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FOREWARD 

This Proceedings contains papers presented at the 1st Internationa1 
Symposium on Tropica1 Tomato. He1d at the Asian Ve0etab1e Research and 
Deve10pment Center (AVRDC) in Taiwan on 23-27 October , 1978. 

The fo11owing notes app1y to the 27 papers pub1ished herein. All 
references to tomato are to LyσopeY'siσon esculentum Mi11. , un1ess other­
wise noted. The metric system is used throughout the Proceedings and a11 
currency is in US$ based on 1oca1 currency equiva1ents at time of pub1i­
cation. A single asterisk (女) means statistica11y significant at the 
5% 1eve1; a doub1e asterisk (女賣) means significant at the 1% 1eve1. Ref­
erences cited are 1isted in the text _by number and refer to the corres­
ponding citation at the end of the respective paper. As a point of 
c1arification , AVRDC defines "the tropics" to inc1ude the area between 
。由 30

V north and south 1atitudes for purposes of its experiments. Non­
AVRDC authors may or may not use the same definition. 

The Editor sincere1y thanks the staff of AVRDC's Office of Informa­
tion Services and the many peop1e who assisted in the time1y preparation 
of this Proceedings. Specia1 appreciation goes to a1l the sponsoring 
organizations and their staffs , to the many who organized the Symposium 
and worked to make it a success. and to all who attended and carried 
back to their countries information about the tropical tomato. 

Robert Cowe11 
Editor 
AVRDC 

• correct citation: Asian Vegetable Research and Deve10pment Center. 
1979. IProceed i ngs of the 1 s t 1 nterna t i ona 1 Sym­

_., posium on Tropica1 Tomato ,/ Oct. 23-27 , 1978 at 
Shanhua , Taiwan , Republic' of China. 
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INTRODUCTION 

The 1st Lnternationa1 Symposium on Tropica1 Tomato represents sever­
a1 points of áêhievement and decision in tropica1 agricu1ture. The cu1-
mination of 5 years of intensive research and testing by AVRDC has brought 
about tomato production on farms where high temperatures and disease had 
prevented tomato growing before 1977. Three cooperating countries have 
re1eased tomato varieties to farmers after successfu11y se1ecting and 
testing AVRDC mater、 ia1s in nationa1 agricu1tura1 research programs. These 
achievements , and many other favorab1e reports~ derive from solution to 

, two basic prob1ems: to1erance to high night temperatures and resistence 
to bacteria1 wi1t. Other problems remain . 

In addition to reviewing the internationa1 status of tomato research , 
AVRDC sought to obtain from the Symposium participants an eva1uation of tRe 
needs and pri ori ti es for resea rch 'on the tropi ca 1 toma to 's rema i n i ng prob 咀
1ems. As might be expected , the group genera11y fe1t that so much work 
remained that AVRDC shou1d not reduce the emphasis it p1aces on the crop. 
Problems of virus diseases , Stemphyliwn and stem rots , nematodes , fruit 
size and qua1ity , and management techniques suitab1e for wet monsoon c1i­
mates remain to be solved. 問uch work on post- harvest hand1in~ and market­
ing for sma1l-ho1ders is also rèquired , a1though this is somewhat outside、
AVRDC's mandate. 

The principal sponsors of the Symposium , AVRDC and the United States 
Agency for Interriational Development , were joined by many other contribu­
tors. The governments of Japan and the Repub1ic of China , the Philippine 
Packing Corporation , the Wor1d Bank , and several US universities provided 
al1 or part of the cost of their participation. Other contributors were 
the Asia-Pacific Food & Ferti1izer Technology Center , the International 
Potash and Phosphate Institute , the Campbell Institute of Agricultural 
Research , and the Taiwan Pineapple Corporation. We are also grateful to 
the local contributors for their hospitality and assistance: President 
Enter、prises ， Taiwan Kagome , and Known-You Nursery and Seed companies , 
among others. 

The Director-General of Posts of the Republic of China honored the 
Symposium and AVRDC by issuing two stamps depicting the tropical tomato 
(see over). 

More than 140 participants representing 57 organizations from 20 
countr、 ies gathered to exchange and expand current information on tomato 
production in the tropics. Observers were sponsored by: the International 
Agricultural Development Service; Rural Development Corporation , Ma1aysia; 
Methodist Rural Life Development Program; Pohang State Agricultural Devel­
opment Corporation , Malaysia; CATIE , Turrialba , Costa Rica; the Philippine 



Packing Corporation; the Asian Development BankjAVRDCjKorean Outreach Pro ­
gram; the Sugar Industry Research Institute ，開auritius; Xavier University , 

Philirpines; B.M. Domingo , 'Philippines; and the Takii Seed Company , Japan. 

We are grateful to all the participants for making this meeting an 
event of significance to the farmers of tropical Asia . 
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TOMATO PRODUCTION IN THE TROPICS - PROBLEMS AND PROGRESS 

R.L. Villarealα 

Lyσopers臼on esσulentum originally came from tropical Mexico to Peru. 
All tomato varieties in Europe and Asia descend from seeds taken from 
Latin America to Europe and Asia by Spanish and Portugese merchants 
during the 16th century. African tomatoes on the other hand , were intro­
duced by European merchants or colonizers. Thus , today , modern cultivars 
and hybrid tomatoes can be grown and produce fruit in climates far 
different from the site of origin. 

In 1975 , the world production of tomatoes was 39.5 million t (Table 1). 

It is obvious that the leading tomato producers are in the tempe­
rate regions of the world. The highest yields also are found in tempe-
ra te countr‘ ies. Yield trends among the best and the worst tomato growers 
show that tomato yield in the tropics is much lower than în the temperate 
zones (Table 2). There was an increase of only 7.7% over a period of 9 

Table 1. Tomato production by country.α 

Country 1000 T 

u. S. A. 8 ,620 

u. S. S. R. 3,590 
Italy 3 ,545 

Spain 2,309 

Turkev 2 ,250 

Greece 1,826 
Egypt 1,750 

Romania 1,243 
Japan 880 

αRef. 6. 

αProgram Leader , Horticultural Crops , and Plant Breeder , Asian Vegetable 
Research and Development Center , P.O. Box 42 , Shanhua , Tainan 741 , Tai­
wan , ROC. 
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Tab1e 2. Comparative tomato yie1ds between tropica1 and temperate countries. 
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- % change­

+7.7 
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-10. 。
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+28. 。

+38.2 

。
-14.3 

5.3 

+58.8 

+39.2 
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b Adapted from ref. 6. ~ Data are from the highest and 1Qwest nationa1 
σ averages in tropica1 Asia , Africa , and Latin Amer司 ica. VData reported 

are from 3 highest and 3 10west national averages in temperate countries. 

years in the tropics , compared to 38.2% in the temperate zone during the 
same period. The range in the tropics was between 1-33 t j ha , compared to 
10-202 tjha in the temperate zone. The high yie1ds in Be1gium , Norway , 
and Denmarkcame from crops grown mainly or total1y under glass. A more 
realistic high yie1d from fie1d production in the temperate region is 
39 tjha registered by the United States in 1975. 

PRODUCTION PROBLEMS 

In the tropics , tomatoes , like most vegetab1e crops , are norma1ly 
produced in mountain regions or in the low1ands during the coo1 season 
(10 ,11). Production per hectare has remained far be10w that of countries 
in the temperate zones (Table 2). Seeds of imported varieties bred for 
use in temperate c1imates are often the on1y ones avai1ab1e to farmers. 
Yield from these varieties is often 10w and normally erratic , especial1y 
when grown during the summer months. Because of this , tomato production 
in the tropics is character、 ized by extreme seasona1ity and low yields. 
The seasonal fluctuations in price and supp1y of fresh market tomatoes 
for Taiwan (Fig. 1) is typical of the pattern of variation observed in 
tropical markets (Tab1e 3). Thus , the use of unadapted varieties is 
one of the production constraintslimiting tropica1 tomato production. 
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Table 3. 

Ratio 
high/low Price/kg Price/kg 

-US$-

45 .90 .02 -0.5 baht - 18 bahts Thailand 

3 .36 .10 -40 rupiahs - 150 rupiahs 

10 .07 - .70 
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αßased on staff observations and personal 
erators. 

.20 - 1. 21 

communication with cooP-

Our cooperators in the tropical regions of Africa , Asia , and 
Latin America wrote us why they consider varieties grown in their res­
pective areas unadapted (Table 4). The listing shows that the tropical 
areas have many common problems with tomato cultivars. Those problems 
indicate that tomatoes in the tropics are grown both in the highlands and 
in the lowlands , as shown by diseases that are inherent in each location. 
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Table 4. 

Location 

Africa 

Reasons why temQerate-bred tomato cultivars are unadapted 
in the tropics; ~ AVRDC , 1978. 

Problems 

Susceptibility to bacterial wilt , early & late b1ight , 
viruses , fusarium wilt , root knot nematodes , poor 
fruit set due to heavy rainfa1l and high temperature , 
poor qua1ity fruits. 

Asia 
Same prob1ems as in Africa plus susceptibi1ity to septo­
ria 1eaf spot , gray 1eaf spot , leaf mo1ds , b1ack mo1ds , 
southern b1ight , and acid soi1s. 

Latin America ~am~ ~ro~lems ,as ~~ Afr~~a plus susceptibility to gray 
leaf spot , and spider mites. 

α Based on personal communication with cooperators in the tropics. 
Comments regarding Asia are from AVRDC staff travel. 

For example , bacter、 ial wi1t ( Pseudomo于1αs solanace仿um is a serious dis­
ease of tomato throughout humid areas , including many of the warm tem-
perate , semi-tropica1 and tropica1 countr汁 es (9). Most1y a lowland 
disease , it thrives at re1ative1y high temperatures(14). Late b1ight 
( Phytopthorα 切fes的ns ) on the other hand , is a fair1y common disease 
in the coo1er high1ands. The pathogen mu1tip1ies rapidly and to epi­
phytotic proportions during coo1 nights and moderately warm days with 
abundant moisture. Using adapted varieties wi11 minimize the risks in 
growing tomatoes in high1ands or 10w1ands at any season. 

The lack of appropriate cu1tura1 practices during both the wet and 
dry season is another barrier to successfu1 tropica1 tomato production. 
Some of the most critica1 barriers , especia11y during the wet season , 
are rapid mu1tip1ication of insect pests , diseases and weeds , high 
temperature , and heavy rainfa11. The risk of growing tomato in the tro­
pics wi11 be further reduced by using thè appropriate improved cu1tura1 
practices. 

The apathy towards vegetable research in general contributes to the 
two attendant problems of tomato production in the tropics. In deve-
10ping countr、 ies vegetab1e production ranks 10w in food production prio­
rities. Consequent1y , progress in improving vegetable productivity is 
slower than with cereals (Tab1e 5). Average yearly increases in cereal 
yie1ds range between 1.7 - 3.2%, whereas that of vegetab1es is between 
0.4 -1. 3 %. Because cereals have priority , vegetable research and pro­
duction gets inadequate financia1 support. It suffers a1so from 1ack of 
trained research staff , who will conduct experiments , and extension per­
sonnel , who wi11 extend infor、mation to vegetab1e farmers and backyard 
gardeners. And to make matters worse , no technician has yet been trained 
to dea1 special1y with on1y tomatoes. Trained personnel in a developing 
country must work on cerea1s first and other crops second. And , if 
assigned to work on vegetab1es , they must dea1 with severa1 kinds of 
vegetab1es , probab1y more than they can reasonably hand1e. 

9 



Table 5. Comparative % increase in yield between seleçted cereals 
and vegetable crops in developing countr汁 es. U-

Increase Avg. 
Crop 1965 1975 over yearly 

10 yrs lncrease 

一 ---tjha--一- -一一---% -----目--

Cereals 

Rice 1. 61 1. 98 22.7 2.3 

Corn 1. 13 1. 33 17.0 1. 7 

Wheat .98 1. 30 32.7 3.2 

Vegetables 

Cabbages 10.40 10.91 4.0 0.5 

Green beans 3.42 3.86 12.8 1. 3 

Sweet potatoes 7.09 7.41 4.5 0.4 

Tomatoes 11. 63 13.17 13.2 1. 3 

αAdapted from ref. 7. 

PROGRESS IN SOLVING TOMATO PRODUCTION PROBLEMS 

The creation of the Asian Vegetable Research and Development Center 
(AVRDC) has opened the way to solving many tropical tomato production 
problems through problem~oriented research , and the training of 
researchers and extensionists for various national programs. Additionally , 
more and more food production loans from various international funding 
institutions for research and manpower development include funds not 
only for cereals but for vegetables as well. Some examples are the 
programs in Indonesia , Nepal , Botswana , Dominican Republic , and Ecuador 
(8) . 

The creation of AVRDC establ i shed the first international agricul­
tural research and training organization responsible for improving the 
production and quality of selected vegetable and legume crops in the 
humid tropics. These crops are: mungbean , soybean , white potato , sweet 
potato , Chinese cabbage , and tomato (1 , 2, 3 , 4 , 5) . 

AVRDC functions under the same guiding principle as the other 
international centers -- an inter- disciplinary approach towards the 
resolution of key crop problems - since problems besetting crop production 
are never simple and always encompass sever、al well-defined disciplines. 
An example of how AVRDC operates in its Horticultural Crops Program is 
illustrated in Figure 2. 

Note , however , that AVRDC breeding lines go directly to national 
programs , where they are evaluated rigidly prior to recommendation for 
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commercial planting. AVRDC will neither release nor name varieties. 
Therefore , it is up to the national breeding programs to use AVRDC's 
materials. 

Screening I Hybridization 

(PA + PB) (PB) 

Initial 

evaluation 

(PA +PB) 

PA = Problem area scientist 

PB = Plant breeder 

Fig. 2. Flow of germplasm through the Horticultural Crops Program; 
AVRDC , 1978. 

TRAINING PROGRAM 

AVRDC has trained 111 specialists , and currently is training 58 
more (Fig. 3). These specialists come from 14 tropical countries. AVRDC's 
training program , similar to those at other international agricultural 
research centers , is designed to help meet the demand for properly trained 
and highly motivated agricultural specialists in tropical regions. 
Those trained at AVRDC have been our most vigorous and active cooperators 
in the evaluation of the breeding mater司 ials and technology which the 
Center develops. 

11 
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60 
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30 

20 

10 
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Fig. 3. Growth of AVRDC ' s training program; 1978. 

RESEARCH PROGRA阿

AVRDC has adopted the following strategies to help solve tomato 
production problems in the tropics: 

1. Germplasm collection and evaluation. The cornerstone of most success­
ful breeding programs is the availability of massive and diverse gene­
tic materials where desirable traits can bedrawn out when needed. As 
of October 1978 , AVRDC has collected and received donationsof 4752 
accessions from 79 countries. About 90% of our collection belongs to 
L . esσule忱的 ， the remaining 10% belongs to its - wild relatives (Table 
6) . 

The tomato germplasm has been subjected to repeated screening during 
the last 5 years , principally for bacterial wilt resistance and heat-
tolerance (i .e. , high temperature fruit setting ability). In addition , 
AVRDC pathologists have evaluated selected cultivars for resistance to 
other diseases. 

2.Hybridization and application of breeding 主笠扭扭坐三﹒ Desirable 
genotypes (i .e. , heat-tolerant and bacterial 們 lt resistant) identified 
in the screening program are used by the breeders in making crosses to 

12 



Table 6. Distribution of LyσopeY's王σon accessions by species; 
1978 , AVRDC. 

Species 
Number of accessions % Total 
1977 1978 1978 

L. excu 2. en七wn 4177 4225 88.9 

L. pimp土ne 2. 2.ifo 2. ium 244 245 5.2 

L. peY'uv乞αη肌 85 85 1. 8 

L. σ'heesmα:n毛f 4 4 0.1 

L. h乞Y'BUtωη 25 25 0.5 
suspected crosses 

L. esσu 2. eγztum/L . pimpine 2.2.土 - 166 166 3.5 
fo 2. ium 

L. esσu 2.entum/L. hiY'sμtum 2 2 Trace 

4703 4752 100 

recombine these traits in a single variety. From 1974 to the present , 
most AVRDC crosses involved the improvement of selections found to be 
heat-tolerant and bacterial wilt resistant. Since 1973 , AVRDC has been 
sending breeding lines and genetic materials to scientists in more than 
60 countries th r oughout the tropical areas of South America , Africa , 
Asia , and Pacific Islands (Fig . 4) : 

No . of crosses a seed packets 
3500 

CJv a',-auv LK 
戶
U

C
M

門
u

env 
臼

J
U

mMR FVCV 

國已

1000 

500 

。 1973 1974 1975 1976 1977 
Export Quantity (1000 std. cases) 

- Fig . 4 . Number of orosses made and seed packets sent 
to cooperators ; AVRDC , 1977 . 
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Our breeding 1ines have demonstrated superiority over the 10ca1 
cu1tivars in many tropica1 Asian countr、 ies. Performance of se1ected 
AVRDC breeding mater、 ia1s are presented be1ow: 

坐坐立- In Maharasht內， India , 4 AVRDC 1ines outperformed Co寸， a 
popu1ar variety in southern India. On1y two AVRDC 1ines , however , 
gave higher yie1ds than "Pusa Ruby". In wi1t infested areas , all AVRDC 
1ines in c1uded in the tria1s shou1d outperform both checks , since 
neither check possesses bacteria1 wi1t resistance. The best performers 
are presented in Tab1e 7. CL 33d-0-2-2 and C1 122-0-3-4 are being 
considered for 1arge sca1e production and re1ease to farmers by Nimbkar 
Agricu1tura1 Research Institute (NARI). 

Ta b1e 7. Perfo rmance of AVRDClfne2 1n a pre17 叫 nary trial , 
問ah a rashtra ， India , 1977. 

AVRDC no. Marketab1e Fi rs t Fruit 
or cultivar name yi e1 d flowering weight 

-tjha 回 -days- -g-

CL 33d-0-22 43 37 45 

CL 9d-0-1-6 41 36 53 

CL 11d-0-2-2 37 40 43 

CL 33d-0-2-1 36 39 52 

Pusa Ruby (check ) 34 34 35 

CL 103-0-5-2 31 35 37 

Co-1 (check) 30 39 52 

LSD 5% 5 4 6 

αData supplied by 阿r. H. Bedekar , NARI; planted Apr , 1977; 
harvested 11 times beginning Jun 28 and ending Aug 16. 

Malaysi a - The Ma1aysian Agricu1tural Research and Deve10pment 
Institute (MARDI) featured severa1 AVRDC-derived lines in a fie1d 
day in which these lines demonstrated wilt resistance. The check cu1ti­
vars , "Roma" and "Banting" , were completely wiped out by wilt (Tab1e 8). 
The identification of resistant genotypes was considered a breakthrough 
by 川ARDI because in the past tomatoes had to be grafted to wilt resis­
tant eggp1ant root stock. 

Papua New Guinea - At the Plant Introduction and Horticulture Re-
search Station (PIHRS) , two observationa1 trials of AVRDC breeding lines 
were conducted. In the first trial of 10 lines , the level of wilt infes-
tation was not high and so on1y a few indicator p1ants wilted. The 
twice a week application of fungicide was effective in controlling leaf 
di sea ses , thus pro 1 ong i ng the product i on peri od. E1 even ha rves ts were 

14 



Table 8. The best yieldi α Qg breeding lines in an advanced trial; 
問a 1 ay s i a , 1 977 . 

