as 
a r e s u l t  o f  these t r i a l s ,  recommended 15 AVRDC l i n e s  t o  be included i n  the  
1977 a l l - P h i l i p p i n e  Tomato T r i a l s .  



Table 31. M e a n y i e l d s o f  marketable f r u i t  f o r  2 h ighes t  y i e l d i n g  e n t r i e s  i n  each 
o f  3 se lec ted AVRDC P h i l i p p i n e  Outreach Program t r i a l s  performed a t  
3 l oca t ions .  

Rank o f  
T r i a l  l o c a t i o n  Nameof e n t r y  e n t r y  

Y i e l d  % of 

w i t h i n  t r i a l  t /ha l o c a t i o n  check 

Los ~anos'  CL32d-0- 1 - 15-0 d 1 

l mp roved Pope 13 
( l o c a l  check) 

VC 13-2-1 
( 1 oca 1 check) 

Mean o f  30 e n t r i e s  3 2 

LSD 5% 11 

Nor th  C L32d-0- 1 -4-0 
cotabatob 

CL32d-0- 1 - 15-0 

VC 11 ( loca 1 check) 8 15 100 

V C 8 - 1 - 2 ( l o c a l  check) 21 4 2 7 
............................................................................. 
Mean o f  30 e n t r i e s  10 

LSD 5% 7 

Nueva ~ c i  jaC CLl ld-0-1-2-0' 1 

UPCA 2029 ( 1 oca 1 check) 8 

Mean o f  21 e n t r i e s  

LSD 5% 
- 

u p h i l i p p i n e  Outreach Center, BPI, Economic Garden, Los Banos. b ~ i n d a n a o  
I n s t i t u t e  o f  Teachnology, Dr. R. T. G lo r ia ,  cooperator.  CCentral  Luzon 
Sta te  Un ive rs i t y ,  D r .  F. F. Campos, cooperator.  d ~ ~ 3 2  1 ines a r e  from a 
cross between VC 9-1-2-3 and Venus. eCLl l  l i n e s  a re  from a cross between 
VC 11-1-2-9 and Venus. f ~ ~ 1 4 3  1 ines a re  from a cross between V C  48-1 and 
Tamu Chico I l l .  



S .  R. Gumasing and N .  C a b r i l l o s  inspect one I n  contrast  t o  t h e  r e s i s t a n t  AVRDC l i n e  
o f  148 AVRDC breeding l i n e s  they eva luated 33d-0-2-1-0 behind Dr.  A. J.  Quirnio, patho- 
i n  1976 a t  the  U n i v e r s i t y  o f  the  P h i l i p p i n e s  l o g i s t ,  U n i v e r s i t y  of  t h e  P h i l i p p i n e s  a t  Los 
Research and T r a i n i n g  S t a t i o n .  See Table  30 Baiios, t h e  check v a r i e t y  shows severe bacte-  
f o r  performance o f  best  l i n e s .  r i a l  w i l t  i n f e s t a t i o n .  

The s i n g l e  seed descent (SSD) method o f  s e l e c t i n g  m a t e r i a l  f o r  va r ious  
l o c a t  ions (descr ibed i n  t he  1974 AVRDC Annual ~ e p o r t )  seems we1 1 adapted 
t o  the  out reach concept. At  AVRDC crosses were made from se lec ted  tomato 
m a t e r i a l .  The l i n e s  were advanced f o u r  generat ions w i t hou t  se l ec t i on .  
Then t he  m a t e r i a l  was d i s t r i b u t e d  i n  t he  P h i l i p p i n e s  f o r  s e l e c t i o n  under 
l o c a l  cond i t i ons .  Dur ing t he  wet season o f  1975, 134 SSD l i n e s  o f  cro9s 
CL 554 F 4  (VC 8-1-2-1/Venus) and 180 SSD 1 ines from cross CL 549 F4 (VC 48- 
l / s a t u r n )  were p l an ted  i n  a f i e l d  w i t h  P. S o t a n a c e a m .  Out o f  t he  314 
l i n e s ,  17 surv ived .  Seeds from the  s u r v i v i n g  p l a n t s  were p lan ted  du r i ng  
t h e  wet season o f  1976 i n  a p o o r l y  d ra ined  f i e l d  h i g h l y  in fes ted  w i t h  P. 
sotanaceamun. A1 1 o f  t h e  17 1 ines surv ived   a able 32) .  Surv iva l  r a t e  
(NO. p l a n t s  s u r v i v i n g / t o t a l  No. ~ l a n t e d )  increased from 1.2% i n  1975 t o  
16.2% i n  1976. A 47 percent  s u r v i v a l  r a t e  was the maximum observed. 
Seeds were saved f o r  p l a n t i n g  i n  t h e  1977 wet season. 

Table 32. P lan t -surv iva l  performance o f  SSD tomato t r i a l  o f  1976 contrasted 
w i t h  1975 t r i a l  t o  show improvement i n  b a c t e r i a l - w i l t  res is tance 
through se1ection.a Tomato l i n e s  grown i n  poor ly  drained f i e l d s  
heavi l y  in fes ted  wi t h  P. so tanaceam.  (phi 1 i ppines Outreach Program 
t r i a l s  performed a t  Economic Garden, Los ~a f ios . )  

Year 
Mean % of  No. p l an t s  Mean % of No. l i n e s  

su rv i v i ng  su rv i v i ng  

1975 1.3 5 

1976 16.2 100 
........................................................................... 