SSD No. 
問arketable Fruit Days to Transformedb 

yield slze flowering survival rate 

-tjha- -g- -no- - %-

CL 502- Fs - 20 25 34 25 46 

CL 507 Fs -14 22 51 28 58 

CL 502 Fs -34 19 50 28 60 

CL 502 Fs -39 16 36 28 44 

CL 507 Fs -34 16 43 28 @ 46 

CL 507 位- 6 16 30 25 45 

CL 507 Fs -44 15 35 23 41 
一 一一一一一一 一 一一一一一一一一一一 一 一一一一一 一一一 一一 一 一 一 一一

LSD 5% 9 12 5 ns 

αData supplied by Ms. Melor Rejab and Dr . T. S. Tee , MARDI; planted 

~~~~~ . _a~~ ~ ~~~~e~~~~L~~~~~~3~~d~ta a~e means of ~_~~~~~叫1 。此
Under natural epiphytotic of P. soZ的ασeα?問 ; Banting , the check 

cultivar was completely wiped out by disease; data transformed to 
arcsine before analysis of variance was made. 

made instead of the usual 4-7 made with AVRDC lines. The two highest 
yielders were CL 8d-0-7-1 and NG 7111 (Table 9). Their palatability and 
market assessment , however , were not high compared to CL 32d-0-1-1 and 
CL 9d-0-0- 1. In PNG , tomatoes of about 50g or less are considered culls. 
In fact , most of their culls belonged to this group. The marketable 
yield included only fruit of at least 60g. 
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Tab1e 11. Nationa1 average yie1d of tomatoes in 
se1ected tropica1 countr汁 es and possib1e 
improvement. 

Africa 

Togo 

Ango1a 

Kenya 

Reunion 

Asia 

Guam 

Thai1and 

Tonga 

French Po1ynesia 

Latin America 

Panama 

Nicaragua 

Brazil 

Dominican Repub1ic 

Yie1dα 

-kgjha-

674 

1 ,250 

15 ,238 

15 ,625 

1 ,333 

2,849 

21 ,739 

29 ,000 

4 ,692 

4,800 

25 ,742 

33 ,963 

Possib1e 吋
improvementJ../ 

- %-

4996 

2648 

125 

120 

2477 

1106 

58 

18 

632 

616 

33 

αRef. 7; 2 highest and 2 10世est nationa1 yie1d 
average in each category. J../ Computation was based 
on (34 , 347 kgjha) , the average yie1d obtained 
from various experiments in the tropics using 
AVRDC breeding 1ines (5). 

FUTURE OUTLOOK 

A1though AVRDC has started research and training programs to he1p 
solve tropica1 tomato production prob1ems , we must admit that we can 
sti11 do much as a group to reso1ve the prob1ems associated with this 
crop. Initia11y , however , 1 fee1 that we can focus our attention on a 
sing1e cooperative project. 

1 am certain that most of you have heard of the internationa1 rice 
and wheat testing programs of IRRI and CIMMYT , respective1y , and the 
benefits that have accrued from such programs. In tomato research , co­
operation of that kind is best i11ustrated by the Southerγì Tomato Ex­
change Program tria1s (STEP; 12). The program was organized in the US 
in 1945 by a group of co1laborating state and federa1 scientists interested 
in tomato improvement (13). The purpose of the STEP tria1s is to he1p 
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tomato breeders identify lines with the widest range of adaption , thus 
encouraging the development and release of cultivars with maximum adap­
tation. 

In the tropics , we should have a similar international testing 
program , not only for variety trials but for evaluation of cultural 
practices as well. Initially we can start with variety trials. As we 
gain experience and funds are made available , we can expand the program 
to include other disciplines. The program can have the following objec­
tives: 

1. To foster cooperation among tomato scientists and programs. 

2. To facilitate exchange of germplasm and research information 
on common 口 roblems pertaining to the production and utilization of tomato. 

3. To assemble the most promising cultivars and breeding lines in 
the tropics and systematical1y test them in uniform trials in as 
many tropical locations as possible. 

4. To assist national programs in establishing a mechanism by 
which outstanding lines obtained from such a testing program could be 
effectively used in the concerned country. 

If there is enough interest in this type of cooperative project , 
we can discuss and plan the details of its operation and future activi­
ties during the last day of our symposium. 
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IMPROVING SMALL-SCALE TOMATO PRODUCTION IN THE TROPICS 

Peter. H. Calkinsα 

INTRODUCTION: UNTAPPED POTENTIAL 

The tomato is one of most popular vegetables in the tropics. Of the 
more than 100 species of vegetable crops which could have been selected 
for intensive study in 9 representative Asian countries , tomato ranked 
first overall; first in Taiwan , the Philippines , Thailand , and Sri Lanka; 
second in Japan , Indonesia , and Bangladesh; and third in Nepal (1). 
Agricultural researchers and government planners are interested in pro-
moting tomato production in the tropics because , perhaps more than any 
other vegetable , it has great potential for improving three. fundamental 
components of the standard of living: 

L. Income. Because of its high yield potential and price (it is 
popul ar w-rth consumers) , greater tomato producti on can vastly improve the 
annual incomes of tropical farmers , especially those operating small 
farms who have the labor required for this intensive crop. Studies (4) 
suggest that not only the level but also the distribution of income is 
improved when more high-income vegetable crops are grown because those 
farmers with smaller holdings profit relatively more. 

( 2. 且吐 t. Tomato in Taiwan requires 2180 (processing) to 8020 
fresh m訂吋可abor hours per hectare , compared to 州 761 for r 

(15). Thus , tomato has a great potential for using idle or seasonally 
underemployed farm workers to increase the family's total cash earnings. 
Tomato is well-suited to processing , and can provide jobs in processing 
factories for urban and rural workers. Especially if these factories 
at'e dispersed throughout the countryside , the rural-urban migration can 
proceed at an optimal rate , with any potential migrants first finding 
jobs in rural-based factories. The tomato processing industrγin southern 
T司 iwan has located factories near the source of production , helping to 
smooth the shi ft of 15% of the work force from fi e 1 ds to factori es over 
the past decade. 

3. ~~t~itj~~. Although its potential lies primarily in impr、oving

αAssociate Agricultural Economist , the Asian Vegetable Research and 
Development Center , Shanhua , Tainan , 741 , Taiwan 
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income and employment , tomato is a respectable source of some keY0nu­
trients. Of 16 nutritious crops considered for inclusion in 42 mιkitchen 
gardens in Hawaii , tomatoes grown for only 90 days ranked 8th in p~otein 
ãnd ascorbic acid , and 9th in iron production per hectare per day (12). 

Not only does tomato have the potential to contribute directly to 
the income ,employment , and nutrition of urban and rural population~.in 
the tropics , but-there are cross-effects among these components. Higher 
nutrition can lead to more efficient employment , more efficient employment 
to higher income , and higher income to better nutrition. 

Many biological and economic problemsαprevent tomatoes from 
achieving their full potential. Superficially , only a few directly 
limit production. In fact , however , the lack of a processing industry 
or an adequate distribution system can deter a farmer from planting to ­
matoes just as much as the lack of production capital or the prospect 
of devastation from bacterial wilt. 

RISK VS PROFIT 

Farm decision-makers are concerned with increasing family income 
without large fluctuations in that income. In addition to variations in 
weather and yield , the degree of risk depends on the level of economic 
development , the quality of roads and input supplies , the accessibility 
of markets , and the degree of price variability. Moreover , risk factors 
tend to be greater for the small-holder than for the larg、e-holder ， so 
that small-holders who contemplate tomato production constantly face the 
trade-off between profit and risk. 

Government and private industry can help reduce risk by restricting 
the man-made environment to provide contract or guaranteed prices , better 
transport , improved markets , easier credit , and input subsidies. Farm 
supply response equations usually list planted area as the dependent 
variable; and price , variability in price; yield , variability in yield; 
and the relative profitability of competing crops as the major determining 
factors (2). A final determinant of supply response is time , for not 
all farmers adopt new technology with equal speed. It is often the 
small-holders who accept improved technology last (again , because of the 
greatest sensitivity to risk). Thus ,. research and development programs 
must be maintained long enough to make sure that the full benefits of 
the expansion of the tomato industry reach the small-holder. 

Table 1 demonstrates the extreme variability of tomato yield per­
formance in each year between 1964-75 unâer current production conditions 
and how this affects planted area. We conclude: 

1. Yield from 1964 to 1975 exhibits a wide ranqe between countries. 
Thailand had the lowest yields in both years and the USA the highest. 
There was a large yield gap between developing and the developed coun­
tries. 

αSee R. L. Villareal , Tomato Production in the Tropics: Problems and 
Progress , p.g6. 
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2. 1 n a1most every 1ocation yie1d has increased and , as a resu1t , 
p1 anted area. This ref1ects the improvements in tomato production tech­
no1ogy and the decision-making environment. In the developed countries 
techno1ogt ca1change has been faster , but p1anted area has grown1es s . 

3. The va ri ab i1 i ty of yi e l_d between yea rs exh i bi ts a wi de ra~ge. 
The deve10ping countr汁 es had more stab1e , if 10wer , yie1d-s than the 
deve1oped countrte5.Thus , yf e1d variab i11 ty may not be asgreat a 
deterrent to p1anting 1arge areas to tomato on sma11 、 tropica1 farms as 
other components of risk ~e.g. 10w or unstab1e price). These other com­
ponents made variabi1ity in p1anted area in deve10ping countries more 
than twice as great as that in deve10ped countr汁 es.

FACTORS AFFECTING PROFIT 

Resu1ts from many countr、 ies show that tomato is one of the ‘ most 
profitable crops , p1anted alone or in rotation. The major proportion 
of area grown to tomato in the tropics is p1anted during the cool-dry 
season when temperature and moisture are most favorab1e for high yie1ds. 
Summer or monsoon tomatoes are rare. 

AGRONOMIC FACTORS 

In Taiwan , tomato production can be divided into five(inc1uding summer) 
seasons. In each , tomato is very profitable compar'ed with a1ternatives. In 
winter , fresh market tomato is most promising for irrigated farms and pro-
cessing tomato for unirrigated farms(5). Despite aqronor川 c prob1ems , sum­
mer tomato has a sufficient1y high price and yield to make it more profit-
ab1e than winter processing tomato , winter fresh-market tomato or rice(9). 

In Chiang Mai , Thai1and , the cropping system peanut - tomato -
川 ce (1) invo1ved planted tomato from April to Ju1y , so that a heat to1e­
rant cultivar such as AVRDC VCll-3-1-8 was suitab1e. This system had the 
highest economic potentia1 , largely due to tomatols high prite during the 
hot season. A c10se second in net and farm income was tomato - mungbean -
rice , which inc1uded tomato grown in the coo1 season. Labor and capita1 
requirements were a1so 10w , making this system feasib1e for a wide range 
of farm sizes and resource avai1abi1ity. 

In Tar1ac , the Phi1ippines , rice (Ju1 - Nov) , 90- day tomato (Nov -
Feb) , and early summer corn (May - Nov) yie1ded the highest net income 
($827/ha) of a11 cropping patterns tried , and provided 149% more net 
income than from rice a10ne (3) . Lin and Chow (13) report , however , that 
this cropping pattern sometimes 1eads to 10w returns if tomato price is 
low (sometimes on1y $O.004/kg). This reflects the 10w consumer pre-
ference for tomato in the Phi1ippines. In selected pi10t barrios , the 
net income and employmentgenerated from tomato were second on1y to egg­
p1ant (7). 

In the Caqueza Project , Co1ombia , tomatoes returned US$746/ha , second 
to onion (16). In the Cameroon High1ands , Ma1aysia , tomato had the 
third highest gross margin per hectare of 19 vegetab1es ($2422) , ranking 
behind on1y watercress and Chinese cabbage (6). 
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PRODUCTION BUDGETS 

Farm le vel production technol ogy da t a are available for Panama , 
Taiwan , and the Philippines (Table 2) . Yield was highest in Taiwan but , 
because of low price , revenue was second t o Panama. Yi elds and profit 
were lowest in the Philippines. 

Farmers in Panama spent most in both absolute and percentage t e rms 
on pesticides and other materials. They also invested the most labor in 
absolute and percentage terms in planting and irrigation. 

Table 2. Comparative production budgets for t omato in 3 tropical coun­
t r i e s; A V R 0 C, 1978. u-

Panama Taiwanu Phil i ppi nes 
US$/ha 2 US$/ ha % US$/ha % 

Seeds 10 1. 0 34 3.9 10 2.7 
Fertil izer (chemical) 144 13.8 51 5.8 75 19.7 
Organic fertilizer 30 2.9 9 1. 0 
Pesticide 142 13.6 35 4.0 44 11. 8 
Other material 127 12.2 51 5.8 54 14.4 
TOTAL VARIABLE CAPITAL COSTS 453 43.6 180 20.5 183 48.8 
----------------------一一一-------------- - 一-一 一 一一一一 一一一 … 一一一一一------------- - 一一一一一 一 一一…一一 一 一一一一一一-一-- - ------

Land preparation & bed format i on 72 6.9 14 1. 6 56 14.8 
Planting 75 7.2 42 4.8 7 1. 8 
Fertilization 15 1. 5 11 1. 3 5 1. 4 
Pesticide spraying 54 5.2 73 8.3 16 4. 3 
Intertillage & weeding 96 9.2 91 10.4 4 1. 1 
Irrigation 69 6.6 42 4.8 7 1. 8 
Harvesting 141 13.6 333 38 . 0 27 7.2 
Other labor 15 0.1 19 5.4 
TOTAL LABOR COSTS 537 51. 6 606 69.2 132 35 . 2 
--一一一一一-一---- -- -- - 一-- - ------------- - --------- - ------- - --一------ ---- -- ---- ------

Irrigation water fee 7 1. 8 
Interest on capita l 21 2.4 26 6.9 
Interest on land 44 5.0 27 7.2 
Land tax 50 4.8 25 2.9 
Depreciatio們
TOTAL FIXED COSTS 50 4.8 90 10.3 60 16.0 

TOTAL EXPENSE (US$) 1040 100 . 0 876 100.0 376 100. 0 
YIELD (t/ha) 22.7 47. 2 10. 0 
Price (US$/kg) 0.11 0. 03 0.0 7 
Revenue (US$) 2500 1271 678 
NET INCOME .(US$) 1460 395 302 

αAngelina C. Macaso and Adoracion Virtucio , the Philippines , Banco de 
Desarrollo Agropecuario , Panama; AVRDC su[vey results , winter processing 
tomato , Tainan County , Taiwa的， 1976-77. UAvg. of 4 farmers; 3 inter­
cropped processing tomatoes w/ sugarcane. 
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Farmers in Taiwan were willing to spend the most on seed , but they 
spent the least in absolute and percentage terms on fertilizer , pesticide , 
and capital inputs as a whole. The secret to their high yields seems to 
be the amount of time and care they put into harvesting. A full 38% of 
all production costs were for harvest labor in Taiwan vs 14% for Panama , 
though total labor input was the same in the two countr汁 es.

High percentages of investments by Filipino farmers went to fertilizer 
capital , land preparation , and bed formation , although they did not spend 
the most in absolute terms on any of these inputs. Yields were low largely 
because total expenses were less than half those in the other countries. 

Panamanian farmers spent the most on capital inputs and the most 
overall , suggesting that tomato should be a capital intensive crop to 
achieve high levels of return. 

The secret to high yields seems to 
be the amount of time and care Tai­
wan farmers put into harvesting . 

FACTOR PRICES AND APPROPRIATE TECHNOLOGY 

Dr. Peter Calkins and Dr. John Hub­
bell (see pg 154) of AVRDC's NEM 
team examine summer tomato in Taiwan. 

If farmers in Panama , Taiwan , and the Philippines are producing tomato 
using appropriate technology , then they should be using relatively more 
of the production input (labor or capital) which is relatively cheap in 
each country. The Philippines has the cheapest labor in both relative 
and absolute terms , Taiwan and Panama have nearly the same proportion of 
wage to capital costs , and the costs of all inputs in Taiwan are the 
most expensive. We would expect , then , that: 

1. F3rmers in the Philippines would use the most labor in production 
of tomato and have the highest labor-capital ratio. 

2. Panama and Taiwan would have similar labor-capital ratios in their 
production mix. 

3. Taiwan would use fewer production inputs than Panama. 
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From Table 2 we cannot accept the first two hypotheses. The data 
suggest that: 

1. Filipino farmers do not use appropriate production technology 
because they use far too little labor to achieve adequate yields. Capital 
use may also be too low. 

2. Farmers in Taiwan have substituted capital for labor (as labor 
has become relatively more expensive) , but they have not gone far enough. 

3. Farmers in Panama have achieved the most near、 ly appropriate tech­
nology. The capital-labor use ratio reflects well the ratio of labor to 
capital renta1 costs. Panamanian farmers also can afford to use high 
levels of production inputs because the wage and interest rates are lower 
than in Taiwan. 

FACTORS AFFECTING RISK 

DEGREE OF YIELD VARIABILITY AND LOSS 

Given the high potential profit from tomato production in most coun­
tries , risk is the major barrier to small farmer production of tomatoes. 
Figure 1 shows for Malaysia that tomato had the highest income but the 
hiqhest risk of any vegetab1e crop in the Cameroon Highlands. When 
1inear programming was used to compute the optimal solution for increasing 
levels of risk (i.e. variation in expected income) , the area planted to 
tomato increased from 0.26 to 1.19 ha and income increased from US$-637 
to US$2354 on the farm (6). 

In the Caqueza area of Co1ombia , risk was an important consideration. 
There , tomato was the most labor-intensive crop (221 mandays/ha , of which 
only 81 were furnished by the farm fami1y) and intermediate in capital 
intensity (US$236/ha ) . Given credit charges of 43%, such high input re-
quirements made tomato a risky crop. l的en risk was calculated using the 
expected value of 10ss per hectare , corn-bean and beet only had values of 
US$24 and $55 , respectively , while tomato had $108 (16). While onion and 
potato-pea had even higher levels of risk , the inability of small farmers 
to obtain credit constituted a great deterrent to expanding the area 
planted to tomatoes . 

Although quantified studies do not exist for other countries , the 
major problems listed earlier reflect the high levels of risk associated 
with expanding tomato production. Unless researchers work through agro-
nomic means , and government and business through economic means to reduce 
yield and price variability , it will be difficult to increase the area 
planted to tomato. 

CONTRACTUAL ARRANGEMENTS 

A prime example of industry's success in reducing risk to small 
farm producers is the introduction of farmer-factory contracts in south -
ern Taiwan. There , Japanese-owned processing factorie s supplied varieties , 
pesticides , fertilizer , sprayers , wooden crates , transportation , and 
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technical advice. In return , the farmer was bound to sell his entire 
output to the factory and was encouraged to produce high quality tomatoes 
by a system of grading (US$32/t for first grade tomatoes and $24/t for 
second-grade). While these prices were generally lower than farmers 
could achieve on local markets , income was guaranteed and the provision 
of inputs afforded further security. Under this system the area .planted 
to processing tomatoes in Taiwan increased from 18 ha in 1967 to nearly 
3 ,000 ha in 1975 (9). 

SEASONAL PRICE VARIABILITY AND THE POTENTIAL FOR TRADE 

Seasonal price fluct uations contribute to the variability in returns 
and , hence , to risk. But , such fl uctuations may be a blessing in dis ­
guise if specialization and trade can be developed between regions and 
coun tries. Different optimal growing periods for tomatoes open the 
possibility for trade among nations vJith complemehtary production seasons. 
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。

Figure 2 shows that Taiwan and Korea , for example , could take ~dv~nta~e 
of this situation. The price of tomatoes is highest in Korea in Dec-May , 
just when it is lowest in Taiwan. A trade poìicy would help to: 

and , 
diet; 

prices throughout the year 
a regular vegetable in the 

of more even 
of tomato as 

1. assure consumers 
hence , stimulate the use 

2. elevate the price for producers in the season in which they 
enjoyed a comparative advantage by expanding consumer demand; and , 

of farmers trying to produce in sea­
conditions. 

3. reduce the risk and expense 
sons with unfavorable environmental 

Equity problems might occur if the producers who would gain in the 
season of comparative advantage were already better off than those who 
would lose in the other season. In general , this arrangement should 
benefit all concerned. 

In Nepal , as in Taiwan , the price is higher in the summer ($0.05/kg) 
than in the winter ($0.02; 14). In Thailand , the period of high price 
is Oct-Dec , and of low price Mar-May. In the Philippines , by contrast , 
prices are high from Jul-Dec , and low from Jan-Jun. 

PATTERNS 

Once production risks and lack of internal and external markets are 
overcome , tomatoes will be profitable and high -yielding enough for inclu­
sion in improved cropping patterns and extension to farmers. A linear 
programming study in India (10) involved the specification of optimal 
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cropping patterns for a 4 ha typical farm near Ludhiana , Punjab. Even 
though this vegetable farm already helped to supply the needs of a large 
urban populace , the program called for an increase in area planted to 
tomatoes from 2.5 to 5.0 ha to replace spring potatoes and fallow. Earn­
ings would rise 25%. 

In another linear programming study in the Cameroon Highlands , 
Malaysia (6) , the optimal area planted to tomatoes was determined to be 
the highest of any crop , and to increase as the land constraint was re-
1 axed. However 、 it incfeased at a lower rate because ,as farm size was 
expanded from 0.80 to 1.99 ha labor and other inputs became constraining. 
In other words , small-holders should and can plant proportionately more 
tomatoes and will , therefore , gain more from the introduction of improved 
technology. Under actual conditions in the Cameroon Highlands , only 0.29 
hajfarm are grown , while optimal solu t ions call for 0.47 ha. 

CONCLUSIONS 

Tomatoes are a popular choice for consumers and have great potential 
for improving the income , empl oyment , and nutrition of tropical popula-
tions. However , despite gradual increases in yield and planted area 
between 1964-75 , four major problems prevent small-holding farmers from 
planting ma ximum areas to tomato: 

1. Markets and distribution systems are inadequate. Combined with 
unpredictable prices , they make for great variability in farm returns. 

2. Poor seed quality , and unfavorable environmental conditions lead 
to great yield variabilit~. Small - holders are unwilling to plant large 
areas to tomato unless research and policy measures reduce elements of 
risk. 

3. Tomato i~ sometimes grown under production technology which does 
not reflect the relative costs of inputs. 

4. Seasonal price variations make peak- season production less profit­
able and off-season production more risky~ Unless programs of specializa­
tion and trade lead to larger demand and better returns during the peak 
season , only large-holders and risk-takers will be willing to expand 
tomato area. 

Such measures as research in genetic and cultural practices , the 
extension of appropriate technologies , contractual arrangements through 
private industry , government guarantees and subsidies , market improvements , 
and the development of interregional and international trade could reduce 
the risk to small-holding farmers in the tropics and encourage them to 
plant more tomatoes. Tomatoes could then be grown at optimum scale. 
Because tomato is labor-intensive , the expansion of planted area would 
benefit small-holders relatively more than large-holders , and provide 
for both equity and growth in the agricultural sectors of tropical nations. 
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PROCESSING TOMATOES: AN INTERNATIONAL PERSPECTIVE 

George A. Johannessenα 

The need for increased food production and for improved varieties 
and methods of production has been recognized for a long time. World 
population continues to increase by leaps and bounds. Some experts pre­
dict a world population of 6 bi11ion by the year 2000. Much of this in-
crease wi 11 be i n countr汁 es that current1y have insufficient food supp1ies 
and 1itt1e extra 1and on which to produce food. This critical situation 
ca11s for a1l the ingenuity , know1edge , and management ski1ls we in agri-
cu1ture can muster to increase food production within those countr、 i es as 
we11 as in the areas of the wor1d best suited for food production. 

Whether it be in the tropics , sub-tropics , or the temperate zone , 
in wet or dry c1imate , in underdeveloped or deve10ped countries , large-
or small-scale operations , mechanically harvested or hand harvested , fresh 
market or processing , our goals and objectives are basically the same: 
improvement in tomato production , processing , and marketing. This will 
come about through increased yields and qua1ity , by lowering costs , and 
by expanding markets. It is necessary to understand that , despite common 
goals , requirements differ greatly from one a:ea of the world to another. 
Each situation must be assessed and different methods applied. This is 
true of varieties , cultura1 practices , harvesting , hand1ing , and transpor­
tation. 

Most of the deve10ping countr汁 es are in the tropics or sübtropics. 
Many are poor. Tomatoes are grown in areas of high humidity and rainfall , 
as well as in areas of low rainfa11. And they are grown where a dry sea­
son requires irrigation for maximum production. Sma11 acreages are the 
ru1e for most of these areas , but we are seeing increases in the size of 
units in many parts of the wor1d outside of Ca1iforni a.. As our knowledge 
increases and communications among a11 countries improve we will see fur­
ther expansion of tomato production for both the fresh market and for 
processlng. 

Processing tomatoes are grown in many parts of the wor1d (Tab1e 1.) 
Note particu1ar1y how much Ita1y produces - second only to the United 
States. Within the United States , c10se to 85克 of the production is in 
Céllifornia. 問 uch of this干 is in 1arge p1antings that range genera11y from 
70-500 ha , with some up to 2400 ha. A1l are mechanica11y harvested. 

αDirector ， Ca1ifornia Tomato Research Institute , Inc. 1757 
Barcelona Street , Livermore , California , 94550 , U.S.A. 

33 



U
且

主
h

T
ab

le
 

1
. 

T
om

at
oe

s 
fo

r 
p

ro
c
e
ss

in
g

: 
a
re

a
 a

nd
 

p
ro

d
u

ct
io

n
 

in
 

12
 

se
le

c
te

d
 
co

un
tr

、i
es

19
74

-1
97

7.
α 

C
 

A
re

a 
7 

o
u

n
tr

y
 

19
74

 
19

75
 

19
76

 
19

77
 

19
77

 
19

77
 

19
74

 
19

75
 

19
76

 
19

77
 

P
ro

d
u

ct
io

n
 

%
 

ch
an

g
e 

fr
om

 
1

,0
00

 
ha

 
19

75
 

19
76

 
1,

00
0 

t 

T
ai

w
an

 
1

.5
 

4
.7

 
2

.2
 

2
.4

 
-4

8
 

+
 9

 
90

 
22

3 
11

0 
12

0 

D
om

in
 

R
ep

 
7

.9
 

4
.1

 
4

.2
 

4
.6

 
+1

2 
+1

0 
21

2 
10

1 
10

3 
11

3 

F
ra

n
ce

 
1

2
.0

 
1

0
.0

 
6

.0
 

5
.7

 
-4

3
 

-
5 

22
9 

28
0 

20
3 

21
5 

G
re

ec
e 

1
7

.6
 

2
0

.0
 

1
0

.1
 

1
7

.0
 

-1
5

 
+

68
 

92
5 

97
9 

44
5 

79
4 

1 s
 r

a
e
 1 

2
7

.1
 

4
5

.3
 

3
4

.0
 

3
5

.0
 

-2
3

 
+

 
3 

83
 

16
3 

11
6 

12
0 

It
a
ly

 
1

1
7

.0
 

1
1

2
.2

 
9

6
.2

 
1

0
0

.5
 

-1
0

 
+

 4
 

1
,7

87
 

1
,5

75
 

1
,2

40
 

1
,1

60
 

M
ex

ic
o 

3
.2

 
3

.9
 

3
.4

 
5

.0
 

+2
7 

+4
7 

16
0 

21
0 

17
0 

25
0 

M
or

oc
co

 
1

6
.0

 
1

6
.5

 
1

7
.5

 
1

6
.2

 
-

2 
-

7 
62

 
13

0 
16

0 
15

0 

P
o

rt
u

g
al

 
備

2
5
.
0

23
.5

 
1

7
.1

 
2

1
.0

 
-1

1
 

+
23

 
70

5 
80

0 
45

0 
65

0 

S
p

ai
n

 
2

5
.0

 
2

6
.0

 
1

5
.4

 
2

3
.0

 
-1

2
 

+4
9 

66
0 

82
7 

43
7 

71
2 

T
u

rk
ey

 
2

4
.0

 
2

5
.0

 
2

5
.5

 
2

6
.0

 
+4

 
+

 
2 

50
0 

52
0 

55
0 

58
0 

US
A 

1
3

9
.1

 
1

5
9

.4
 

1
4

0
.4

 
1

4
2

.5
 

-1
1

 
+

 
1 

6
,3

68
 

7
,7

15
 

5
,8

71
 

7
,0

52
 

T
o

ta
l 

4
1

5
.4

 
4

5
0

.7
 

37
1

. 9
 

3
9

8
.8

 
-1

2
 

+
 

7 
11

,7
81

 
13

,5
23

 
9

,8
55

 
11

,9
16

 

αU
.S

. 
D

ep
ar

tm
en

t 
o

f 
A

g
ri

c
u

lt
u

re
, 

F
o

re
ig

n
 

A
g

ri
c
u

lt
u

ra
l 

S
e
rv

ic
e

, 
M

ar
ch

, 
1

9
7

8
. 

19
77

 
19

77
 

%
 

ch
an

g
e 

fr
om

 
19

75
 

19
76

 

-4
6

 
+

 9
 

+1
2 

+
10

 

-2
3

 
+

 6
 

-1
9 

+
78

 

-2
6

 
+

 
3 

-2
6

 
-

6 

+1
9 

+
42

 

+
15

 
-

6 

-1
9

 
+

44
 

-1
4

 
+

63
 

+
12

 
+

 
5 

-
9 

+
20

 

-1
2

 
+2

1 



Recent visitors to our Institute from southern Italy were interested in 
our cooperatives because most of their growers are small , with ?nJy .5-2 
ha of tomatoes - all hand harvested. Also of interest and special 
concern to them i s that many of thei r young peopl e 1 eave the farms and 
do not return. 50 , in addition to problems of production , there are 
social problems as well. This is not confined just to Italy , but to 
many other countries with small farms and where returns are too often 
low. However , there are also many small producers in countries around 
the world that successfully grow and market processing tomatoes. Among 
them a re 1 ta 1 y, France , Greece , 1 s rae 1 , Portuga 1 , 5pa i n , Ta i wan , and 
others. 50me small sized units of tomato production can be and are being 
managed profitably. For the struggling growers , both large and small , 
there is a desperate need to reduce crop losses , and to maximize yield. 
That , it seems to me , is exactly what AVRDC is addressing here this week. 
This program of training and exchange of timely information is exactly 
what is needed to bring to all parts of the world the knowledge and tech­
niques that will enable growers to increase their production of tomatoes. 

In widely separated parts of the world - in Europe , Africa , Central 
America - 1 have seen the same mistakes repeated , and they have greatly 
ham~ered the production of processing tomatoes , and their industry. A 
common problem since the development of the mechanical harvester (so 
successful in California ,) is the rush to mechanize. 門odernizing does 
not equate mechanization. Where funds are readily available , the pur­
chasing of harvesters has many times been quite premature. This has 
occurred in the United 5tates as well. When one sees the smooth once­
over operation of a tomato harvester on level , well drained fields in 
California , it is tempting to want to duplicate this seemingly simple 
method elsewhere. But there are many areas of the world , including 
parts of the United 5tates , where the climate , current technology , size 
of production units~ or other conditions present severe obstacles to 
successful mechanical harvesting operations. Probably the single most 
important limiting condition is rain during the harvesting season. But 
there are many others and they include unsuitable varieties and cultural 
practices , uneconomically sized production units , and lack of training 
in equipment operation and repair. Now , where and when improved varieties 
are coming i 叭， better cultural practices are being implemented , larger 
economically sized units are developed , and the necessary training in 
mechanization and maintenace is accomplished , there are opportu們 i ti es 
for expanding mechanical harvesting outside California. One most im­
portant consideration in successful mechanical harvesting is to have a 
reasonable spread in harvest maturities so that both the producer and the 
processor can capitalize on the economies that are provided by this 
longer season. Unit costs decrease as the season is lengthened . We have 
mechanical harvesters operating in the eastern and midwestern United 
5tates , Canada , Europe , Africa , the Middle East , the Balkans , Russia , and 
other countries. However , in the developing countries , and particu l arly 
in the wet and humid tropics , there are far more important steps that 
need to be taken. First is the development of adaptable varieties that 
have crack , disease , and nematode resistance , and that set and develop 
fruit under high day and night temperatures. 

In California we experienced disastrous rains during the 1978 harvest. 
One grower had to disc close to 180 ha of tomatoes because of water mold 
(a species of Py t hium ) that followed a heavy rain just prior to harvest. 
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That was about 18 ,000 t , and in excess of $1 ,000 ,000 worth of ripe fruit 
10st. Such a stagger、 ing 10ss is of the same magnitude as when a sma11er 
tomato grower 10ses 2 of his 4 ha to mo1d. In Ca1ifornia , most rípe 
tomatoes in contact with a wet soi1 for as 1itt1e as 5 hrs wi11 deve10p 
water mo1d within 2-3 days , and wi11 be rejected at the grading station. 
If there is more than 8% mo1d in a 10ad of tomatoes , it is rejected by 
the station. Canner、 s contracts genera11y specify a maximum of 5% mo1d. 
Despite this , we are encouraged by the progress our breeders have made 
in severa1 extreme1y important fruit characteristics. One is that both 
VF 134 , and the more recent University of Ca1ifornia re1ease , UC 82 , have 
exce11ent vine storaqe. They are firm-fruited varieties that withstand 
mechan 'ica1 harvesting , andtransportwith minimum damage. In the factory , 
they produce an exce11ent1y co1ored paste and sauce with the much-desired 
characteristic of high consistency. A1though VF 134 and UC 82 are sub-
ject to water mo1d 1ike a11 the other varieties we grow , there is another 
important difference. 1 have observed that , fo11owing a rain , these 2 
varieties have an additiona1 2-4 day de1ay in the appearance of water 
mo1d infection “ Further , if the rain is fo11owed immediate1y by good 
drying weather , they may escape water mo1d a1together. This very impor­
tant point enab1es growers to save much of the crop that wou1d otherwise 
be 10st. In addition to the other favorab1e attributes of these two 
"square rounds " , processors rea1ize a much higher recovery of sauce in 
the factory. This is not to imp1y that we are entire1y happy with these 
two varieties. VF 134 is often very difficu1t to shake off the vine. 
Solub1e solids are 10wer than the conventiona1 "rounds" that we grow 
and this adverse1y affects the yie1d of concentrated tomato products . 
They are a1so 10wer in acid and f1avor. The economic advantages of 
these two newer varieties are very great. For examp1e , in 1976 , before 
we had UC 82 and when p1antings of VF 134 were 1imited , 1 estimate that 
Ca1ifornia growers 10st a minimum of 1 , 300 ,000 t of ripe tomatoes 
fo11owing rains. The major 10ss was due to water mo1d which penetrates 
the unbroken tomato skin of ripe tomatoes . B1ack mo1d which bui1t up 
rapid1y also accounted for a substantia1 part of this 10ss. In all areas , 
inc1uding the tropics , firm-fruited varieties such as VF 134 and UC 82 
may wel1 p1ay an important ro1e in improving tomato production where 
humidity is high and where rain occurs during the harvest. 

Let's shift our attention from varieties for a moment. Once we 
have achieved the desired production , terrib1e things can happen if we 
aren1t careful. By excessive de1ays in getting the fruit from the fie1d 
to the factory , a high-yie1ding , high-recovery c rop can deteriorate and 
yie1d very little of the potential it had at the moment of harvest. The 
time from harvest to processing is important in terms of qua1ity delivered 
to the factory , and on the recovery and qua1ity of the finished product. 
In Western Europe , 1 was surprised to see harvested fruit being brought 
out of the fie1d in slatted crates. These crates were un10aded at the 
end of the rows. They were then 10aded on a truck and transported to a 
"gathering p1ace" where they were unloaded again and judged for qua1ity. 
They sat unti1 another truck , dispatched by the cannery and at the can-
nery I s vJi 11 , came a 1 ong to pi ck them up. Once aga i n they were un 1 oaded 
and sat in the cannery yard unti1 the factory was ready to receive them. 
In addition to the deterioration of quality and recoveryofproduct , the 
mold increased to a level that 1imited the market of the finished pro-
duct to areas not as demanding on mo1d content as many countries. In 
both Africa and Western Europe , 1 was a1so surprised to find newly con­
structed harvesting crates made with slats on a1l sides as wel1 as on 
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the bottom. In both cases , the roads in the areas were rough and the 
factories located some distance from the fields. The exposed edges of 
each slat provided cutting surfaces , particularly in transit to the 
factory. The obvious recommendation: never use a slatted crate , but one 
which is smooth and rigid . Damage caused by the container can be greatly 
minimized. 

It might be helpful to touch on reasons for growth and the success 
of those areas around the world that have increased their production and 
sale of processing tomatoes and tomato products. In California this has 
doubled every 10 years since 1954, when California produced 1.2 million 
tons , followed by 2.8 million in 1964 and 5.5 million i~ 1974. The reason 
is: California can produce and process tomatoes cheaper than other areas 
of the United States. We also consistently provide a h1gh quality pro­
duct in the quantities demanded and with a high degree of dependability 
of both supply and quality. 

In the humid tropics , Taiwan has made important recent advances and 
they are the result , in large measure , of the success of research and 
varietal development , much of which has been accomplished through this 
modern fac i 1 i ty - the As i an Vegetab 1 e Resea rch and Deve 1 opment Center 
with its fine staff. 1 remember well in the early 1960 1 s , my efforts in 
Hawaii to grow various crack-resistant tomato lines , only to find they 
were all wiped out; wiped out primarily by bacterial wilt. 

1 have the good fortune of knowing both Drs. W. A. Frazier and Jim 
Gilbert (both formerly with the University of Hawaii). Dr. Frazier made 
some of the first important advances in resistance to the bacterial and 
virus diseases that so greatly affect tropical tomato production. Jim 
Gilbert continued work in these same diseases with great success , and 
his were the only lines that survived in my small tomato plots. Now we 
see from the latest progress report from AVRDC that they have distributed 
over 1000 seed packets of elite breeding lines to scientists in more than 
40 countr汁 es throughout tropical areas of South America , Africa , Asia , 
and the Pacific Islands. Many of these carry good resistance to bacterial 
wi 1 t and vi r月 us diseases. Unlike the drier climates where night tempera-
tures are generally favor、able for fruit set , the tropics pose a far 
greater challenge to researchers , producers , and processors. However , 
the fact that Taiwan , for one , is increasing its share of the world mar­
ket for processing tomatoes and tomato products is proof of the advances 
that have been made in tropical areas. 

Taiwanls prominent position among the developing countr、 ies of the 
world continues to surge forward , and its total trade with the United 
States alone is now approaching US$6 billion a year. American total 
investment in Taiwan is reported to be close to US$600 million. Recent 
advances in the food industries have been most pronounced with implemen­
tation of modern management practices and the use of the most modern 
equipment available , both aimed at upgrading production and product 
quality while simultaneously striving to reduce costs through efficiency 
and volume. Production and processing of tomatoes represents an impor­
tant share of this growing segment of Taiwanls economy. In 1976/77 , 
14% of US imports o~ tomato paste and sauce came from Taiw~n~ T~~ 5 
year average was 3% according to the American Farm Bureau Federationls 
Horticulture Department. 
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Beginning in the last half of the 1960 1s , market demands increased 
sharply , particularly for tomato products and primarily for paste for 
remanufacture. First , we can see the almost universal acceptance of 
processed tomatoes and tomato products over a wide part of the world. 
In the U5 , the fast food chains with their hamburgers , hot dogs , and 
french fried potatoes help consume huge quantities of ketchup , much of 
it remanufactured from paste. These chains have sprung up in the Far 
East , in Europe , Africa , and 50uth America. Tastes are changing rapidly 
in countries that traditionally had seldom or never been served these 
foods. 1 believe the frozen french fry and the pizza pie have moved 
more of our processed tomato products than any other single phenomenon , 
and we in California are most appreciative of the acceptance of these 
food items and their rapid spread to al1 parts of the world. 

It is of interest to note that in the 1960 l s up to 1968 there was 
an apparently insatiable world demand for tomato paste. California 自 s
production figures reflect this. 50 , too , do the production figures 
of countr汁 es in Europe - Portugal , 5pain , Italy , and later , Israel , 
Greece , and France. Up until 1968 , U5 imports of paste from Portugal , 
5pain and Italy increased drastical1y. The great over-production of 
processing tomatoes and tomato products that fina1ly came to the U5 in 
1968 markedly reduced foreign imports. In addition to the supply , there 
were prob1ems mainly in consistency and color in the paste being imported. 
However , there were also , during this period of development , increasing 
markets at home and , fo11owing a short period of market adjustment 
after the huge 1968 pack , demand around the world continued its upward 
momentum. Once again in 1975 we overdid it , not only in California but 
in Europe and the Midd1e-East as well. By this time , and after a number 
of years that saw both producers and processors profit , al1 of these 
areas had greatly increased their processing capacities and many new 
facilities had been estab1ished. This was true particularly in Ca1ifor­
nia , but equa1ly important , in Canada ，門exico ， Europe , the Middle-East , 
the Far East , the Balkan countries , and Taiwan as we11. After 1975 , 
when the market for products around the world was saturated , processing 
facilities in most of these foreign countries sat id1e and processing 
was carried out in many areas at just about half. There is no way , 
barring severe crop failures in important producing and processing areas 
of the worl d , that growers or processors can make money under these con­
ditions. In 1976 , two serious conditions prevailed which quickly 
corrected the oversupply. First , at the start of the season , there was 
a cannery strike in California which resu1ted in the 10ss in the fie1ds 
of thousands of tons of growers1fruit. Then , at the height of the 
harvesting season , the entire state was subject to periodic and heavy 
rains. Growers in Californi a., who had a 61豆 million ton crop , 10st c10se 
to 1.3 mil1ion tons of ripe tomatoes in the fields. Once again , the 
market strengthened for processing tomatoes and tomato products. 

This points up two very important factors that inf1uence the stabi-
1ity and hea1th of this industry , both on a national and an internationa1 
1evel. The first is the fluctuating supp1y often associated with change 
in the quality of the pack; the second is the magnitude of losses that 
occur general1y as the result of untimely and excessive rain. 

Markets are expanding in all areas of the wor1d. It would appear 
logical that the growers and processors closest to the area would supply 
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those markets. The next 10gica1 step is to seek the export market which , 
with success , wou1d bring further growth to the industry. This invo1ves 
some po1itics - an area outside my fie1d. The arena of trade is comp1i-
cated and there is a desire of a11 nations to ‘ maintain a ba1ance of trade. 
However , it is a fact that tomato processors go where they can operate 
at the 10west costs and greatest returns. Simi1ar1y , buyers purchase 
processed tomatoes and their products where they can get them the 
cheapest. 

In this same direction is the increase in bu1k shipment and bu1k 
storage of tomato paste. 1 have been surprised at how slow1y the Ca1i­
fornia processing industry took up the concept of bu1k storage of tomato 
paste or concentrate in 1arge stee1 tanks. Two of the major nationa1 
processors a1ready knew about and practiced this for c10se to 15 years. 
With the deve10pment of the Purdue University research on bu1k storage 
in 1arge stee1 tanks being offered to a11 processors in the wor1d , we 
are now seeing a 10t of tomato pu1p storage tanks - 75 ,700 , 151 ,400 , 378 ,500 , 
or 473 ,125 1iter tanks - spring up across the United States and in other 
countr汁 es. Many in the US wil1 be 10cated not on1y in Ca1ifornia but in 
the East and Midwest. However , those Eastern and Midwestern tanks wi11 
be fi11ed most1y with tomatoes grown and first processed in Ca1ifornia. 
This product is then shipped in steri1e rai1 tank cars to the East and 
Midwest , shipments of bu1k paste to the Far East or Europe for remanufac­
ture go by sea. When fu11y exp10ited , this wi11 be a rea1 shot in the 
arm for the processing industry of the areas in which the tanks are 10-
cated. But , in the United States , it wi11 be main1y Ca1ifornia-grown 
tomatoes that wi11 fi11 these tanks. The same may ho1d for some foreign 
countries. Tomato products wi11 be remanufactured from this product 5 
days a week into whatever container size of tomato product is most profit­
able at the time , with indicated adjustments to the market demand being 
made with a minimum of time , effort , and money. 

Let's go back now and touch once again on the quality factor. 1 
can't overemphasize the importance of uniform grade standards and raw 
product inspection. This is a necessary step in quality control so im­
portant in marketing both the raw product and the finished product. 

In California we have a Canning Tomato Advisory Committee made up 
of 5 growers and 5 canners appointed by the Director of Food and Agricul­
ture. This committee makes recommendations for research on matters of 
grading , grade standards , and inspection procedures. They also approve 
research projects that have been developed cooperatively between various 
subcommittees of the major committee and researchers at the University 
of California. Funds necessary for the support of such research are 
provided from canning inspection fee funds which are assessed equally 
between growers and canners. This committee has been in operation in 
California for 10 years and has led to significant improvements in 
grading and inspection. It has done much to assure the maintenance of 
high standards of grading and inspection , and the assurance of a high 
quality product. Also , and very important1y , it has brought growers 
and canners c10ser together , resu1ting in better communications , and more 
intel1igent and equitab1e decisions in al1 matters relating to this area 
of qua1ity assurance. 

Reflecting on the accomp1ishments of our grading and inspection 
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processes directly attributable to the Committee and its various sub­
committees , 1 would propose that this concept be expanded on local , 
national , and international levels. 1 would think that the creation of 
an International Tomato Advisory Committee would be worthy of conside­
ration by this group. Not only could such a committee deal with problems 
of production , quality measurement , processing , or marketing , but , depend;ng 
on the make-up of the committee , it could more wisely assess priorities 
and suggest the most promising avenues of approach and solutions to these 
problems. Such a representation could help greatly in avoiding duplica-
tion of research , and bring to bear on each problem the best talents 
available. 

To return to California for a moment , there has just been appointed 
a new University of California-Industry Tomato Breeding Comm;ttee. Its 
purpose is to periodically review objectives and progress of the tomato 
breeding program at the Un;versity of California. The committee consists 
of 6 producer representatives who have been selected from the Board of 
Directors of Californ;a Tomato Research Institute , and 6 processors from 
major canners ;n California , and representatives of the seed companies 
who conduct tomato breeding programs. Currently , the University of Cali­
fornia's tomato breeding program ;s supported financially by both growers 
and canners. This will continue in the years ahead. The California 
Tomato Research Institute is funding not only Dr. Allen Stevens l breeding 
program but the variety evaluation trials conducted by farm advisors 
throughout California. In addition to this , our Institute equipped and 
is supporting a central laboratory at the University where important 
tomato quality character、 istics are measured. 1 am telling you of this 
to illustrate the success we have had with the interaction between the 
university , the grower , and the processor. This concept might be incor­
porated in other countries because the future is here. It will remain 
so depending on what we do now. No one can rest on their laurels. No 
area has a corner on the brains in this world. We have progressive growers 
and processors everywhere. Research stations such as AVRDC add great 
strength to the opportunities that can be exploited. The world needs 
our product. The problems of the world are ours. They include hunger , 
i ncreas i ng 1 abor cos ts , the need for hi gher producti vi ty , new product 
development , and marketing. Through research we must plan for the future. 
As the worl d makes greater demands for hi gh qual i ty processed tOlllatoes 
and tomato products , we will succeed in proportion to the kinds and 
quality of our research , the skills and dedication of our people to ex­
cellence , and the development of successful programs for increasing pro­
ductivity on the world's agricultural lands. 
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CONSUMPTION AND UTILIZATION OF TOMATO IN TAIWAN 

C.5. Tsou and 5.C.L. Chiuα 

INTRODUCTION 

Vegetables play an important role in the Chinese diet. More than 
a hundred kinds can be found in most Taiwan vegetable markets. During 
the last 10 years , vegetable consumption in Taiwan has increased remark­
ably. Per capita consumption of vegetables has doubled since 1967 (15). 
The price index of food items indicates that vegetable prices increased 
more rapidly than those of other food items (10). 

Tomatoes are important fruit vegetables in the Chinese diet , and an 