% i mp rovemen t 1146.0 1 900 

a Seeds from su rv i va l s  i n  1975 t r i a l  saved f o r  p l an t i ng  i n  1976 t r i a l .  
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Appendix 

Weather. The amount of  p r e c i p i t a t i o n  i n  1976 (1357 mm) a t  AVRDC was 42% 
less  than t h a t  occur inq i n  1975 (2380 mm) and 23% below the  73-year mean - - 

o f  1771 mrn/yr (1897-1970)~.  here- were 75 r a i n y  days (normal i s  107) and 
most o f  t he  r a i n f a l l  occured i n  J u l y  and August ( ~ i g .  1 ) .  I n  a d d i t i o n ,  
a v a i l a b l e  s o l a r  energy f o r  1976 was 1.3% above t he  5-year average f o r  
Tainan C i t y  (Fig. 2). 

F ig .  1. Monthly p r e c i p i t a t i o n  and evaporat ion data  f o r  1976 a t  AVRDC compared 
w i t h  means from 1897 t o  1970 and from 1900 t o  1970, r e s p e c t i v e l y ,  f o r  Tainan 
C i  t y  . ( ~ e f e r e n c e :  Cent r a  1 Weather Bureau, 1974, Summary t o  me teo ro log i ca l  
data -- Taiwan. Vol 1 1  I) .  

~ a l o r  ies/cm2 per day (monthly average) 

F ig .  2. So lar  r a d i a t i o n  du r ing  1976 a t  AVRDC compared w i t h  5-year average 
a t  Tainan C i t y .  

5 0 0  

400 

300 

2 0 0  
4, 

a C e n t r a l  Weather Bureau. 1974. Summary o f  Meteoro log ica l  Data-Taiwan, 
Vol. I l l .  Ta ipe i ,  Taiwan, R. 0. C. 
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Daytime temperatures were h igh  from May through October (above 30°c), 
and minimum temperatures were above 21°c (F ig.  3 ) .  During the w i n t e r  
months ( ~ e c ,  Jan, Feb), temperatures o f t e n  dropped below 14O~,  and daytime 
maximum temperatures ranged from 22OC t o  25OC. Soi 1 temperatures (10 cm 
depth) were s l i g h t l y  coo le r  than the mean daytime temperatures. 

The day length  a t  AVRDC ranges between 13 h r  and 33 min on Jun 21 t o  
10 h r  and 43 min on December 21. I f  c i v i l  t w i l i g h t  i s  considered, an 
a d d i t i o n a l  hour and 20 minutes should be included. 

Dur ing 1976, th ree  weak t r o p i c a l  storms occured; however, damage t o  
experimental crops i n  the  f i e l d  was minimal, 

S o i l .  Although fou r  s o i l  se r i es  a re  present i n  the  Experimental Farm, - 
80% o f  t he  area cons is ts  o f  the Take ser ies .  I n  general,  the s o i l  i s  
moderately w e l l  dra ined and i s  der ived  from a calcareous a l l u v i a l  parent 
ma te r i a l .  The s o i l  type i s  a s i l t  loam w i t h  approximately 1.4% organ ic  
mat ter .  

The mean bu l k  dens i t y  o f  t he  s o i l  i s  1.67 g/cm3. The water a v a i l a b l e  
t o  p l a n t s  ranges from 23% ( f i e l d  capac i ty )  t o  8% ( w i l t i n g  p o i n t ) .  The 
experimental f i e l d s  a re  i r r i g a t e d ,  when necessary, from we1 1s ranging i n  
depth from 20 t o  50 m. 

Temperatures O C  (monthly mean) 

( 1976) : 

Soil temp ( lOcm)( 1976) : x----x 

01 ' I 1 1 I I I 
I I I I I I 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

F ig .  3. Temperature ranges f o r  1976 compared w i t h  the  means f o r  Tainan C i t y  (1897-1970). 
Soi 1 temperatures (10 cm depth) f o r  1976 a re  a l s o  included. 
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vc 9 
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10 

10 
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Index to Tomato Crosses 
AVRDC Cross No. Parentals C i t a t i o n  Page 

1084 VC 48-1, Saturn ah TM-2a, VC 11 7 

1094 VC 9, F lo r i da  MH-1, ah TM-2a, VC 8 7 

1104 VC 9, Saturn, ah TM-2a, V C  11 7 

1131 VC 48-1, Tamu Chico I l l ,  ah TM-2a, VC 11 7 

1154 VC 9, Venus, VC 11, Venus 

1169 Floradel ,  ah TM-2a, VC 9 

143 VC 48-1, Tamu Chico I l l  

9 VC 11, Saturn 

11 VC 9, Venus 

7 VC 11, F lo r i da  MH-1 

32 VC 9 ,  Venus 

33 VC 9, Saturn 9 

122 ah TM-2a, VC 11 

179 VC 11, Tamu Chico I I  I 

8 VC 11, Venus 

123 ah TM-2a, VC 8 

114 TK 3, VC 8 

119 TK 70, F lo r i da  MH-1 

103 Roma, VC 48-1 

124 Select ion o f  TK T-2 

30 VC 49-1-l/Saturn 

554 VC 8, Venus, Kewalo 14 

61 8 VC 48- 1 /KL 1 1 1  339/OTTAWA 66 ( ~ 3 )  16 

SSD 555 VC 8, Saturn, Kcwalo 36 

246 (TR/VC 48- 1 ) - 17- 1 FJMana 1 uc i e 37 
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435 
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547 
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141 

SSD 554 

SSD 549 

Index t o  Tomato Crosses (Cont Id)  
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VC 9- 1-2-gB/Venus// TK 70 39 

VC 9-1 UG/Saturn// TK 70 39 

VC 48-1/Flor ida MH-14 Kewalo 39 

VC 9-1 UG/Venus// TK 70 39 

VC 8, KL-2 40 

VC 8, Venus 39,42 

VC 48- 1 , Saturn 39,42 
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