important commodity for processing. During the last 10 years , the 
production and planting acreage of tomatoes has rapidly increased due 
primarily to the canning industrγfor export (12). The development of 
the processing industry , however , has stimulated domestic consumption. 
This paper will review the consumption and utilization of tomatoes in 
Taiwan since 1968. The possible role of lowland tropical tomato being 
developed at the Asian Vegetable Research and Development Center (AVRDC) 
will also be discussed. 

PROCE55ING TOMATO 

The food processing industry in Taiwan concentrates on canned products. 
Pineapple initiated the rapid development phase of the canning industry. 
Although the tomato processing industrγhas existed for a long time (14) , 
the establishment of Taiwan Kagome Company opened a new phase since 1967. 
In 1969 there were only 3 factories that canned tomatoes (13). By 1977 , 
53 factories or processors exported canned tomatoes. The export volume 
of each factory varied from 83 - 308 ,194 standard cases per year. The 
frequency distribution of factories according to the export volume is 
shown in Fig. 1. Tomato paste and peeled tomatoes are the major canned 
products (64% and 24%, respectively). Unfortunately , the markets are 
not very stable. For example , in 1976 , 592 ,920 standard cases of tomato 
products were exported to Canada (38% of the total export volume); in 
1977 , however , this dropped to 81 ,013 standard cases. 

αAssociate chemist and research assistant , Asian Vegetable Research and 
Development Center , P.O. Box 42 , 5hanhua , Tainan , Taiwan , ROC. 
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Production of tomato is concentrated in the coo1 winter season in 
Taiwan. Most of the processors are 10cated in the major production areas 
(Tainan , Chiayi , and Yun1in). None of the processors (inc1uding Taiwan 
Kagome Co.) processes on1y one commodity. The pack seasons of major 
canned foods are shown in Fig. 2. The pack season for tomato starts in 
Nov and ends in Apr. 
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Processing tomatoes are generally medium-small in size. Harvested 
at the fully ripe stage , processing tomatoes are transported directly 
to factory. T 卡 ese tomatoes are different from the fresh market tomatoes 
bought ~n the domestic markets. However , recently , the processing tomato 
has appeared in the market , especially during the peak production season. 
It seems to be accepted by the consumers. 

FRESH 阿ARKET TOMATO 

Tomato in Taiwan is often considered a fruit rather than a vegetable. 
Consumers prefer a medium to large size tomato , harvested at mature-green 
or breaker stage , and consumed without post-harvest ripening. Fruit 
with green shoulders are prefered. Ripened tomatoes are sliced and 
prepared with other foods as a vegetable. Fruit size is not considered 
critical. Recently , the consumption of fresh market tomato increased 
dramatically. The transaction volume , average þrice , and percentage of a 
few selected vegetables to total volume of vegetables transacted in Tai­
pei are compiled in Table 1 (11). 

Chinese cabbage (heading type) , common cabbage , and radish are three 
important vegetables in the Chinese diet. Since 1975 , tomato has become 
number four. The big jump from 1974 to 1975 in tomato consumption is 
due to the introduction of processing tomato into the market. The 
average price of vegetables increased from US$99/t in 1974 to US$162/t in 
1977. The tomato pr‘ ice , however , remained stable during this period. 

Seasonal variation of vegetable supply is a common complaint among 
urban consumers. Due to the high temperature and rainfall , summer 
vegetable growers have a higher risk of crop failure. Many vegetables 
have to be grown in the highlands during the summer~ I~e mgnthly con­
sumption of total vegetables and tomatoes is shown in Fig. 3. During the 
summer (Jun - Sep) , there were fewer vegetable transactions in Taipei. 
In 1974 , the monthly transaction volume of tomato was not much different 
throughout the year except the slight increase in Dec. In 1975 , the 
supply of tomatoes showed strong seasonality. In Mar , per capita trans­
actlon volume increased from 0.083 kg in 1974 to 1.04 kg in 1975. 

Nutrients from vegetables , fruit , and tomatoes are listed in Table 
2. In most countries vegetables and fruit are the primary sources of 
vitamin A and C. However , in Taiwan , vegetables are also the major 
source of B2' calcium , and iron. As indicated by nutrition surveys , the 
Chinese diet is deficient in these three nutrients (3). Unfortunately , 
tomatoes contributeonly 1. 77%,1. 36%, and 2.20% of B2 ' calcium , and iron , 
respectively. However , tomatoes are a good source of vit. A, a nutrient 
slightly deficient in Taiwanese diets. 

TOMATO CONSUMPTION PATTERNS 

Unlike staple food , the consumption patterns of vegetables can be 
affected by many factors even in a specific location or a specific group 
of people. Family income is one of the major factors that affects the 
quality and kind of vegetables consumed in the household. In general , 
the lower income groups spend higher percentages of their income on 
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Table 2. Food nutrients - percentage of total 
amount in food contributed by vegetables , 
fruit , and tomatoes in Taipei during 1976. 

S 0 J J 開F M J 

3. Fig. 

Tomato Fruit Vegetables Nutrients 
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0.54 5.5 24.3 1 ron 

0.64 

0.53 

11. 5 

7.2 

74.6 

15.2 

Vitamin A 

Vitamin B1 

Vitamin B2 0.53 6.8 30.1 

0.52 4.5 11. 4 Niacin 

2.82 38.3 60.7 Vitamin C 

45 

0.05 0.4 1. 1 Fat 



food. The Engel coefficient of various income groups in Taipei varied 
from 36-54% with a mean of 41 % (7) which was high compared to developed 
countries. The expenditure coefficients of selected food items to total 
food expenditure from 1972-1977 are summarized in Table 3. The average 
incomes of each respective year are also listed. Cereals was the only 
food group showing a clear trend. Although it is difficult to see a 
general trend in total vegetable consumption from this table , we can 
still see changes in consumption by comparing each individual vegetable 
(Table 1). 

Table 3. Monthly income and expenditure coefficients (to 
total food expenditure) of selected foods per 
household in Taipei. ~ 

Year Income Cereals Meat Vegetables Fruit 

-US$-

1972 184.9 14.83 29.76 15.06 7.45 

1973 197 . 1 15.59 30.01 17.06 7.22 

1974 261.9 17.37 28.35 17.23 7.52 

1975 292.7 16.36 30.52 16.92 7.42 

1976 346.8 15.93 30.60 15.85 8.24 

1977 371. 4 13.93 31. 13 17.14 8.32 

α 

Ref. 6. 

The agricultural economics group of AVRDC conducted a survey in 
1977 to study the vegetable consumption patterns in 5 cities (2). This 
survey revealed that as income increased , consumers increased overall 
real food expenditures and those to fruit , fish , meat , and milk. Vege-
table expenditure , on the other hand , declined as income increased , except 
among the highest income groups. This tendency holds for all the 
vegetable sub-groups (leafy , green , root , flower , fruit , and legume). 
Consumer buying patterns and attitudes on specific vegetables were also 
studied. The survey showed a positive relationship between tomato con­
sumption and income class. The major factors leading them to consume 
tomatoes are nutritional content , taste , and appearance. Taipei is the only 
city that has more consumers who consider the tomato a vegetable (52.4%). 
In the other four cities , tomatoes are consumed as fruit. In all five 
cities surveyed , red tomatoes are preferred by consumers. However , 
there are more people in Kaohsiung and Changhua than Taipei in favor of 
green tomatoes. 

Unlike in the United States , canned tomato products are not popular 
in Taiwan. Less than 4~ per household per month was spent for tomato 
sauce in Taipei. There was a slight increase from 1973目 75. However , 
;t leveled off after 1975. In the United States , the per capita con­
sumption of canned tomatoes was 9.57 kg in 1974 (16). 

46 



POTENTIAL ROLES OF TROPICAL TOMATO IN TAIWAN 

The consumption pattern of fresh market tomato in Taiwan changed 
in 1975. Fully ripened ,small size tomatoes were introduced into the 
fresh market and accepted by the consumers. The price , however , is 
generally lower than for those big mature-green fruit produced by indeter­
minate varieties. During the hot humid summer , the tomato supply is still 
very 1 imi ted (Fi g. 4). The percentage of tomato as tota 1 vegetab 1 e 
consumed in Taipei is much less in the summer regardless of the fact 
that there are fewer vegetables available then. The development of the 
processing industry did not provide technologies for summer tomato pro­
duction. In order to have a better understanding of summer tomato pro-
duction in Taiwan , the agricultural economics group made a survey in 
1977 (4). Three distinct sub-seasons have been identified -- lowland 
late summer , upland early summer , and upland full summer (Table 4). 
Although the late summer season has a higher yield , the income and net 
return are much less than those of the early summer season. Correlation 
studies reveal that reduction of production expenses increases farmers. 
net return in all three sub-seasons. Rainfall has been identified as one 
of the important factors which cause yield reduction of summer tomatoes , 
since the late summer sub-season is already in the lowland and can be 
harvested by early Oct. A heat-tolerant variety is not essential for 
lowland production in this season. The major gap to be filled is from 
Jun to Sep. 

The tropical lowland tomato developed at AVRDC has shown a promising 
yield potential under summer conditions (1). It may not have immediate 
impact on the processing industrγbut it could serve as a fresh-market 
tomato during the summer s ‘~ason. The quality needs improvement to meet 
local preferences. 
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Table 4. Selected information on three sub-seasons of summer tomato. α 

Sub-season Major area Harvest Yield Price Production Farm Net 
expenses i ncome return 

-t/ha- -US$jkg-
一---thousand US$/ha-----

Late Summer Changhua Early Oct - 69.4 0.10 8.0 4.0 -1. 1 
(lowland) Mid Dec 

Early Summer Taipei Early Jun - 40.1 0.37 7.2 13.6 7.8 
(highland) Late Jul 

Summer Nantou Early Jul - 25.8 0.33 8.4 4.8 。(highland) Late Aug 

αRef. 4. 

Experiments have been conducted at AVRDC to eva1uate the qua1ity of 
one promising 1ine (CL11d) harvested during the summer season. Since 
the fruit size of this 1ine is re1ative1y sma11 , the qua1ity at ripening 
was tested (Tab1e 5). Resu1ts show higher vitamin C than fruit harvested 
during the coo1 season. No significant differences were found in co10r. 
Solub1e solid and titratab1e acidity were higher. The solub1e solid to 
acidity ratio remains steady , a1though slight1y h~gher. in the summer 
season. This property is associated with f1avor (8 , 9). From a 1aboratory 
taste study , we found Chinese pane1s consider this important to f1avor. 
Since this ratio is re1ative1y 10w , pane1s consider the tomatoes 
slight1y sour. However , since this tomato wi11 be used as a vegetab1e , 
it may sti11 be accepted by consumers for cooking. 

Table 5. Quality characteristics of C11d-0-1-2-0 harvested at various months. α 

R~penb Beta- Titratable pH Soluble Vitamin C Soluble solids/ 
stage carotene acdity solids titratable acidity 

-m/lOOg- -%- -Vbri x- -mg /l OOg-

red 0.92 0.576 4.16 6.73 41. 5 11. 7 
Jul lt. red 0.67 0.573 4.21 6.27 39.4 10.9 

pink 0.55 0.545 4.17 6.09 40.4 11. 2 

red 0.87 0.584 4.10 6.24 37.4 10.7 
Aug 1 t. red 0.55 0.583 4.07 5.90 34.7 10 .1 

pink 0.55 0.562 4.12 5.88 36.6 10.5 

red 0.79 0.551 4.17 6.21 35.7 11. 3 
Sep lt. red 0.65 0.540 4.13 5.79 35.0 10.7 

pink 0.53 0.566 4.11 5.63 33.4 9.9 

red 0.94 0. 546 4.37 5.66 27.4 10.4 
Oct lt. red 0.83 0.565 4.31 5.70 29.6 10.1 

pink 0.73 0.590 4.27 5.33 26.6 9.0 
red 0.91 0.454 4.28 4.42 26.2 9.7 

Nov 1 t. red 0.87 0.494 4.23 4.32 26.2 8 .7 
pink 0.71 0.482 4.25 4.07 25.3 8. 4 

:A叫yses were ca川 ed out e附y week. Data prese悅d are average 叫 ues of that month 
red - more than 90克 of the surface i s well colored. Light red - more than 60克 of the 

surface is fairly well colored. Pink - 30 - 60克 of the surface is fairl y well colored. 
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Table 6. Days to various ripeness stages of tomato , 1977-78. 

Date Planted 

Dec 1 

Dec 1 

Jan 15 

Jan 15 

Mar 1 

Mar 1 

Apr 15 

Apr 15 

Dated tagged Breaker Turning Pink Red 
Red color 

(Hunter a/b) 

~~-~-- -------days- --- ---------- - ------

Jan 14 55.8 58.0 60.7 64.7 2.12 

Feb 17 49.5 52.8 57.0 60.3 1. 95 

Feb 17 54.0 54.4 61. 2 67.0 1. 89 

Mar 16 46.7 50.3 53.9 60.8 1. 82 

Apr 14 32.5 35.6 38.6 41. 7 2.25 

May 4 30.5 32.8 36.5 39.4 1. 91 

May 15 37.4 39.9 43.5 47.4 1. 97 

Jun 8 28.2 31. 0 34.1 39.6 2.16 

一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一 一 一一一一一一一一一一一一一一一一一一一一

LSD 5% 
1% 

5.7 

10.3 

5.3 

9.5 

4.8 

8.2 

5.1 0.18 

9.0 0.33 

In order to understand tomato development under tropical conditions , 
a fruit tagging experiment was conducted by Chemistry in cooperation with 
Crop Management at AVRDC. Tomatoes were transplanted wit~ an interval of 
one" and hãlf months. Forty small fruit were tagged monthly for each 
planting. Fruit were divided into five ripening stages and the number 
of fruit at each stage were recorded every three days. The days to ripen­
ing of each planting-are summarized in Table 6. During the summer , the 
days required for ripening are significantly less tha~ in spring. Fruit 
dropping was a serious prõblem during summer (~able 7)~ Fruit can 
remain on the vine rather well before stage 2 (breaker). Most fruit 
dropping occurred between stages 3 and 5. This result indicates . th~t ， 
in order to guarantee yield , summer tomato should be harvested during 
the mature-green and breaker stage. Post-harvest ripening could be a 
potential solution toimprovedappearance , although this is not a currently 
common practice in Taiwan. 

Table 7. Tomato fruit dropping (including pest damage) at different ripeness stages , 1977-78. 

Date planted Date recorded 
Ripeness stage 

Total 
Green Breaker Turning Pink Red 

一一一一一一一一一一一- %一一一一一一一一一一一-一一-

Dec 1 Jan 14 - Apr 3 。 。 G 。 2.4 2.4 

Dec 1 Feb 17 - Apr 27 。 。 。 。 16.7 16.7 

Jan 15 Feb 17 - May 4 。 。 。 13.3 6.7 20.0 

Jan 15 Mar 16 - May 18 。 3.4 27.6 24.1 6.8 61. 9 

Mar 1 Apr 14 - Jun 5 12.5 口 6.3 22.9 31. 3 73.0 

Mar 1 May 4 - Jun 19 14.9 1. 9 14.9 42.7 5.6 80.0 

Apr 15 May 15 - Jul 10 5.0 7.1 21. 2 28.2 9.1 70.6 

Apr 15 Jun 8 - Jul 24 1. 9 。 9.5 23.0 7.6 42.0 
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PILOT COMMERCIAL TRIALS WITH 

TOMATOES IN LOWLAND PAPUA NEW GUINEA 

K.J. Blackburnα 

INTRODUCTION 

The national capital and largest urban center of Papua New Guinea 
(PNG) , Port 鬥oresby ， is seriously under-supplied with fresh fruit and 
vegetables. With a population exceeding 100 ,000 and growing at 9% per 
year , Port Moresby imports an estimated US$1.5 million worth of fresh 
vegetables annually. Out of this , some 200 t of fresh tomatoes are imported 
from Australia , and this figure is growing as population increases and 
food consumption patterns change. 

Local production of tomatoes over the years has been highly seasonal 
and irregular with no continuity of supply. Retail outlets prefer to 
import their supplies rather than rely on local production. Market 
gardening in the Port Moresby area generally lacks technical expertise 
and capital investment. These gardening projects usually fail after two 
of three years of production. There are currently four expatriate tomato 
growers in the area who produce limited supplies during the dv season 
(Jul-Nov). In the national sector there are no commercial tomato growers; 
tomatoes are grown as a component of the subsistence gardening pattern and 
sold through the traditional market outlets. 

Tomatoes are grown in highland areas , (Wau , Goroka , Tapini) , and air­
freighted to Port Moresby. Prices paid can vary from US$2.20 - US$4.50/kg 
depending on supply and quality. Tomatoes imported from Australia are 
often chilled in transit , resulting in poor quality and poor keeping 
ability. 

The climate of the Port Moresby hinterland is dominated by strong 
dry onshore southeast winds extending , usually , from May to Oct. The 
main wet season coincides with the period of variable northwest winds 
from Dec-Mar. Doldrums in Nov and Apr mark the seasonal change. The 
effect of the southeast wind has its dominant agronomic effect on exposed 
coastal locations where it causes a rapid drying of native vegetation , 
and it can be damaging to wind-susceptible plants. The average annual 
rainfall is about 1200 mm/yr. Near Port Moresby , tomatoes have only been 
cultivated in the dry season resulting in a peak production from Aug-Sep , 

αHorticulturalist ， Plant Quar、antine and Horticulture Research Station , 
Laloki , Department of Primary Industry , P.O. Box 2417 , Konedobu , Papua 
New Guinea. 
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with usually one crop per year. Poor fruit set , water、 logging ， and severe 
leaf disease have discouraged wet season production. 

Since 1974 , the University of Papua New Guinea (UPNG) and the Depart­
ment of Primary Industry (DPI) have intensively screened tomato varieties 
at Laloki. Although all early research concentrated on varieties that 
are susceptible to bacterial wilt (Pseudomonαs so Z.an仰的仰7) ， the emphasis 
now is on wilt resistant breeding lines. 

In 1976 , DPI evaluated 35 wilt resistant cultivars from the University 
of the Philippines College of Agriculture (UPCA). These were generally 
too small and too bitter for commercial value. This work at DPI Laloki 
was given a significant impetus in 1977 with the acquisition of fifty 
C 555-F5 breeding lines from the Asian Vegetable Research and Development 
Center (AVRDC). During the 1977 and 78 growing season 210 breeding lines 
from AVRDC were evaluated at Laloki. One line , C 555-F5-19 , was selected 
for its exceptional fruit size , palatability , and disease resistance. 
The early assessments of commercially available varieties were seriously 
affected by losses from bacterial wilt. All commercial vegetable growers 
in the Port Moresby area have had tomato crop failures after wilt has 
built up on their farms and , generally , they have abandoned tomato 
growing as a viable enterprise. 

The PNG government has a firm and important policy of import replace­
ment and self-sufficiency in fresh food production. In 1977 , the South 
Coast Food Production Project (SCFPP) was initiated to meet the demands 
of the Port 川oresby area for locally produced vegetables , fruit , and 
basic foodstuffs. This project would serve as a model for food production 
in other urban areas. The absence of any large scale efficient market 
gardening enterprizes near Port Moresby to supply economic data on vege­
table production made the SCFPP necessary. The project aims for large 
grower groups using intensive production methods and employing management 
and labor so that the government's objectives can be realized as soon as 
possible. The lack of detailed and reliable economic data on the pro­
duction of vegetable crops was considered a serious handicap to any exten­
sion effort to encourage vegetable production. Therefore , it was decided 
that the phasing of crops into production patterns would be preceded by 
pilot commercial trials on two vegetable varieties per year. In 1977 , 
tomatoes and common cabbage were selected. 

MATERIALS AND METHODS 

A sequential rotation pattern was designed so that two tomato blocks 
were in production at any one time (Fig. 1). Each two blocks were planted 
four weeks apart so that continuous production could be achieved. In the 
dry season there was considerable production overlap as blocks were 
allowed to produce longer than the arbitrary four week period. Generally , 
if a block was producing well then we . allowed it to continue , especially 
if a fallow period followed. The objective in the pilot commercial trial 
was to have each block produce two tomato crops followed by a fallow 
period when a cover crop was planted. 

The tomato varieties selected for evaluation were AVRDC selection 
C 555-F5-19 and a selection from the Philippines , S 665. Only four blocks 
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of S 665 were planted in the trial as yield records and quality assess­
ments highly favored C 555-F5-19. In the third planting both blocks were 
planted with S 665 as we considered C 555-F5-19 more susceptible to TMV. 
Subsequent to this decision , C 555-F5-19 proved TMV tolerant although a 
severe infestation had occurred in the second planting. S 665 , was 
considered the more commercially acceptable type before we had access to 
AVRDC breeding lines. 

Cultural methods employed in the trials were altered as the t r ials 
progressed (Table 1). Initially , we used a single overhead wire to which 
twine was tied for plant support; however , this was insufficient to hold 
the plants erect. A system using three parallel wire combined with bam­
boo sta kes was then adopted. This system tended to provide more su pport 
for the lateral branches of the mature plants. 
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Table 1. General cultural practices used in pilot commer、cial
trials; PNG , 1978. 
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Approximately 500 ml of 
drench applied around 
each transplanted seed­
ling. 

All seedlings were grown in Jiffy 7 peat pellets for convenience in 
management. The seedlings were propagated on an automatic system using 
shallow trays with 2.5 cm of gravel and were fed with a complete nutrient 
solution. They were transplanted to the side of a ridge during dry season 
operations so that water from furrow irrigation was easily available to 
the roots. In the wet season , a sweet potato ridger was used to cons­
truct a high ridge and the seedlings were transplanted to the high central 
portion. 
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In May 1978 , the system of staking plus hand-weeding was changed to 
one of ground grown crops with inter-row mechanical cultivation. This 
decision was the resu1t of Labor Union activity which resu1ted in an 
increase of 1aborer's wages from US$16.98/week to US$42.55/week. Record­
ings were made of a11 1abor operations on each tomato b10ck so that 
detai1ed economic ana1yses cou1d be made. 

In May-.Jun 1978 , field estimations showed that nematodes were affecting 
25-30% of the p1ants in the second p1anting in each b1ock. Recommended 
chemica1s for nematode control were ordered from overseas but did not 
arrive in PNG unti1 Sep 1978. In the meantime a granu1ar formu1ation of 
fenamiphos was used on the b10cks and was compared with dazomid. During 
the wet season twice week1y app1ications of insecticide p1us fungicide 
were app1ied as a management po1icy but this was reduced to week1y 
app1ications during the dry season. 

During periods of high production , we harvested daily but three 
times per week was norma1. After harvest , tomatoes were dipped in a 
bactericide , graded and packed into 10 kg containers , and sold to the 
National Food Marketing Corporation (F阿C). In the origina1 tria1 criteria 
we decided that cu11 tomatoes were fruit of 60 9 and below. Fig. 1 shows 
that si x out of the nine tomato b10cks completed three cropping periods. 
This was considered maximum. Over the 60 week tria1 period 60 ,946 kg of 
marketab1e tomatoes were produced at an average price of US$0.73/kg. This 
represents a gross income of US$44 ,490. 

Two po1ythene covered houses were constructed to determine the effects 
of rain on tomato production during the wet season. The first house was 
open sided and made from timber . A gap in the roof a110wed the re1ease of 
hot air. The second house , constructed of steel pipe , was shaped 1ike 
an ig100 with wa11s that descended to within one metre of the ground. 
Both houses were 30 m long and 9 m wi de. The fi rs t house was d i vi ded i nto 
three sections consisting of two beds per section p1anted at different 
dates. The ig100 house was p1anted to one crop on1y. The p1ant spacing 
within these houses was very c10se (50 cm x 45 cm) and the p1ants were 
staked simi1ar1y to the fie1d p1antings . Four weeks after a period of 
exceptional1y hot weather , production in the ig100 house a1most ceased. 
However , the plants recovered and continued to produce we11 for 5 months. 

55 



A demonstration block comparing staked tomatoes and no mulch with 
an equal area of tomatoes and a grass mulch was laid down late in the 
1978 wet season. Random samples of commercial tomatoes were examined 
from time to time to determine average fruit sizes and the percentage of 
cull tomatoes. 

RESULTS AND DISCUSSION 

Dry season yield records in 1977 were high and exceeded the best 
tomato yield records ever achieved at Laloki. The highest marketable 
yield obtained with C 555-F5-19 was 48.7 t/ha during Nov-Jan while the 
lowest yields of 6.4 t/ha and 3.8 t/ha were during May-Jul (Fig. 1). 
These low yields were attributed to a severe nematode infestation at the 
end of the wet season which did not allow tomato production to significantly 
increase until nematicide treatments were applied in May and Jun , 1978 
(blocks 2 , 5 , 3 , and 6). Although severe nematode damage occurred on the 
AVRDC selection, it proved reasonably tolerant and produced a crop. 

Table 2 shows that the net return dropped suddenly at the onset of the 
wet season in blocks 1 and 7 , second crops , although this decrease in 
production was also associated with nematodes in a11 second crops of the 
rotation. Block 9 , first crop , showed a net return of US$6 ,067 while 
block 6 , which was the second crop on that block , planted at a similar 
time showed a net 10ss of US$6 ,418. The build-up of nematodes in the 
second crop on each block was so serious that it prevented the production 
of tomatoes from recovering at the end of the wet season. From blocks 
3 and 9 , second crops , onwards unti1 the termination of the experiment , 
there should have been a rapid increase in production of marketable fruit 
to correspond with the ideal growing conditions. 

The final three tomato blocks (5 , 3 , and 6) were treated with nemati­
cides that were locally available at the time but not recommended for 
tomatoes. Some control was achieved (Table 3) but assessments have been 
confounded by changing over to the no-staking system in blocks 2 , 5, 3 , and 
6. The total labor used in these four b10cks was reduced but yields were 
not high. Labor used for dipping in the bactericide and drying increased 
in the same four blocks due to the excess contamination from soi1 in non­
staked tomatoes. 
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Table 3. Percentage affected plants with two nematicide 
treatments. 

Nematode 
affected 

Healthy 
plants 

Block 3 
(fenamiphos treatment) 

36.8 

63.2 

Block 6 
(dazomid treatment) 

65.5 

34.5 
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In the costing analyses , the rural wage rate was used , (i.e. 
US$16.98/week or US$O.40/hr) as a commercial enterprise would not be pro­
fitable at the urban wage rate and a selling price of US$O.73/kg. Small 
consignments of tomatoes were sold to retail outlets rather than the 
FMC to assess their marketability and an average price of US$1.77 was 
received. Under the present dry-season system of ground grown crops 
with inter-row cultivation , band placement of nematicide and herbicide , 
and a high selling price , commercial tomato production may be feasible 
at the urban wage rate of US$42.55/wk. Continuing trials on this system 
are being carr汁 ed out and it has been found that certain skills will 
have to be developed to undertake the more precise machinery management 
of these operations. 

In the last four blocks (2 , 5, 3 and 6) the proportion of labor 
spent on hand-weeding is high although inter-row cultivation was used. 
Lack of driver experience in using inter-row cultivation implements for 
fear of ripping out plants was responsible. Unless he was specifically 
directed to cultivate , the supervisor usually allowed the blocks to be 
hand-weeded. 

In Fig. 2, the average production for two blocks has been compared 
to both rainfall and temperature records. The drop in marketable 
production during the wet season (Jan-May) was caused by the high propor­
tion of cull tomatoes (Fig. 3). Under dry season conditions 5-15% would 
be culls. The length of the production period for each crop determines 
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Fig.3 . Effect of rainfall on weekly production of cull tomatoes 侃}

the relative proportion - the older the plants , the higher the proportion 
of undersized fruit. During the wet season the percentage of cull 
tomatoes increased to 48克 due to damage caused by high intensity rainfall 
in mid-July. The AVRDC tomato selection is not considered rain resistant 
as a result of these trials. 

Fig. 4 compares marketable production of tomatoes in the plastic 
houses against field production. It appears that maximum and minimum 
temperature conditions on Laloki do not affect the fruit set of the 
AVRDC selection , which is considered heat-tolerant. The reduction in 
yield , apart from severe nematode damage , would appear to be the result 
of rainfall on the crop during the wet season. 

Table 4 compares the difference in yield obtained from staked 

Table 4. The effect of staking and no staking plus grass mulch 
on tomato production. 

Staking - no mulch No staking plus mulch 

Yield per block 388.4 kg 170.5 kg 

Average fruit weight 91. 0 9 72.0 9 

Cull fruit (%) 23.3 35.2 

Rotten fruit (%) 10.0 17.0 
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R剖d grown tomatoes 
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叩j I 
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Fìg.4. Equivalent yield comparisons of crops grown in plastic houses (2 types) with crops 
grown in the soil at approximately similar 帥nting dates 

tomatoes with no mulching against no staking with a grass mulch. The 
production period was from May - Jul , 1978 which corresponds tb the end 
of the wet and beginning of the dry period. Approximately 400 plants 
were planted for both treatments. Average marketable fruit weights are 
low and do not represent a true figure. Generally fruit weights are weìl 
in excess of 100 9 per fruit and reach an average of 210 9 for large 
selεcted fruit. 

Determinations of the average size of marketable and cull fruit was 
made on Oct 1978 from random samples of field production (Table 5). 
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Table 5. Average fruit size and percentage cul l s from field; 
random sample of tomatoes. 

Marketable fruit Cu 11 Frui t 

Total weight (kg) 56.9 3.4 

Number of fruit 547 78 

Average weight of 104.0 43.6 fru i t (g) 

Cull fruit (%) 5.6 

Average weight of 
48.7 cull fruits (g ) 



The occurrence of soi1 fun衍， 印eZortiwn roZfs仿 、 Pythium s p . , and 
Phytophtorα sp . ， is an important cause of fruit rot in the fie1d , especia11y 
with ground grown crops. Tomato 1eaf diseases identified at La10ki are: 

Funga1 leaf spots: A Zternαriα soZαn王
Coryγwsporα σαs土土。oZα
Septor土α Zyσopers土ci

Funga 1 1 ea f mo 1 ds : Pμ Zviα fu Zvum 
Cercosporα fuZ土.gerα

Bacteria1 diseases: Pseμdomoηαs soZαηceαpμm 
(Biotypes three and four have been identified in PNG soils.) 

A co 11 a r ro t , Sσ Zerot至um r oZfsii , causes seed1ing 10ss in the fie1d and 
nematode damage is caused by MeZoidogyne αrenαriα and M. inσo伊7itα .

CONCLUSION 

The cultivation of the AVRDC selection C 555-F5-19 during the dry 
season was a commercial success. This line exhibited outstanding quali­
ties of heat-tolerance , bacterial wilt resistance , tolerance to nematode 
in f estation , and a high yielding ability under trial conditions. Nema­
tode infestation was the major limiting factor in production since May 
1978. Thi s toma to has been named 11 Chance 11 or" i n acco rdan ce wi th AVRDC 
permission. The continued success of AVRDC breeding lines in the Port 
Moresby environment would be substantially enhanced by the introduction 
of leaf disease resistance into the breeding program. Popular request 
has resulted in a limited distribution of IIChance110r ll seed throughout 
10w1and PNG. Recent records of its performance have been very good. A" 
large nationa1 company has recent1y adopted this variety as the basis for 
its tomato production program. 
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DISCUSSION SESSION 1 

Holl 己 Dr. Villareal , could you quantitatively define "hot , humid lowland" 
茄古τmain growing (months) periods" in y叫 ation to tomato cropping in the 
tropics? 

villarea1: We have not quantified these words yet. However , 1 would con­
sider the lowlands to be below 500 m above sea level. The humid part comes 
mostly during the rainy season when temperatures are also high. The main 
growing months in Taiwan are from Oct to Apr when it is relatively drier. 
Dr. R.T. Opena , AVRDC's white potato breeder , consfders the lowland trop­
ics to be less than 300 m above sea level. 

Sonarjon0: What are your ideas on breeding for resistance to late blight 
disease ( Phytophthorα infestαns )? As we know , resistance is controlled 
by polygenic recessive genes. Phytophthora pathogens are very variable , 
paticularly in the tropics , and many factors influence the virulence of 
the pathogens. Also , not enough breeding materials with complete resis­
tance are available. 

v illarea1: First , we have not found a truly late blight resistant cultivar. 
Second , those with acceptable levels of resistance have less than 1 9 
fruit size. With these two limitations , 1 am inclined to use a modified 
recurrent selection technique to increase the levels of late blight 
resistance in the current cultivars. 

Volin: Please clarify your observations that tomato resistance to late 
blight appears to be unstable. Specifically , what conditions cause or con­
tribute largely to variability of resistance and is this instability 
mostly detey可nined by new races of the pathogen or is it environmentally 
induced? 

Villarea1: 1 suspect that the instability in AVRDC materials was due 
primarily to environmental causes. We have not done any studies on 
differentiating late blight races. Dr. Yang , our pathologist may wish 
to comment on this. 

旦旦旦: The variation in varietal responses to late blight by materials 
screened at different locations may be attributed to fluctuations of 
inoculum density occurring naturally at the time of screening and the 
environmental conditions. Cooler temperatures and longer dew periods 
are favorable for the field epiphytotics. We have environment conducive 
to severe late blight during the winter months in the Hsin-Shih area , 
our chosen location for screening for late blight resistance. 

Mutukrishanan: The heat tolerant tomato accessions (AVRDC accession Nos. 
L22 , 15 and CL 123-2-5) have done consistently well at Coimbatore (South 
India) wheQ grown between Mar-Jun when the night temperatures ranged 
from 22-23 v C. Yields were 30 t/ha for L22 , 29 T/ha for L15 , and 31 t/ha 
for CL 123-2-5. These cultivars are highly susceptible to leaf curl 
virus at our University. How do these observations compare with other 
locations? 
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vi 11 a rea1: The yie1ds you obtained are comparab1e to those obtai"ned 
in other countr、 ies. On1y Thai1and reports high incidence of 1eaf cur1 
virus with AVRDC mater汁 a1s. At present , we are not breeding for 1eaf 
cur1 resistance. 

villarea1: Dr. Johannessen , what ro1e do you see for an Internationa1 
Tomato Advisory Committee? 

Johannessen: First , this overa11 committee wou1d be composed of both 
grower and processor representatives and a few se1ected scientists and 
specia1ists intimate1y invo1ved with tomatoes. There might be two such 
committees , one for fresh market tomatoes , and one for processing tomatoes. 
1 visua1ize 1ibera1 use of sub-committees to dea1 with specific areas 
and recommend to the overa11 committee either research or specific actions 
to solve a prob1em or to initiate an improved procedure or procedures. 
Important areas of consideration by such an Advisory Committee might 
well inc1ude: 

1. The encouragement of research to deve10p and adopt a quick , simp1e , 
objective method of accurate1y measuring mo1d in a 10ad of raw tomatoes 
for processing. 
2. Recommendations on a wor1d-wide , uniform method of grading and inspec­
ting tomatoes for processing. 
3. The impact of water mo1d , b1ack mo1d , and other fruit mo1ds on product 
recovery and qua1ity. 
4. Deve10pment of a universa1 tomato variety qua1ity education system 
that wou1d enab1e the tomato processing industry to p1ace an economic 
value on any variety to be used specifica11y for juice , sauce , paste , 
or who1e pee1ed tomatoes. 

Bell :圳 11 processing tomato production in the future increase in 
Europe and Asia at the expense of Ca1ifornia production? 

Johannesse~: Markets around the wor1d are expanding , partic1u1ar1y for 
processed tomato products and more specifically for tomato paste. The 
United States remains the largest market in the world for tomato paste. 
This , very conceivably , cou1d change in the years ahead. Personally , 1 
believe California will not only hold its own , but it may wel1 take a 
larger share of the market in the future. 

Mr. La i: What percent of California's tomatoes are hybrids? How do 
they compare with open-pollinated varieties grown? 

Johannesse~: Hybrids for processing have increased markedly in the past 
4-5 years and severa1 have been at or near the top in yie1d in country 
variety trials. The cost of seed is high. There are open-pol1inated 
processing varieties that perform about as well in yield. Probably 
close to 20% of the processing acreage in California is planted to 
hybrids. 
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TOMATO : NUTRITION AND FERTILIZER REQUIREMENTS IN THE TROPICS 

H. R. von Uexkull α 

INTRODUCTION 

W h i 1 e a 11 c r 0 p s va r y i n :y i e 1 d , f e y.J va r i a t i 0 n s a r e a s 1 a r 9 e a s t h 0 s e 
of the tomato. In most tropical countries average yields to date range 
between 2-10 t of fruitjha a(j ainst yields of 20 t in South Korea , 40 t in 
the USA , 50 t in Jaoan , and over 130 t in the Netherlands. Top farmers 
are harvesting over 160 t fruitjha (protected culture) , 80 times the 
average y ield of many tropical countries. 

It is natural that the overall importance of nutrition and the 
relative importance of individual nutrients undergo dramatic changes as 
yields change from a 2 tjha level to 25 t , 50 t , and 150 tjha. We can 
assume that the yield potential of the tomato in the tropics is only 
slightly below that of the temperate regions (longer day length and cooler 
nights) , and that , for a given yield nutrient , requirements will be 
similar . If this assumption is correct , we can draw heavily on the wide 
experi ence of tomato nutrition in temperate and subtropical regions. 

NUTRIENT UPTAKE AND REl可OVAL

In high y ielding tomatoes , 65-75% of the total dry matter is 
accumulated in the fruit and , as the stalks are usually removed on har­
vest , total nutrient removal comes close to nutrient uptake. 

Detailed studies on the course of nutrient upta ke over time and on 
nutrient removal are so far not available from' the tropics. However , 
intensive studies on nutrient uptake made in Japan (18) , North America 
(32) , and Europe (4) are all in reasonable agreement. 

The averaged nutrient uptake per ton of fruit is given in Table 
1. The mineral composition of a whole tomato plant at maturity and 
nutrient uptake per hectare is given in Table 2. 

Taking the uptake figures per ton of fruit from Table 1 as a 
basis , the total nutrient requirements at different yield levels are 
shown in Table 3. The table suggests that serious nutritional problems 

αDirector ， East and Southeast Asia Program of the Potash Institute , 126 
Watten Estate Road , Singapore 11. 
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Table 1. Nutrient uptake of tomatoes per ton of fruit. α 

N P K Mg Ca 

--------- -------------回---申 kg- 一---旬 ------------- -----------
Range 2.1-3.4 0.28-0.45 3.11-4.40 0.26-0.54 1. 80-2.99 

Average 2.90 0.40 4.00 0.45 2.35 

αRef. 18. 

can be expected only with yields of above 10 t fruit/ha. Additionally , in 
many cases factors other than nutrition are currently limiting tomato 
yields in the tropics. Nutritional problems , however , become very 
serious once yields exceed 15 t/ha. The higher the yield the more vital 
it is to secure adequate supplies of the nutrients needed , and to main­
tain the right balance between nutrients. 

ROLE J EFFECTS J AND SOURCES OF NUTRIENTS 

NITROGEN 

1. Effect on growth and yield. Nitrogen affects vegetative growth and 
f~r~LlTf yTe 1 d more than any other nutri ent. 主_e~mot位主he s旦旦f
flowers and fruit but tends to delay matu什 ty a悶了百creàse frui t三立在﹒
?古石1)'ta i na y i e 1 d of over 100 t frui t/怕， ~ the plants had to absorb 

about 100 mg N/plant per day , and the optimum nutrient concentration was 
around 140 ppm N (3) . Rajagopal and Rao (24) found that N-deficient 
plants had lower levels of endogenous anxin and a reduced gibberelin 
activity. Levels of growth inhibitors were higher in N-deficient plants. 
Nitrogen deficiency results in high rates of flower drop , especially at 
high temperatures (1). 

2. Effect on plant diseases. Excess nitrogen , absolute or relative to 
other elements , will decrease resistance to many diseases. Nitrogen 
applied to deficient plants will increase the root CEC (29) and the _ 
uptake of other elements. The severi 七y of root rot caused by Botryt玉s
σ玉ηerα is frequently decreased by the addition of N. Blossom-end rot 
appears to increase with increasing levels of nitrogen , especially when 
N is applied in the ammonia form (18). 

3. Effect on fruit quality. Adequate nitrogen will improve fruit quality. 
F" ruitsTze，~-keeping quality , color, and taste are all decreased byexcess 
nitrogen. Nitroqen tends to decrease the percent total solids in the 
juice and to increase titratable acidity (11). 

4. Nitrogen source_?~._ Ni trogen sources are of mi nor importance as long 
as~inpu-fleverS-anâ- yields are low. For high yield and good fruit 
quality , nitrogen sources are very important. 

In most cases nitrate is preferable to ammonia (15). Ammonium 
toxicity may be induced by both too little and too much calcium. Nitrate 
often improves water-use efficiency and tends to reduce the amount of 

66 



Table 2. The mineral composition of a tomato plant at maturity. α 

Tissue Green Dry Constituents 
weight weight N P K Ca 間g

-kgjplant- ------ -------- - ----- gjplant ------ --- --

Leaf 136.8 3.77 .75 5.85 8.56 .57 
Petiole 48.9 .68 .17 4.07 .34 
Fl ower & fruit petiole 9.6 . 22 .04 . 37 .14 .03 
Fruit 6.72 443.1 8.55 1. 82 16.70 .58 .62 
Stalk 41. 9 .87 .25 2.34 .90 .19 
Root 3.7 .06 .01 .08 .05 .01 

一一一一 一一 一一一 一一一一

Total (gjp lant) 684.0 14.09 3.04 29.41 12.12 1. 76 

Fru it (tjha) 183.4 

Nutrient uptake (kg j ha ) 385 83 803 33 1 48 
Nutrient removal j t of 2.1 0.45 4 .38 
fru it (kgjha) 

a Ref . 32 . 

free amino acids in the tomato plant. High temperatures tend to favor 
absorption of nitrates (and phosphates and potassium) while the relative 
abso叩tion of ammonium is increased at low temperatures (6). 

Pill and Lambeth (23) found that NH 斗 -N reduced shoot and root-con­
centration of Ca ，問g ， K, ‘ P, and N0 3 • It increased leaf and root resis­
tance to water flux and reduced water use efficiency as compared with 

Table 3. Estimated nutrient uptake requirements of tomatoes 
at different yield levels. 

Yield Nutrient elementα 
N P K Mg Ca 

-tjha- --------------- ----kgjha---一------- --------
4‘ 

5 14.5 2.0 20.00 2.25 11. 75 

10 29.0 4.0 40.00 4.50 23.50 

25 72.5 10.0 100.00 11.25 58.75 

290.0 40.0 400.00 45.00 235.00 

200 580.0 80.0 800.00 90.00 470.00 1 

αTo convert P to P20S multiply by 2.2~ 

K t 0 K2 0 11 11 1 . 20 

Mg to 阿gO 11 11 1. 67 

Ca to CaO 1. 40 

67 



N0 3 • Excess N over K, Ca , and Mg , in turn , is c1ose1y re1ated to a 
number of ripening disorders such as "vascu1ar browning" . 

Among various slow-re1ease mater汁 a1s tested in Taiwan , ureaform 
(mo1ar ratio 2:1) gave the best resu1ts. CDU proved an inferior source 
of N for tomatoes. Su1phur-coated urea was a satisfactory slow-re1ease 
~-source on slate-a11uvia1 soi1s , but gave poorer effects on 1atoso1s 
(28). In F1orida , 392-560 kg N/ha of su1phur-coated urea app1ied as 
basa1 (N-re1ease rate , 11. 4%) proved to be super吋 or to the same amount 
of N app1ied in the form of NH 4 N0 3 in sp1it app1ication (26). 

Ca1cium-ammonium nitrate , ammonium-nitrate su1phate , and potassium 
nitrate , and some of their slow-re1ease forms , appear to be preferab1e 
N sources for tomatoes. 

PHOSPHORUS 

1. Effect on growth and yie1d. High 1evels of availab1e P throughout 
the root-zone are essentia1 for rapid root deve10pment and for good 
utilization of water and other nutrients by the p1ant. Especia11y in 
the tropics where tomatoes are grown without mu1ch and p1ants are sub-
jected to a1ternate periods of 10w and high amounts of availab1e water , 
high P-1evels are essentia1. Absorption of water by the roots increases 
moisture tension immediate1y adjacent to the roots. This 1ayer of soi1 
contains thinner water fi1ms and requires a longer path 1ength for the 
same amount of P. Irrigation and/or a high 1eve1 of P in the soi1 serves 
to overcome this prob1em (19). 

Phosphorus has a pronounced effect on the number of flowers that 
deve1op. Withho1ding P for 10 days resulted in a sharp decrease of 
flowers that deve10p on the first truss. This was accompanied by a 
decrease in the cytokinin activity of the root exudate (16). 

2. Effect on fruit qua1ity. Phosphorus (in combination with N and K) 
improves pee1 co1oration , pu1p co1oration , taste , hardness , vitamin C­
content , and hastens maturity (28). 

3. Sources of phosphorus and method of app1ication. Since tomato has a 
short growing period and is sensitive to 10w pH , P-sources shou1d be 
water solub1e. Nitro-phosphate and trip1e superphosphate are probab1y 
the best P-sources and , in most cases , an even distribution of P 
throughout the root zone would be desirab1e. Figure 1 shows that on 
high pH soi1s (above 7.8) , especia11y when soi1 temperatures are 10w , 
banded P p1acement can be important (13). On high pH soi1 1arge quan­
tities of broadcast P may induce boron and zinc deficiency. 

POTASSIUM 

1. Growth and yie1d. Tomato p1ants deficient in potassium are dark 
green with shortened internodes. In cases of severe deficiency the 
older 1eaves wi11 show margina1 necrosis. A mi1d deficiency wil1 
affect fruit size and fruit qua1ity rather than fruit number. 

2. Potassium and diseases. Kira1y (14) observed that an increasing K­
content in the nutrient solution was associated with a decrease in the 
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Fig. 1. Yie1d of tomato grown on two different high pH soi1s 
as affected by the method of phosphate app1ication (13). 

diameter or 1esions caused by Alterηαriα . Potassium seems to have a 
favorab1e effect on reducing tomato 1eaf mo1d ( Clαdosporium f u lvum ) , 
stem rot ( Diplodiα lycopersici) ， vertici11ium 川 1 t ( Vert切口況的 αlbo肝 、
的um ) ， and root rot caused by Botrytis cinerα (9 ， 7 ， 25 ， 31 , respective1y) 
In the case of virus diseases , however , the sever、 ity of the disease is 
often accentuated by potassium (34). 

3. Potassium and fruit qua1ity. 

a) Yie1d and fruit size. The effect of potassium on yie1d is 
usua11y not as pronounced as that of nitrogen. Where potassium has an 
inf1uence , it tends to increase fruit size. 

b) Fruit co1or. A number of ripening disorders are associated with 
inadequate potassium nutrit i on in tomatoes. They have been described 
as "b1ochy ripening" , "vascu1ar browning" , "coud" , "white wall" , Il gray -
wa 11 11 , 11 greenback 叫， etc. (12). Ozbun et a1. (21) showed that b10chy 
ripening was caused by 10w K in the nutrient solution (Fig 2). Petio1e 
K was high1y corre1ated with the extent of white tissue in the fruit. 
Ga11agher (10) observed that the incidence of remnants (non - uniform1y 
co1ored and irregu1ar1y shaped fruits) genera11y decreased as the leve1 
of K increased. Trude1 and Ozbun (30) conc1uded that K p1ays an im- t 

portant ro1e in the process of tomato fruit pigmentation. K increased 
carotenoides , particu1ar1y 1ycopene , and decreased ch1orophy11. 

c) Intrinisic and keeping quality. Potassium nutrition exerts a 
strong inf1uence on acid metabo1lsm-,n tomato fruit. The acids invo1ved 
are primari1y citric acid and malic acid. Compared to potassium deficient 
p1ants , fruit coming from plants well suppled with K are generally higher 
in total solids , sugars , acids , carotene , lycopene , and have better 
keeping qualities. Fruit from low K-plants tend to drop prematurely and 
the taste is flat. The effect of K on quality goes far beyond the level 
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Fig. 2. Amount of white tissue in outer wa11 of tomatoes 
around stem scar. Data obtained from 20 vine ripe 
fruit/p1ot . Average of 5 rep1ications; spring , 1967. 
(Ways1ip and I1ey , 1967). 

needed for higher yie1d. In many cases highest yie1ds are obtained at 
150-300 kg K2 0/ha , but highest qua1ity was obtained at 600-800 kg K2 0/ 
ha. 

4. Sources of potassium. At 10w 1eve1s of K-use there is 1itt1e difference 
to be expected from the various K-sources. At higher input 1eve1s it 
is desirable to have at 1east ha1f the K in su1phate form. In cases 
where sa1t concentration may become a prob1em (protected cu1ture) , potas­
sium nitrate is the prefered source. 

CALCIUM and 阿AGNESIUM

The tomato p1ant is sensitive to 10w pH , especia11y when NH 斗 N i s 
used as the nitrogen source. A number of physio1ogica1 and ripening 
disorders are re1ated to inadequate ca1cium. B1ossom-end rot has 
frequent1y been re1ated to 10w Ca and high Mg 1eve1s in the soi1 (22) 
or to a high K:Ca ratio (5) or a decrease in Ca caused by ammonium 
nutrition. Excess ca1cium over K + Mg seems to be associated with some 
ri pen i ng d i sorders s uch as 11 greenback 11 , ye 11 ow-green a reas nea r the 
ca1yx to the apex. 

Other physio1ogica1 disorders re1ated to ca1cium deficiency are 
certain types of fruit cracking (2). Foster et a1 (8) found that the 
(Ca + Mg) : (K + Na)ratio was negative1y corre1ated with the rating of 
bacteria1 cancer. Increases in the Na:Ca ratio increased the incidence 
o:f Fus仿古的 oxysporium . Resistance to fusarium wi1t appears part1y 
re1ated to Ca- and Na-pectates in the ce11 wa11. Magnesium deficíency 
can be induced by high rate of K and/or NH 4 -N app1ication. Sprays 
with 1.5% MgS0 4 solution are a fast cure compared with soi1 app1ication 
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of Mg , which may take a 10ng time to become effective (35). Mori (18) 
showed that vascu1ar browning was very severe in a11 treatments 10w in 
magnes i um , es pec i a 11y i n those combi nat i ons where ammon i a was used as a 
nitrogen source. 

TRACE ELEMENTS 

Among trace e1ements , boron , zinc , and manganese deserve specia1 
attention. A positive significant corre1ation has been observed between 
boron and f10wer number , number of aborted f10wers , and fruit weight. 
Boron defi ci ency causes reduced root growth , swo 11 en hypocoty1 s and 
coty1edons , britt1e 1eaves , and necrosis of the shoot apex. Other 
symptoms are incomp1ete and irregu1ar 1eaf expansion , shortened inter­
nodes , mu1tip1e axi11iary branching , dieback of the growing point , and 
abnorma1ities in the ce11u1ar structure. 

Like boron , zinc deficiency is frequent1y found on high pH soi1s. 
Zinc deficiency is aggrevated by phosphorus app1ication. Potassium , on 
the other hand , appears to promote zinc uptake. Zinc deficiency is 
characterized by stunted internodes and smal1 , wrink1ed 1eaves showing 
patches of white tissue. 

The tomato p1ant can to1erate a wide range of manganese 1eve1s. 
Severe deficiency was associated with 阿n 1eve1s of about 20 ppm in a11 
tissues except the fruit. Toxicity occured in young 1eaves at 1eve1s of 
450-500 ppm , and in old 1eaves at 1eve1s of 900-1 ,000 ppm (32). 

CONTRAINTS TO FERTILIZER EFFECTIVENESS IN THE TROPICS 

LACK OF HIGH YIELDING , OISEASE RESISTANT VARIETIES 

Unti1 the deve10pment of the IRRI rice varieties , it was genera11y 
assumed that the tropia1 indica type of rice was 1ess ferti1izer respon­
sive than the sub-tropica1 japonicas. Whi1e in rice the plant type had 
to be changed (to make it more ferti1izer responsive) , in the case of 
tomato , heat-to1erance and resistance to disease (like bacteria1 wi1t 
and mosaic virus) may be critica1 factors. High yie1ding varieties adapted 
to tropica1 conditions have been deve10ped by some mu1tinationa1 fruit 
canning corporations , but such seed is not avai1ab1e to the average pri­
vate grower. The intensive breeding efforts at AVROC wi11 hopefu11y 
change this situation soon. 

POOR CULTIVATION TECHNIQUES 

1. Genera1. In the hea1thy tomato plant , source and sink appear to be we11 
ba1anced. The hea1thy tomato plant is therefore capab1e of producing 
extreme1y high yie1ds over a short period of time . Tomato p1ants producing 
150 t fruitjha must be ab1e , during the time of peak requirement , to take 
up about 22 kg of plant nutrients per hectare and day. This is about 
eight times the peak need of a rice crop yie1ding 8 t grainjha. Such 
high rates of nutrient uptake are possib1e on1y where soi1 management 
practices are exce1lent , to permit optimum deve10pment of a hea1thy root 
system. 
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2. Root deve10pment and nutrient uptake. Factors that stimu1ate pro1ifi­
cation of the roots are: 

a) A high organic matter content in the soi1. Organic matter has a 
very comp1ex effect , such as improving the storage capacity of avai1ab1e 
water , improving the air:water ratio in the soi1 , increasing the exchange 
capacity of the soi1 , buffering the re1ease of nutrients into the soi1 
solution , de-toxifying some heavy meta1s , re1easing chemica1 compounds 
that stimu1ate root growth , stimu1ating the growth of soi1 micro- and 
macro-organisms favorab1eto p1ant growth , etc. 

b) Soi1 moisture. Under the c1imatic conditions in the tropics 
heavy rain is frequent1y fo11owed by severa1 days of drought. Under con­
ditions of poor soi1 management this means that at times most of the 
pore s pace wi11 be fi11ed with water (oxygen stress) whi1e at other times 
it wi11 be fi11ed with air (water stress) . Such conditions of a1ternate 
drying and wetting severe1y restrict root deve1opmen t. 

o 
c. Soi1 temperature~ ， Soi1 n!Ö~perat~r~s .abo~e~ 3~vC reduce root ex-

pansion and temperatures above 44 v C are detrimenta1 to root growth and 
nutrient uptake. A dry soi1 exposed to~the tropica1 sun may easi1y 
reach (su rface) tempe r~ tures of' over 440C, -thu~ 'e 1 imi ~~t: i ~gJ th~- ~~~ts 
from the top 5-10 cm of soi1 , where otherwise (air:water ratio , organic 
matter con t ent , etc. ) conditions for intense root activity are optima1. 
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In a coo1 c1imate , mu1ching is practiced , among others , to increase 
and buffer soi1 temperature . B1ack viny1 mu1ch is best suited for such 
a purpose . In the tropics one of the effects of good mu1ch i s to de-
主主豆豆豆豆 surface soi1 temperature . Rice straw , rice husk , dry grass , etc. , 
are therefore far better mu1ching agents in the tropics than p1astic 
s heets. In the tropics good mu1ch has the fo11owing overa11 effects: 

a ) It reduces soi1 surface temperatures and it 1eve1s diurna1 tem­
perature f1uctuations. 

b) It he1ps to maintain a good distribution of moisture throughout 
the profi 1 e . 

c) It promotes nitrification and he1ps to maintain a more uniform 
nutrient content in the soi1 solution throughout the profi1e. 

d) It promotes a deeper and more even distribution of fine roots 
throughout the profi1e (a1though more roots wi11 be feeding direct1y 
under the 1ayer of mu1ch.) 

e) It decreases nutrient 10sses through 1eaching and fi xation. 

f) It permits a better uti1ization of soi1 and ferti1izer nutrients. 
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FERTILIZER REQUIREMENTS OF TOMATOES I N THE TROPICS 

Fertilizer requirements of the tomato will be deter、mined by the 
agronomic response of the crop and the price relations between fertilizer 
prices and tomato fruit prices . Unfortunately , both factors are less 
predictable in tropical developing countries than in advanced countries 
of East Asia , Europe , or North America. Quality also , in most cases , is 
not paid for , and that is probably the reason for the very poor tomato 
quality found in most vegetable markets of Southeast Asia. 

Agronomically , the tomato plant can respond to very heavy rates of 
fertilizer inputs. The average fertilizer application of 36 outstanding 
tomato growers in Japan recently surveyed by Mori (18) is shown in Table 
4. 

Table 4 . Chemical fertili zer application rates of 36 outstanding 
tomato growers in Japan (13). 

Plant nutrient Yield N P205 K20 

申---- - --kgjha - ----- -tjha-

Average of 36 growers 340 410 320 105 

Range 70-800 90-930 90-570 

Nutrient uptake 320 105 557 105 

Nutrient uptakejt 3.04 1. 00 5.30 l 
一 L 一一一

Past application rates and levels of compost and organic matter 
application probably account for the wide range in the rates of 
fertilizer application. Average fertilizer application rates in Kanto 
P1ain (one of the major tomato growing areas in Japan) are: 370 kg N, 
290 kg P2 05, and 350 kg K20jha . The Horticu1ture Experiment Station 
in Suweon , South Korea , recommends the ferti1izer rates in Tab1e 5. 
Simi1ar and hig her rates are being used in The Nether1ands and in Ita1y. 

Compared to other crops , tomatoes require very high nutrient 
concentrations in the soi1 solution. The desirable soi1 and p1ant 

Tab1e 5. Ferti1izer recommendations for tomatoes 
i n Korea. α 

Type of cu1ture N P20S K20 

Open fie1d 
-- 3E日~~---1---- - :~~ha--汁r - - -;;~

Protected 340-390 I 250-290 I 320 
一 一

αRef . - Hort. Expt . Sta. Suweon , S. Korea. 
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nutrient 1eve1s are shown in Tab1e 6. 

In the tropics very high rates of ferti1izer input are rare1y 
warranted on account of the much 10wer yie1d 1eve1s obtained , the 1ess 
favorab1e and high1y f1uctuating price re1ations , and because qua1ity 
is se1dom paid for. 

Fertilizer rates used for tomatoes i n the tropics usua11y range 
f21平白竺可;1去迎支玄臂之三位30-旦封上及單了一一一一一

Ferti1izer response and fertilizer efficiency is often unsatis­
factory in the tropics because of inadequate soi1 preparation , poor 
water management , and varieties that for various reasons cannot make 
fu1l use of app1ied ferti1izer (Tab1e 7). A1though in re1ative terms 
the ferti1izer response is striking , because of the very 10w yie1d 
ferti1izer efficiency is poor. 

Tab1e 7. Tomato experiment in North Sumatra. α 

Ferti1izer treatment Yield 
N P20 S K20 Lime 

------- 時 ----kg/ha1------- ----- -----t/ha-----

。 。 G 1. 31 100 

。 22.5 25.0 1. 97 150 

67.5 22.5 。 3.31 253 I 

67.5 22.5 25.0 4.49 

67.5 22.5 50 6.30 481 

135 45 25 6.96 531 

67.5 45 25 20.000 7.85 599 

αRef. - Rep. Di nas Pertani an Rakyat Daerah TKT 1 , 
Sumatera Utara , Medan , 1971; Loca1 variety grown on 
andoso1. 

The extreme1y 10w yie1d in the control p10t (Table 7) indicates 
poor soi1 and water management. Yields of at 1east 3 t fruit/ha 
三AOAJi主uhFPJII也 1 e W '也h旦旦t f三rtlïì至3:主主豆于日EEW玩豆豆三IL
grown. In many countries the nationa1 average yie1~ is 5~1~w 1hit 
févéT 三 o it is difficult to speak about "fertilizer requirements in the 
tropi cs 11 i n genera 1 terms. 

In Nigeria , where the tomato is an important ingredient of all 
diets in the Savannah area , nitrogen is the most deficient element 
and opt扒imum rates ar內哇_f?立么9 坦N‘!h~ and 20-60 kq/ha each of P凡2 0 S and K 2佔2 0.
In forest so叫i 1 s (仆in川it廿ia叫1) n川it廿ro呵ge凹n
K) requ i r、宅ement is high. Leaf analysis (5th leaf taken at early flowering) 
gave a good assessment of nutrient requirements. Critical levels were 
0.4% N0 3 - N, 0.4% P, and 4% K. Severe deficiency was associated with 
levels of 0.1%, 0.15%, and 2% for N0 3 -N , P, and K, respectively (27). 
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DISCUSSION 

In high income countries with a strong and stab1e demand for high 
qua1ity tomatoes , ferti1izer p1ays a key ro1e in producing both 
quantity and qua1ity. Few crops surpass the high yie1ding tomato in 
nutrient requirement per unit area. The nutrient requirement can be so 
high that it is difficu1t to supp1y a11 the nutrients needed without 
running into prob1ems of excessive sa1t concentrations. 

In the tropics , such prob1ems rare1y exist. Tomato yie1ds rare1y 
exceed 25 t/ha , and market economics do not favor a very intensive type 
of cu1tivation. Qua1ity is usua11y not adequate1y paid for , and 
ferti1izer rates are usua11y far be10w the 1eve1 permitted by the genetic 
response capabi1ity of the p1ant. 

Bacteri a 1δnd virus disease and inadequate heat to1erance have been 
serious prob1ems for tropica1 tomato growers in the past. Much hope is 
therefore p1aced on the breeding work done by AVRDC. 

In rice-growing tropica1 Asia , few farmers deve10p good ski11s in 
the proper management of up1and soi1s. The importance of organic matter 
(mu1ch) with respect to both water and nutrient avai1abi1ity and effi­
ciency has not received sufficient attention. 

Overa11 we can be very optimistic. As far as yie1ds are concerned , 
we are sti11 c10se to the bottom with p1enty of possibi1ities to in­
crease both the quantity and qua1ity of tomatoes in the tropics. 
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TEMPERATURE REGULATION OF GROWTH AND DEVELOPMENT 
OF TOMATO DURING ONTOGENY 

L.H. Aungα 

INTRODUCTION 

Temperature represents a working thermal condition essential for the 
metabolic and cellular functions of the tomato plant. Characterization 
of the tomatols environment is incomplete without a notation of prevail­
ing temperature conditions . The rates of many physiological processes 
of the tomato plant are determined by temperature and may be manifested 
in subsequent morphological changes. The vegetative and reproductive 
responses are strongly modified by temperature alone , or in conjunction 
with other environmental factors of l i ght , gas composition , mineral 
nutrients , and moisture. In this review , temperature is singled out for 
consideration , since its influence on tomato growth and development is 
generally the most prominent and dominant (Fig. 1). Other related 
factors are dealt with to the extent that they provide a clear focus on 
the temperature responses , or where they cannot readily be separated one 
from another . 

Fig. 1. Temperature modification of the growth and development of tomato 
cultivars grown under phytotronic conditions (see ref. 9 for details): 
clockwise from top left: Epoch , Tropi c , Fireball ，州 chigan-Ohio Hybrid. 

αAssociate Professor , Department of Horticulture , Virginia Polytechnic 
Institute and State University. Blacksburg , Virginia 24061 , USA. 
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SEED GERMINATION 

Tomato seed germination , as indexed by the visible outgrowth of the 
radicle , occurs when provided adequate moisture , aeration , and suitable 
temperature. The temperatures which favor a high percentage of germina­
tion within a prescribed time differ between cultivars , and for seeds 
withi~ a cultivar. Germination temperatures of 240 C (12) and 18.50 -21 0 C 
(66) have been recommended. The difference in the selection of these 
temperatures may reflect adaptation to local climatic conditions and 
different production systems , involving different growing media , nutrient 
status , and cultivars. Many tomato cultivars germinate rapidly and 
maximally , however , in an optimal temperature range of 26-32 0 C (48). 
Temperatures below and above these optimals retard , and near the lower or 
upper extremes are injurious to , the germination process and subsequent 
plant development (26 , 31). 

SEEDLING DEVELOPMENT 

Tomato's cotyledonary leaves both store and assimilate food. They 
develop chloroplasts and increase in size with emergence. Increased 
cotyledon area is largest when grown at 15.50 C rather than at 18.50 C or 
21 0 C (15). The temperature for optimum dry matter increase of the coty-

。ledons is 18-200
C, which is lower than the optimum of 25 0 C for shoot 

growth. The cotyledons of 4-day-old seedlings , hGw~ver ， expanded more in 
area and showed a greater dry matter increase at 25 v

C than at 15v
C 

night temperature (25). Tomato seedlings at the 2-1eaf stage , when 
exposed to a brief daily treatment at 30 C or 300 C night temperatures for 
4-5 weeks , suffer significant growth reduction (11). 

The tomato seedling is most temperature-sensitive soon after coty­
ledon expansion (Fig. 2). The rate of leaf primordia initiation is 
hastened and dry matter growth is greater at 25 0 C constant day and night 
temperature than at constant 150 C. At 150 C, fewer leaves form than at 
25 0 C. The size of the main shoot apex at 15 0 C, however , is twice as 
large as that at 25 0 C, and the plants initiate flowers sooner (24). 
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In older 20-40 cm tall tomato plants , the rate of stem elongation is 
greater when grown at a fluctuating 26.5 0 C day and 19-200 C night temper­
ature than at constant 26.5 0 C day and night temper‘ature , or 19-200 C day 
and 26.5 0 C night temperature (58 ,59). This phenomenon of optimal stem 
growth from lower night than day temperatures was termed "thermoperiodi­
city" (59 , 60 , 61). Although some tomato cultivars shovJ a higher growth 
rate at alternating high day and lower night temperatures than under a 
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Fig. 2. . Tomato seedling at the thermo-sensitive stage of development: 
Top 2 lj4-1eaf stage after cotyledon expansion; bottom , a simi1ar 
seed1ing of the same age dissected (left) showing a globu1ar meriste­
matic dome with 2 1eaf primordia , and 2 1j2-1eaf stage undissected 
(right) seed1ing. 

Tab1e 1. Developmenta1 responses of tomato 
seed1ings grown under constant temperature 
regimes a 

Observations 

Dry weight (mg)jp1ant 
Leaves 
Stem 
Root 
Tota1 

Leaf number 
P1ant height (cm) 
F10wer number 

Day-Niqht temperature 
260C 200C 140C 

314 
184 

95 
593 
15.2 
83 

4.4 

369 
94 
88 

551 
11 .3 
60 
6.4 

175 
25 
50 

250 
10.6 
45 
9.6 

a Reference 29; Va1ues are means of 3 cu1tivars. 
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constant day and night temperature , there are cu1tivars which show no 
significant response to ther、moper汁。ds or show a higher growth rate at a 
constant day and night temperature than at a1ternating high day and 10wer 
night temperatures (Tab1e 2). A1so , young tomato p1ants grow better at 
a constant day and night temperature than at f1uctuating high day and 
10wer night temperatures (25 , 58) . 

Tab1e 2. Effect of thermoperiods on stem e10ngation rate (mm/day) of 
tomato cu1tivars grown under contro11ed environmenta 

Cu1tivar Day/Night temperature 
26 . 50C/300C 26.5oC/26oC 26.5oC/16oC Response 

Essex Wonder 23.4 27.3 32.2 Yes 
Comet Forcing 21. 6 28.6 Yes 
Va1iant 17.7 22.4 26 .8 Yes 
問ichigan State 23.2 23.6 No 
Santa C1ara Canner 14 . 0 19 . 6 23.6 Yes 
Norton Stone 19 . 6 22.9 Yes 
Marg10be 15.8 19.4 22.4 Yes 
Rutgers 12.3 18.3 18.3 No 
Indiana Ba1timore 15.0 18 . 7 20 . 0 No 
Burpee Jubi1ee 12.0 15 . 2 21. 1 Yes 

Temperature Means 15 . 7::1: 3. 9 20.1 ::1: 3.8 23.5 ::1: 4.7 

Ear1iana 24 . 0 31. 9 25.6 No 
Marg10be 7 .8 13 . 9 23.1 Yes 
Pearson 18. 1 26.2 23.2 No 
Stone 17 . 1 30 . 3 21. 8 No 
Beefsteak 23.7 29 . 5 27 . 6 No 

Temperature 門eans 18. 1 士 6 . 6 26 . 4士 7 . 3 24.3 ::1: 2.3 

a Reference 59 ; A ~丘~ indicates cultivar shows thermoperiodicity. 

In 3-week-01d "Potentate" seed1ings grown at a 15.50C night temper­
ature , Ca1vert observed stem length increa se as the day temperature rose 
from 15.50C to 200C. No increase was seen when the day temperature 
remained at 15.50C and the night temperature was raised to 200C. Thu? , 
stem 1ength was affected on1y - by the level of the day temperature (16). 
Saito and Ito (43) , on t he othe r hand , found t hat seedlings grown for 
50 days after cotyledon expansion showed the greatest stem length and 
diameter at 300C day and 170C night temperatures than at a tempe r ature 
combination of 300C day / 240C night or 240C day/17 0C night. The results 
of these workers are at variance; however , the light condition s , cultural 
practices , cultivar , and temperature l evels selected by Saito and Ito 
were much different from those of Calvert , which might account for the 
different results. 
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When considering the effects of day and night temperatures on tomato 
stem e1ongation , it is desirab1e to sharp1y de1ineate the temperature 
inf1uence from associated factors (29). 

AXILLARY SHOOT DEVELOPMENT 

The number , size , vigor , and growth pattern of the axi11ary shoots 
( 11 S i d e s h 00 t S ", 11 1 a t e r a 1 s ") 0 f t om a t 0 c u 1 t i va r s d i f f e r (5). T h e d e v e 1 0 p -
ment of these axi11ary shoots are altered by minera1 nutrients , hormona1 
chemica1s , photoperiod , moistu內， and temperature (2 , 51 , 53; Tab1e 3) 
Depending upon cu1tivars and cu1tura1 practices , the proportion of 

Tab1e 3. Effect of temperature on axi11ary shoot deve10pment of 
tomato cu1tivars grown under phytotronic conditionsa 

Temperature treatment b 

Observations Low Medium Low + High HSD 
& & (5%) 

!可edium Medium 

cv. Fi reba 11 
Axi11ary shoot number 6.8 6.0 6.2 2.0 
Axillary shoot fresh wt. (g) 51. 8 43.8 56.7 20.5 
Main shoot fresh wt. (g) 22.8 21. 6 21. 6 6.9 
Axi11ary % of tota1 69 67 72 

cv. F1 orade 1 
Axi11ary shoot number 3 . 7 6.7 5.2 1. 0 
Axillary shoot fresh wt. (g) 50.0 60.1 34.9 16.7 
Ma i n s h 0 0 t f re s h wt. ( 9 ) 48.0 50.4 55.0 10.0 
Axillary % of tota1 51 54 40 

cv. Tropic 
Axi11ary shoot number 2.6 3.0 3.0 1. 6 
Axillary shoot fresh wt. (g) 40.8 40.6 33.2 13.0 
問ain shoot fresh wt. (g) 46.3 54.4 50.8 7.7 
Axi11ary % of total 47 43 40 

cv . Michigan-Ohio Hybrid 
Axillary shoot number 4.4 5.2 5.4 1. 3 
Axillary shoot fresh wt. (g) 40.8 35.9 23.3 15.0 
Main shoot fresh wt. (g) 48.2 47.6 49.2 6.3 
Axil1ary % of tota1 46 43 32 

a Aung's unpublished data. 

b Values are means of 9 p1ants; The plants were grown in Redi . earth 
medium , fed with Hoagland's nutrient solution and exposed to 1200 
ppm of CO 2 under 9- hr photoperiod with an il1uminance of 40 Klux 
\P~R~O! ?30 wE ~- 2 se~-l) :rom ， c~~ò~w~it~ ， !Ò~ωor內escent and i 附an
~~ß~e~~ 1/~~B佇~; ~o~ ，= ~.w~eks~a~ 14vC ， d~~6~0~C ~~~B!' r他dium = 
26 V C day/22 vC night , High = 4 days at 34 vC day/30 vC night. HSD 
refers to Tukey's test at 5% 1eve1 of probabi1ity. 
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assimilating leaf areas of the axillary shoots in relation to the whole 
plant can constitute a third or half of the entire plant weight or leaf 
area. Thus , their contribution to yield may be considerable. 

Two additional aspects of the correlative influences of the axillary 
shoots on the growth of the main stem should be mentioned: (a) the removal 
of the young axillary buds prior to unfolding enhances flower production 
and fruit ripening of field-grown tomato (4) , and (b) the development of 
the root system is diminished by pruning the axillary shoots (47). 

ROOT FORMATION AND DEVELOPMENT 

The root system constitutes an integral part of the plant and is 
important in contributing to the structural and functional integrity of 
the shoot (6 , 18 , 56 , 57). Information on the formation , regeneration , 
and development of roots of tomato cultivars , however , is incomplete. 

Field-grown summer tomato has roots which penetrate 1 m deep with a 
lateral spread of 1-1.3 m (47). In the greenhouse , tomato roots grow at 
a fairly constant 33 mm/day , penetrate 1m deep , and attain lengths of 
1.5 m (55). Thus , despite differences in the growing environmental and 
cultural conditions , the root systems of field and greenhouse grown adult 
tomato plants are quite similar . 

Reid (42) observed that the ability of tomato stem cuttings to re ­
generate roots and shoots depends upon and varies with the carbohydrates 
and nitrogenous substances in the cuttings. In aseptic culture on agar , 
excised tomato roots were capable of continued growth when supplied with 
a mixture of inorganic salts , carbohydrates , and yeast extract. The 
growth of the isolated roots was greatly reduced at 50 , 80 , 100 , and 400C; 
grew slowly a~ 150 and 350C; and showed optimal growth at temperatures 
between 20-33 v C (62). 

Both exogenous and endogenous hormones are associated with tomato 
rooting (7). An anatomical examination of adventitious root development 
of 11 F i reba 11" exp 1 ants grown a t 260C day and 200C n i ght tempera tu res 
revealed that (a) root primordia originated from the pericyclic and 
endodermal regions , and histogenesis of the roots was completed 2 days 
after inítiation; (b) emergence of the roots through the cortex occurred 
5 days after initiation; and , (c) the quiescent center , which was absent 
in preemergent roots , appeared in emergent roots exceeding 0.5 cm in 
length (13). In intact IIFireba11" seedlings grown under similar temper­
ature conditions , the pattern of root initiation in the hypocotyl and 
primary root occurred acropetally (i .e. from base to apex). Rooting 
ability differs significantly among cultivars , and such a trait allows 
plant breeders to select for a more efficient and prolific root system 
(8) . 

Exposure of tomato roots or shoots to differential temperature 
treatments affects the growth responses and chemical composition of the 
organs. IITecumseh l1 seedlings at the 2-1eaf stage grown in a nutrient 
bath at 15.50C root temperature for 16 days had 2.7 times more dry matter 
and 1.3 times more phosphorus in the shoot than plants grown at 13.20C. 
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The root dry matter and phosphorus content of 15.50C grown plants , on 
the other hand , were 3.5 times and 4.6 times greater , respective ly , than 
plants grown at 13.20C (63). Simi1ar1y , shoot weight and he i ght of 
"Stokesda1e" grown at 21 0C root temperature for 17 days approximately 
doubled compared to plan t s grown at 130C. Petiole phosphorus and 
potassïum content were increased 34% and 17% respectively , at 21 0C (50). 

The development of root systems among tomato cultivars differ , and 
the size they attain is significant1y modified by night temp~ratures. 
A day temperature of 26.50C and a night temperature of 16-22 v C resulted 
in the heaviest root system (Table 4). 

Tab1e 4. Effect of day and night temperature on root growth of tomato 
cultivars grown under contro11ed environmenta 

Root fresh wt. (g)/p1ant cv Cu1tivar Da芷 26.50 C Means Night 300C 260C 220C f60C T30C 

Ear1iana 30 57 53 53 29 44士 14

Marg10be 29 32 72 63 40 47 :1: 19 
Pearson 23 49 65 72 52 52士 19

Stone 40 72 84 89 87 74 :1: 20 
Beefsteak 55 62 69 74 62 64士 7

Temperature Means 35 :1: 13 54 :1: 15 69士 11 70 :1: 13 54士 22

a Reference 59 

FLOWERING 

Fìower differentiation and development of tomato can begin soon 
after coty1edon expansion. The deve10pmenta1 stage is critical in the 
seed1ings ' s response to 10w temperature induction of f10wer production 
and ear1y f10wering. Genera11y , seed vernalization at 50C or less has 
litt1e or no effect on tomato flowering. In contrast , t omato seedlings 
are thermo-sensitive and can be vernalized to flower earlier and prgduce 
a greater number of flowers on inflorescences. A temperature of 14u C, 
in contrast to 250C or 300C, given to tomato seedlings after cotyledon 
expansion increases flower number on the first inflorescence of tomato 
cultivars (32). The low temperature effects are reflected in qreater、
flower numbers , fewer leaves preceding the first inflorescence , and earlier 
date of anthesis. The commercial significance of the low temperature 
treatment during the thermo-sensitive stage is (a) earlier flowering and 
fruiting for market and (b) greater total fruit yield (64; Table 5). 

Th ere is a temperature-sensitive period for each inflorescence during 
which low temperature promotes greater flower production. The sensit i ve 
period for the low temperature effect on the first inflorescence of 
"Kondine Red" is between the 8th and 12th day after cotyledon expansion 
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Tab1e 5. Low night temperature treatment 
during the thermo-sensitive stage on ear1y 
and tota1 fruit yie1d of 'Fireba11' tomatoa 
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Tota1 marketab1e yie1d 
Fruit number 
Fruit weight (kg) 
Fruit size (g) 

161 
16.75 

104 

140 
13.26 
95 

a Reference 49. 

(32). In I'Spartan Hybrid" , the thermo-sensitive period for the first 
inf10rescence is the 2nd week after coty1edon expansion , and for the 2nd 
inf10rescence the 5th week (65) . Ten days old "Potentate" seed1ings 
exposed to 15.5oC during the day and 100C at night show increased 
f10wer numbers on the 1st , 2nd , and 3rd inf10rescences after the 3rd , 
4th , and 5th week of treatment , respective1y. Thus , the interva1s 
between the thermo-sensitive phases for the first 3 inf10rescences are 
1 week apart. "Ailsa Craig" shows significant f10wer number increases 
only in the 1st and 2nd inf1orescences , and the interva1 between their 
sensitive phases is 2 weeks (14). 

Differentia1 temperature exposure of tomato seed1ings during the 
thermo-sensitive stage indicates that a shoot temperature of 10-13 v C 
determines the morpho1ogi~a1 position of the first inf1orescence . A 

o root temperature of 10-13v C, on the other hand , contro1s the number of 
f10wers on the inflorescence (39). 

F10wer production of "Grosse Lisse" was reduced by phosphorus 
def i ciency imposed prior to f10wer initiation. _Time gf anthesis was 
de1ayed by 7 days. Kinetin app1ications at 10- 5 , 10-6 , and 10-8M in the 
growing nutrient medium reduced shoot growth , but f10wer numbers were 
significant1y increased (36). Kemp et a1. (27) and Wittwer and Dedolph 
(67) had simi1ar1y shown that kinetin reduced tomato growth and de1ayed 
time of f1owering. 

F10wering of tomato is red~ced by re1ative1y high temperatures . A 
high temperature of 260C day/22oC night under phytotron conditions signi­
ficant1y reduced f10wer numbers in the first inf10rescence of "Epoch" 
and "~.1ichigan-Ohio Hybrid" , and in the 1st and 2nd inf10rescence of 
"Fireba11" , compared to 220C day/18oC night or 180C day/14oC night. The 
number of days from seeding to anthesis of the 1st f10wer on the 1st 
inf10rescence of 5 commercia1 cultivars was also significant1y decreased 
with increasing growth temperature (9). 
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FRUITING 

After the inception of the flower , the ovarian tissues , constituting 
the fruit organ of the tomato , already possess the majority number of 
cells which will be reflected in the mature fruit (3 , 21). Thus , the 
growth and nurture of the fruit following pollination and fertilization 
consist predominantly of cell enlargement accompanied by a massive influx 
of water , organic and inorganic nutrients , and synthesis of others (20). 

Microsporogenesis of the tomato begins with the division of the 
archesporial cells which give rise to the pollen mother cells. Each 
pollen mother cell divides to give a tetrad , the latter eventually 
resulting in four mature microspores with thickened cell walls , the 
pollen grains. The cell walls of the microspores are rich in callose , 
and starch is present in substantial amount in the binucleate stage of 
pollen development and the cells of the microsporangia (10). These 
findings support observations that carbohydrates are essential for 
normal anther development , and their deficiency leads to microspore 
degeneration and pollen sterility (22 , 23). The adverse effects of high 
temperatures on microspores and fruit-set may be partly attributable , 
therefore , to a diminished supply of carbohydrates essential for normal 
pollen development and pollen tube growth. High temperatures also 
induce stylar exsertion beyond the staminal-cone , which hinders pollina­
tion (1 ,52) and retards the development of the pistils. Thus , Smith 
(46) found that high temperatures existing approximately 3 days prior to 
anthesis have a detrimental effect on the rate of pistil development. 
The affected pistils fail to develop beyond the egg stage and are 
characterized by smaller egg cell , nucleus , and poorly staining cells. 
Marre and Murneek (34) also demonstrated the importa川e of carbohydrate 
on the growth of tomato ovaries. They note that 48-72 hours after 
pollination or auxin treatment , the developing ovaries actively synthesize 
or acquire carbohydrates. Leopold and Scott (30) showed that the growth 
of iη vitro tomato ovaries have an Qptimal temperature of 20-22 v C, and 
the addition of 5% sucrose with 10- 斗阿 ascorbic acid in the culture 
medium promotes fruit-set of excised flowers at 300 C. It may be 
relevant to observe also that the low moisture stress conditions often 
accompanying high temperatures could generate a high abscisic acid level 
in tomato (35 , 37) , which would favor premature senescence and abscission 
of reproductive organs. Thus , the high temperature modifications: (a) 
poor development of pollen , (b) lack of pollination , (c) disintegration 
of embryonic pistil cells , (d) substrate competition and limitation , and 
(e) hormonal imbalance are all conducive to abscission of tomato ovaries 
and poor fruit-set and yield. 

Tomato cultivars exhibit a wide range of fruiting ability under 
low (17) and high (45) temperature conditions. Some cultivars capable 
of setting fruit under low night temperatures are also able to set fruit 
at relatively high night temperatures. On the other hand , some of the 
same cultivars which set fruit under low night temperatures were unfruit­
ful at high night temperatures. In general , increasing the night 
temperatures decreased fruit-set and reduced fruit size. Unfavor、able
high day temperature is less detrimental on fruit-set than high night 
temperature. Whiìe it is quit~ well accepted that high temperatures 
decrease frui ti ng , i t i s known that "川oneymaker" ， grown at 350C day/180C 
night temperatures under controlled conditions , yielded more and heavier 
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fruit than p1ants grown at 200C day/150C night temperatureswhen provided 
adequate moisture (2). 

A1though various attempts have been made using hormona1 chemica1s 
to counteract the adverse inf1uence of unfavorab1e temperatures on 
tomato fruit-set (33 , 38 , 40) , and with varying degrees of success (or 
fai1u內)， understanding of hormona1 aspects of fruit-set and deve10pment 
is sti11 in its infancy (19). Information on endogenous hormona1 changes 
in re1ation to defined temperature and re1ated environmenta1 conditions 
affecting specific growth stages of reproductive structures is needed 
before precise and predictab1e contro1 of tomato fruiting can be rea1ized. 

FRUIT RIPENING 

Transformation of the matured green tomato into a red ripe fruit 
invo1ves many comp1ex sequences of under1ying biochemica1 reactions. 

Tab1e 6. Optima1 growing temperatures of tomato at different 
deve10pmental stages 

Developmenta1 Optima 1 Reference stages temperatures a 
一一

Seed germination 26-32o oc c 48 
Coty1edon expansion 16-20 15 
Seed1ing apex en1argement 150C 24 
Seed1ing growth 25-260C 25 , 29 
Stem e1ongation 300C day/170C night 43 

27~C day/19-200C night 58 , 59 
Axil1ary shoot growth 35~C day/18?C night 2 

260C day/220C night Tab1 e 4 
Root growth: 

Intact seed1ing 26-320C 
01der d pl ants 270C day/13-220C night 59 
Excised -z'.n v乞tY'O 20-330C 62 

Leaf initiation 250C 15 , 24 
Leaf node reduction 10-140Cb 32 , 65 
Flower formation 13-140Cb 32 , 65 
Anthesis 13-140Cb; 26 C gay/220C night 9 , 32 
Po1len formation 20-260 C 10 
Po11en germination 22-270C 
Po11en tube growth 22-270C 
Stylar extension 30-350 C 1 , 46 
Fruit-set: 

Intact p1ant 18-200 C 17 , 45 , 58 
Excised iη vitY'o 20-220 C 30 

Fruit ripening 24-280 C 54 

a It shou1d be borne in mind that the temperature responses are 
modu1ated by 1ight intensity , mineral nutrient and moisture 1eve1s. 

b Low temperature given to seed1ings for short duration of 2 weeks 
or 1ess fo11owed by growth at higher temperatures. 
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In the process of ripening , the green chlorophyll pigments are degraded , 
and the yellow-orange carotenoid and red lycopene pigments are synthesized. 
The biosynthesis of these pigments are light and temperature dependent 
(28 , 41 , 44). Carotene and lycopene development is promoted by red 
light and inhibited by far-red , indicating the process is under phyto­
chrome control. Vogele (54) demonst r:ated that "Bonny Best" and o "Marglobe" fruit maintained at 24-28 v C developed a deep Qrange-red 八
coloration , but became yellow .colored when kept at 32-36 v C. At 40 v C 
or higher the fruit remained green and failed to ripen. 

EPILOGUE 

The ultimate goal in regulating tomato's vegetative growth and 
flowering by providing an optimal growing environment is to achieve 
earlier and more abundant high quality fruit. However , such a goal is 
only partly realized because (a) basic understanding of vegetation , 
reproduction , and their interrelationships is incomplete , and (b) optimal 
growing environmental conditions during different growth stages of the 
tomato are seldom met even under controlled greenhouse or phytotron 
conditions. Recognition and , where feasible , correction of the limiting 
internal and external factors of tomato development can go a long way to 
assist in realizing higher fruit yield. Perhaps it is fair to say that 
we have learned a great deal about how to use temperature (Table 6) , but 
we are still unable to explain fully how it influences growth and 
development. 
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TOMATO FRUIT-SET AT HIGH TEMPERATURES 

C.G. Kuo , B.W. Chen ，阿 .H. Chou , 
C.L. Tsai , and T.S. Tsay 

INTRODUCTION 

Tomato yield is mainly determined by the number of plants per unit 
of land area , the number of flowers produced per plant , average fruit-
set percentage , and average fruit size. Fruit-set percentage is one of 
the key yield componenets to decide the yield in areas of marginal pro­
duction (55). By definition , fruit-set occurs in a plant which has its 
female parts and develops seed within a pericarp. This enclosing peri­
carp tissue is the site in which pollen grain must germinate after 
pollination , the pollen tube must grow through this tissue to reach the 
ovule , which forms the fruit after fertilization , and finally the fruit 
must remain within the plant and grow. Therefore , the absence of abscis­
sion of reproductive organs , which may take place at any time before , 
during , or after anthesis , does not have the same meaning as fruit-set 
( 19) . 

Environmental factors such as light intensity , temperature , and 
moisture stress greatly affect each process of fruit-set in tomato , and 
subsequently fruit-set percentage and yield (3 , 15 , 17 , 36 , 37 , 54 , 56 , 
60 , 63). High temperature in the tropics is particularly unfavorable 
for fruit-set , limiting tomato production. (1, 9 , 10 , 58). Since 
generative development is not much influenced by high soil temperatures , 
more attention is paid to the effect of air temperature in this paper. 

TEMPERATURE REQUIREMENTS FOR FRUIT-SET 

Although tomato plants can grow under a wide range of temperatures , 
fruit-set is limited to a somewhat narrow range. Fruit-set is usually 
poor when the temperature is either、 r~latively low or high. Watts (59) 
found that fruit-set is greater at 240 C than 160 C. Went~(61 ， 62) 
reports that the critical factor in setting tomato fruit is the night 
te~perature ， the optimal range being ]50 -200 C. Fruit failed to set 貝t
13U C or below. When the average maximal day temperat~re is above 32 u C, 
and the average minimal night temperature is above 21 uC, fruit-set is 
low (41). Also , high light intensity accompanied by high temperatures 
is harmful to fruit-set. Reducing the light intensity by shading 

Asian Vegetable Research and Development Center , 
P.O. Box 42 , Shanhua , Tainan 741, Taiwan 
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increases fruit-set significantly at hi gh temperature; but, when the tem­
perature is satisfactory, reducing the li ght intensity has no beneficial 
effects. Light intensity affects the internal temperature of the repro­
ductive organs. Later , Schaible (49) also noticed that tom~to fruit­
set is generally poor when the night t emperature exceeds 23u C. 

Howlett (25) points out that both nigh t and day temperatures are 
important factors limiting tomato fruit - set . Sugiyama et al. (54) 
attributes poor fruit-set and yield to high day temperature. Ranges 
between 300-450C cause a marked reduction of fruit - set , although no 
visible injury to vegetative growth is observed (32 , 33). Growing 
temperatures below 300( are recommended for fruit-set and yield. 

Cultivar differences in the ability to set fruit at high temper-
ature were first reported by Went (60). Subsequently , it has been 
possible to select cultivars capable of setting fruit under relatively 
high temperature (11 , 12 , 18 , 44 , 45 , 49 , 52 , 57 , 58). Others have 
dealt with differences between genotypes at high terrìperature; which 
should increase understanding of the specific mechanisms of sensitivity 
or resistance to the abscission of reproductive organs or arrest of 
fruit growth by heat stress (1 , 9 , 11 , 16 , 22 , 39 , 44 , 46 ) . This review 
does not attempt to preclude the possibility that one factor is affected 
chiefly by changes in day temperature and another by night temperature , 
however , both are considered simultaneously , since high day temperature 
is usually associated with high night temperature in the humid tropics. 

PRE-ANTHESIS AND ANTHESIS STAGES 

FLOWER FOR阿ATION

The developmental stage of a seedling is critical to flower forma­
tion under high temp~ratures. Flower production decreases with increased 
temperature up to 270C, regardless of any heat-tolerance in terms of 
fruit-set ability (16). A 260C dayj27 0C night at the early growth stages 
reduces flower numbers in the first cluster , but days to the first anth­
esis are also decreased with increased growing temperature in the early 
growth stages (14) 電 In contrast , work at AVRDC found that days to the 
anthesis of the 1st cluster of both heat-tolerant accession L-125 and 
heat-sensitive accession L-123 、are not affected when the high temper­
atu re (33-38 0 j21-260 C) are imposed for a 2-week interval at any time 
after the cotyledon expansion. 

We observed the macroscopic appearance of the first cluster in both 
L-123 and L-125 at 3 weeks after the cotyledon expansion of control 
plants , and high temperature of increasing duration at this stage de­
creased flower numbers (Fig. 1). These results imply that heat sensiti­
vity is maximal during the macroscopic appearance of the cluster , and 
abortion of flower buds can take place before their anthesis. Hewitt 
and Curtis (24) attributed this to a depletion of the carbohydrates by 
increased respiration. It was later found that heat-tolerant tomato 
cultivars at high tempe r ature (mean ma x. of 390C) tended to maintain a 
high net photosynthetic rate as well as fruit-set (9). 
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POLLEN GRAIN AND OVULE FORMATION 

Under normal temperature conditions (300 /15 0 C) , meiosis stages of 
macro- and microspore mother cells take place about 8-9 days before 
anthesis (28). This phase is the most sensitive to heat injury , a pheno-­
menon noted when the plant is at 400 C or above for several hours. Heat 
treatment at this phase caused: 

1) pollen tetrads to degenerate , and pollen grain to empty , and 

2) macrospore mother cells in the ovule to degenerate and their develop­
mental stage to be delayed (28). Heat injuries to both macro- and micro­
spores decrease with the advancing stage of flower buds before anthesis 
(28 ,53). High temperature at 3-1 days before anthesis or on flower 
buds younger than the meiosis stage do not cause any morpholoqical 
disturbance of pollen grains and ovules. Hand pollination with pollen 
at normal temperature increased the percentage of fruit-set for flowers 
which had been treated 7-5 days before anthesis to 60%, but faile9 to 
increase the fruit-set of flower buds treated at other stages (34). 
These results suggest that high temperature affected both pistil and 
stamen in the flower buds 9 days before anthesis , while it affected 
mainly stamen in the buds 7-5 days before anthesis. 

The numbers of sterile pollen , tested by staining or germination , 
increase with high temperature before anthesis (12 , 16 , 23 , 39 , 54). 
Sug1yama et al. (54) attribute the low fruit-set at high temperature 
(40U C) before anthesis mainly to a reduction of fertile pollen; however , 
Char仆 es and Harris (16) suggest that a lower percentage of viable pollen 
plays only a minor part in causing low fruit-set at 27 0 C. Work at the 
AVRDC shows pollen obtained from the high temperature grown heat-tolerant 
tomato plants (L-125) tends to have more viable grains than heat-sensi­
tive L-123 (Table 1). Levy et al. (39) report that pollen grains obtained 
from high temperature grown heat-tolerant "Hotset" have higher viability 
than those of heat-sensitive "Hosen-Eilon" . Elahmadi (22) found differ­
ences among genotypes for high temperature not only on pollen viability 
but also on ovule viability. 

Table 1. Pollen germination and pollen tube growth of月
tomatoes grown in relative high temperature. ~ 

Acc. no. Pollen germination Pollen tube length 

- %- U 

L-123 16 382 

L-125 77 470 

LSD 0.05 7 66 

αMean ma ximum tempera~ure for 10 days before the collec­
tiQn of pollen was 30 v C, and pollen was incubated at 
25 U C for the test. 
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STAMEN STRUCTURE 

Levy et a1. (39) suggests that sp1itting of the antheridia1 cone 
due to high temperature is a mechanica1 barrier to se1f-po11inatioQ. 

11 ~rO ~^o Th i s cba racteri s t i c was not fou nd i n hea t- to 1 erant 11 Hotset" a t 36'" -39"'C 
day 116υ-20V C night , whereas in heat sensitive IIHosen-Ei1on ll its frequency 
reached 40% of a11 f1owers , which would eventua11y drop before fruit-set. 

The opening of po11en 10bes is associated in part with formation of 
the endothecium - a subepiderma1 ce11 1ayer of the po11en sac , with 
special thickening in the wa11s except for the externa1 tangentia1 one. 
This endothecium formation is norma1 in heat-to1erant IISa1adette ll at 
high temperature (320C day/27 0C night); consequent1y the opening of the 
anthers a1so is norma1 (46). However , endothecia1 thickening of heat­
sensitive IIRoma VF 1' did not occur at high temperature and resulted in 
10ss of pollen dehiscence , whereas f10wers of IIRoma VF 11 under 10w tempe­
rature deve10ped norma1 endothecia and dehiscence. In a study of severa1 
genotypes with the abi1ity to set fruit at high temperature , po11en pro­
duction was reduced and dehiscence impaired in a11 genotypes at high tem­
peratures , regardless of heat tolerance (22). 

STYLE ELONGATION 

Tomatues are se1f-pol1inated at a rate of 98% or more (39) , and one 
characteristic reducing fruit - set under high temperature is the sty1e 
e1ongation re1ative to the antheridial cone (1 , 45 , 47). Self-pol1ina­
tion would be prevented or reduced when the stigma extends beyond the 
mouth of the antheridia1 cone. A strong relationship was found between 
style elongation and flower drop - the lower the stigma level , the higher 
the fruit-set - within a line at high temperature (10 , 39 , 45 , 46) 
Levy et al. (39) found that no fru i t was set by flowers with the style pro­
truding more than 1 m~ out of the antheridial cone due to high maximum 

υ 
temperatures of 36-39"'C. An inheritance study of fruit - set and style 
elongation at high temperature concluded that style elongation is a 
prime factor contributing to low fruit目 set at high temperature (45) . 

On the other hand , no style elongation was observed in several 
culti~ars (16) , although fruit set was reduced due to high temperature 
at 27 u C. The low fruit-set was attributed to hi gh temperature raising 
the stigma and plugging the tube of the antheridial cone , where it was 
less likely to receive pol1en . A great variability in style elongation 
between cultivars was shown under high temperature (35). Later work con­
firmed the wide genotypic variation in style elongation at high temper-
ature (10 , 39 , 46). The frequency of such distorted flowers ranged from 
0-100% in heat-tolerant "L-246 11 (KL-2) and in heat-sensitive "L-95 11 

(Venu?) , respectively , when grown under the mean maximal and minimal range 
of 410-240C (Table 2). Simi~ar results occurred with heat-sensitive and 
heat tolerant-hybrids (39). Rudich et al. (46) found that the stigma was 
thrust through the mouth of the antheridial cone_(+0.15 mm) of heat-
sensitive "Roma VF" at a day temperature of 40士 1 0 C ， whereas the style of 
heat-tolerant I'Saladette" at high temperature was shorter , and the stigma 
stayed within the antheridial cone (-1.1 mm). Mechanical pollination 
using a brush (10) , or hand pollination using normal temperature pol1en , 
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Table 2. Effect of temperature on style elongation and fruit-set rate 
of tomatoes. '-" 

AVRDC Varietal 41 - 240 C 32 - 240 C 
Type acc. Styl e fruit- Styl e fruit-

no. name exserted set exserted set 

L-246 KL2 。 42 。 57 

Heat-tolerant L-2991 PI 290856 。 44 。 55 

L-232 Nagcarlan 63 24 。 42 

問ean 21 36 。 51 
一一一一 一 一一一一一 一 一一一一一一一一一一一一一一一一一一一一一一一一一

L-96 Saturn 45 30 11 37 

L-205 Techumseh 53 19 10 26 
Heat-sensitive L-203 Floradel 83 4 20 19 

L-95 Venus 100 。 20 61 

問ean 70 13 15 36 

αAdapted from Ref. 10. 

improved fruit-set at high temperature; probably because it distributed 
pollen to otherwise inaccessible stigma. However , production did not 
always match that of normal temperature. 

Study of the heritability of style elongation reveals a high value 
of inheritance (39 , 45). Therefore , the practical possibilities for 
selecting heat- tolerant lines with normal styles under high temperature 
has been suggested (39). 

POST-ANTHESIS STAGE 

POLLEN GERMINATION 

Many studies have investigated the effect of temperature on in vitro 
pollen germination and pol1en tube growth of those pollen grains obtained 
from plants grown under favor、able environmental conditions (1 , 13 , 23). 
GeQerally , pollen grains germinate and pol1en tubes elongate well at 200 -

30U C, and temperaturesabove 35 0 C decrease in vitro pollen germination 
and pollen tube growth. Exposures to temperature above 35 0 C for one or 
more hours greatly decrease in vitro pollen germination and pollen tube 
growth (13 , 23 , 32). No apparent differences between heat-tolerant and 
heat-sensitive cultivars in terms of temperature effect on pol1en ger­
mination and pollen tube growth were found (13). 

Exposure to temperatures above 340 C at the time of in vivo pollen 
grain germination causes a decrease in the in vivo germination percentage 
and in the rate of pollen tube development into the style and thus 
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prevents fertilization (1 , 20 , 30 , 50 , 51). The optìmal temperature for 
in vivo pollen germination and pollen tube growth is near 200 C (16 , 51). 
On the other hand , the decrease in pollen germination with increasing 
temperature up to 27 0 C is generally much less than the decrease in fruit 
set. Also , heat-tolerant "BL 6807" , whi c: h has the biggest decrease in 
germination with increasing temperature , has the best fruit set; whereas , 
heat sensitive IIPR 6915" and "BL 6803" , which has the smallest decrease , 
has the poorest fruit set (16). It would appear , therefore , that the 
reduction in pollen germination and pollen tube growth may not be the 
sole cause of reduced fruit set under certain high temperature conditions. 

H~nd pollination using high temperature (35/25 0 C) and normal temper­
ature (22/180 C) pollen showed that although pollen produced at high 
temperature is viable , its effectiveness in producing fruit does not 
match that of normal temperature pollen (1). The reason was attributed 
to the retarded rate of growth of the pollen tubes produced at high 
temperature , which resulted in inadequate food stored in the pollen grain. 
Another possibility is that the poor germination or slow growth of the 
pollen tube is attribut♂ d to lack of a "stigma factor" normally present 
in the stigma or style (40) , although it has not been identified. It 
was thought that if a "stigma factor司 1 1 was present i n tomato pi sti 1 s , the 
pollen germination and pollen tube growth would be affected by the stig­
matic exudate. Work at AVRDC showed that pollen of heat-sensitive L-95 
incubated at 280 C in a medium containing aqueous stigmatic extract of 
heat-tolerant L-226 grown at high temperature germinated better than it 
did in a stigmatic extract of L-95 grown at high temperature (Table 3). 
It also was shown that indole-3-acetic acid (IAA) promoted germination 
and tube growth of pollen grains of either heat-tolerant or heat-sensi­
tive cultivars grown at high or normal temperature conditions (Table 4). 

100 

Table 3. 

Acc. 
no. 

L-95 

L-226 

LSD 0.05 

Effect of aqueous stigma exudate on tomato pollen germi­
nation and growth. 

Type Medium Germination Pollen tube 
length 

- ).1 -

Controlb 8 42 

Heat-sensitive L-95σ 31 68 
L-226σ 44 183 

Contro lb 10 75 

Heat-tolerant L-95σ 2 50 

L-226σ 41 170 

5 12 

αM旦an maximum temperature of 10 days~before pollen collection was 
~~~S ， and pol~e~n~a~_~n~伽ted atnoc for lhr for the test-t. 

。20% sucrose + 100 ppm H3 B0 3 • V20% sucrose + 100 ppm H3 B0 3 + stigma 
exudate from acc. no. indicated. 



α Table 4. Effect of IAA and GA 3 on pollen~ germination and growth of 
tomatoes grown in growth chamber or greenhouse. 

Acc. Germination Pollen tube length 
Medium Growthr 可 Greenhouse Growth Greenhouse no. chambe chamber 

=%一一-一一 ------ ~ ---------

Control 16 1 10 7 

L-123 IAA (0.25 mg/l) 32 14 29 25 

GA 3 (0. 5 . mg /1 ) 16 18 21 16 

Control 12 9 9 

L-125 IAA (0.25 mg/l) 44 12 40 20 

GA 3 (0.5 mg/l) 26 7 39 9 

α 。~8~~en was incubated at 30
v

C for 1 hr. b ..,... ,,..,,,,,,,,0 Temp. (20/20 U C). σTemp. (35/ 

Gibberel1in A3 (GA3) also had a slightly promotive effect , but not as 
much as IAA (1 3). Whether any of the these plant hormones are a stigmatic 
factor or are involved in heat sensitivity needs to be studied. 

FERTILIZATION AND SEED FORMATION 

Flowers at one to three days after anthesis were sensitive to high 
temperature and almost all flowers failed to set fruit under high temper­
ature (400 C) at this stage but not under high temperature at 5-8 days 
after anthesis (34). The more advanced the stages of fertilized flowers 
treated with high temperature , the more heat-resistant the fertilized 
flowers were. Later , Iwahori (29) also observed that pollen grains began 
to germinate 3 hrs after pollination on the stigma and fertilization took 
place 20-30 hrs after pollination , which occurred about 3 days after 
anthesis. The fertilized ovules which had been treated with high temper­
ature 18 hrs after pollination did abscise , which was mainly attributed 
to the retardation or stoppage of pollen tube elongation. When flowers 
were treated with high temperature 24-56 hrs after pollination , degener­
ation of endosperm and retardation or proembryo development were observed. 
On_the other hand , flowers of the plants held at high day temperature of 
300 C or high night temperature of 24-300 C developed fewer locules (48). 

There is a positive correlation between the number of seeds and 
fruit weight within varieties (21 , 56) and among varieties (26). The 
environmental conditions positively affected these two characters , and the 
cause of the decrease of either , usually is accompanied with that of the 
other (27). The effect of temperature on the number of seeds per fruit 
and the fruit-set percentage was studied at AVRDC. Generally , the fruit­
set and the number of seeds per fruit were higher at low temperature 
than at high temperature , and most heat-tolerant cultivars tended to have 
a higher number of seeds at high temperature (10). 
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GROWTH REGULATORS AND FRUIT-SET AT HIGH TEMPERATURES 

Fruit-set and fruit development are usually associated with the 
endogenous plant hormones produced by pollen , style tissue , or seed 
through the normal processes of pollination , fertilization , and seed 
formation (42). After fruit-set , fruit growth follows cell division and 
enlargement promoted by the endogenous plant hormones produced by seeds 
through seed development (4 , 5 , 7 , 8 , 30 , 42). In general , auxins and 
cytokinins are abundant and reach their peak during early development of 
cell division (4 , 5 , 7 , 8 , 30 , 43). Gibberellin levels are more prominent 
during cell enlargement (4 , 5) , whereasabscisic acid and ethylene 
increase gradually during maturation (4). 

Few attempts have been made to relate the changes in hormonal acti­
vity occurring in the flower , its fruit-setting process , and early 
growth of fruit as they are affected by environmental factors. Iwahor、 1
(31) reported that the highest level of endogenous IAA-like substance 
appeared 7 days after anthesis , when the ovary began to grow. The high 
temperature (400 C) treatment for 4 hrs 0-3 days after anthesis resulted 
in disappearance of this high level of endogenous IAA-like substance in 
those fruit which did not abscise from the plants but had their gr、owth
arrested. Also , almost all auxin activity was detected only in the 
seeds. Accordingly , in the high temperature treated ovary of a tomato 
flower , fertilization will not take place , and this would result in 
failure to produce the auxin (47) , which is assumed to trigger fruit 
development (38). 

No reports have discussed the effect of high temperature on 
endogenous growth regulators other than auxins as related to fruit-set. 
However , work at AVRDC found cultivar differences in the number of 
adventitious roots formed due to etbrel application. The number of roots 
form~~ was inversely related to heat - tolerant fruit-set , although some 
exceptions were observed (13). How this sensitivity to ethrel application 
is related to heat - tolerance needs to be clarified. 

The importance of endogenous growth regulators in controlling abscis-. 
sion of reproductive organs has been known (38). Work at AVRDC (13) 
indicates that pedicels of newly set or large fruits with reproductive 
organs removed resist abscission better than those pedicels with their 
flower buds open or with fertilized flowers removed (Table 5). This 
result suggests that the high level of certain endogenous growth regu­
lators in later stages of the fruit-set process may prevent the abscission 
of reproductive organs. Furthermore , heat-tolerant L-125 tends to have 
a low abscission percentage regardless of when its reproductive organs 
are removed. On the other hand , exögenous application of IAA or GA4j7 
prevents the abscission of pedicels without reproductive organs , and 
application of ethrel promotes abscission of pedicels without reproductive 
organs (Fig. 2) 

The exogenous application of natural as well as synthetic auxins 
has brought about improved fruit-set which otherwise failed to develop 
after receiving high temperature treatment (13 , 34 , 35 , 47). Fr叫 t-set
of flowers treated with high temperature at anthesis recovered after 
exogenous application of a synthetic auxin , pará-chlorophenoxyacetic 
acid (CPA) , whereas flower buds treated with hiqh temperature failed to 
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Table 5. Abscission rate of pedicels with their reprod垃ctive
organs removed at the time of heat treatment. 

Open Small fruit Large fruit 
flower ( 0 . 2 - 1. 5 cm) ( 1. 5 - 2. 5 cm) 

++ 
Heat-tolerant 

L-125 22e3 15e 17cd 

L-226 97 ab 73abc 7Sa 

L-232 94abc 40
d 19 bc一 d 

L-2972 98abc 63 bcd 21
bcd 

L- 3690 81 cd 60 bcd 37 bc 

Heat-sensitive 
+++ 

L-123 98ab 62 bcd 9d 

L-146 88bcd 46 cd 22
bcd 

L-166 100
a 87ab 45

b 

L-386 100
a 92a 40 bc 

L-387 76d 82ab 45
b 

+wpub11shed resu1tsof klJo et a1. , 1978.++Ref.57. 
Means with different superscripts are si9 nifi cantly 

different (P<O.05). 

L 123 (HS) 

• Flower bud 囝 Fert flower 口 Large fruit 

100r .Open flower .Small fruit 
LSD 0 .05 
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Fig. 2. The effect of growth regulators on the abscission of tomato 
pedicels with their reproductive organs removed in tomato 
accession L-123; AVRDC , 1978. 
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respond to CPA , and did not set fruit (30). Exogenous application of 
benzyladenine (BA) with CPA before high temperature treatment either at 
flower bud or anthesis showed a remarkable preventive effect to heat 
injury (30). Abdalla and Verkerk (2) found that the growth retardant 
cycocel (CCC) , a~~ GA4/?_~edu~ed flower dro~ and increas~~ ， fruit set and 
development at 350 day!25 0 C night. Later , Abdul et al. (6) confirmed 
that the application of CCC improved fruit-set at high temperature. 

‘ These results strongly suggest the control of fruit-set may involve more 
than a single hormonal factor. The possible involvement of other endo­
genous plant hormones in relation to heat-tolerance is open fòr further 
study. 

CONCLUSION 

Poor fruit-set at high temperature , usually above 300 C, is not due 
to a single factor but the causes are many and diverse. Each physio­
logical phenomena may account for some reduction in fruit set. On the 
other hand , the damaging effect on several heat-tolerant cultivars was 
consistently lower for some physiological or morphological parameters 
analyzed. These also support the view that reduction or absence of 
fruit-set at high temperature is not the consequence of a single mal­
functioning factor but a simultaneously impaired complex of physiological 
processes. 
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DISCUSSION SESSION II 

Vi11area1: What form of nitrogen source is best for tomato and why? 

Uexku11: Nitrogen sources are of minor importance when input rates are 
low. At higher rates (above 100-120 kg N/ha) nitrate forms are often 
superior to the ammonia form. High concentration of ammonia in the rhi­
zosphere restricts root growth and can be toxic. Nitrate forms deserve 
preference over ammonia under the fo11owing conditions: 

1. High rates of nitrogen use. 
2. Soi1s high or 10w in pH. 
3. Soi1s 10w in organic matter. 
4. Soi1s with poor aeration. 
5. Conditions of extreme drying and wi1ting. 

On Il very good" soils , high in organic matter with good soi1 texture and 
structure , nitrification can be very rare and on such soi1s ammonia forms 
can be safe1y used , even at high rates. 

O 
Sunarjon~: At high temperatures , around 40 v C, the tomato pol1en did 
not germinate. You showed that by exposing tomato p1ants 5 days before 
and 5 days after anthesis the percentage of fruit-setting was increased 
sharply. Does it mean that the fertilization of the egg cells took 
place between exposures? 

包旦: The data you refer to was cited from Sugiyama et al. (1966). They 
exposed tomato plants with various stages of flower buds , f1owers , and 
ferti1ized f10wers to 40 v C for three hours on each of two successive 
days. Their resu1ts revea1ed that f10wer buds 9-5 days before anthesis 
and f10wers at 1-3 days after anthesis were highly susceptib1e to high 
temperature. They also showed that hand pollination with normal pollen 
on heat treated flowers after anthesis failed to increase fruit-set. 
Therefore , the conclusion to be drawn is that high temperature prevents 
fruit-set via the limitation of fertilization. 

Sunarjon0: What do you mean by fertilization? 

Kuo: Fertilization is not a single event. It involves pollen germination , 
pollen tube growth and pollen tube reaching the ovule. Together , all 
those processes constitute ferti1ization. 

但旦旦: When we refer to fertilization , 1 think we have to consider the 
amount of seeds involved. You are not talking of a sing1e seed or an 
ovule being fertilized. You are talking of many seeds. The number of 
seeds reflect the number of ovules that are fertilized. Some varieties 
can have 150-200 or more ovules fertilized so that when you try to study 
the time of fertilization or the fusion of the egg cell and the male 
nucleus , you have a pretty tough problem. The second point is how many 
ovules need to be fertilized to set a fruit? We can argue that for a 
good fruit to set and attain a marketable size would require at least a 
minimum number of seeds , say 15 to 20. In terms , however , of examining 
the time of fertilization , it would difficult , considering the number 
of ovules and the location in the tomato fruit. 
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BACTERIAL AND FUNGAL DISEASES OF TOMATO 

Char、 les Y. Yangα 

PROBLEMS OF TOMATO GROWING IN THE TROPICS 

Even though tomatoes can be grown reasonably well in the drier and 
cooler parts of the tropics , tomato production in the hot , wet , lowland 
tropics is often hampered by diseases and pests (21). Reduction in the 
quality of tomato crops may be caused by various diseases either、 during
growth in the field (64) or during post-harvest activities such as transit , 
storage , and marketing (41). Effective disease control requires preven­
tive measures and host plant resistance. The use of disease resistant 
varieties is the most effective and inexpensiVe means of control; how-
ever , chemical fungicides and bactericides may be used to effectively 
control many tomato diseases. The germplasm of the wild relatives of 
tomato afford a potential genetic resource for many desirable character-
istics including disease resistance (17 , 45 , 53 , 54 , 56 , 73). Known 
sources of resistance to most tomato diseases are currently available 
as catalogs or lists (24 , 30 , 60 , 62 , 65 , 67). 

SCREENING TO門ATOES FOR DISEASE RESISTANCE 

The Asian Vegetable Research and Development Center (AVRDC) , along 
with many other research instituations in the world , maintains a large 
germplasm collection of cultivated and wild tomatoes. A vigorous , large­
scale breeding and screening program for disease resistance has been 
initiated to identify and develop disease resistance utilizing the gene­
tic potential of this germplasm. Since 1974 , many tomato accessions 
whi ch possess res i stance cha racters to major tropi ca 1 tomato di seases 
such as bacterial wilt , gray leaf spot , leaf mold , powdery mildew , late 
blight , TMV , and rootknot nematodes have been identified , selected , and 
utilized in the breeding programs ' to improve tropical tomato production 
(7 , 8 , 9 , 10 , 11 , 12 , 43). 

DISEASES CAUSED BY BACTERIA AND FUNGI 

Fifty-one pathogens , composed of bacteria , fungi , viruses , and 
nematodes , can attack tomato plants and cause disease. Detailed accounts 

αPlant pathologist , The Asian Vegetable Research and Development 
Center. P.O. Box 42 , Shanhua , Taiwan , ROC. 
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of the symptomology , geographical distribution , disease cycle , and con­
trol measures of the individual tomato diseases can be found in sever、al
publications (14 , 23 , 32 , 34 , 38 ; 41 , 42 , 64). In this paper , 5 bacterial 
and 29 fungal diseases of tomato are listed and referenced in Tables 
1-3; however , only the more important bacterial and fungal diseases 
that occur in the tropical and subtropical regions will be individually 
described. 

Tab 1 e 1. Tomato diseases caused by bacteria. 

Disease Causal organism Reference 

Bacteri a 1 wil t Pseudomonαs solαηασeα:rum 35 ,58 ,61 

Bacterial canker Coryγzebα。七eriwn m毛ch土gα:nense 6 

Bacterial spot Xα:n七homoγLαs ves毛σα七or毛α 27 

Bacteri a 1 s peck Pseudomonαs tomα:to 19 

Bacterial soft rot Erzβ毛n土α 。α:rotoψora 72 

Table 2. Tomato diseases caused by fungi. 

Disease Causal organism Reference 

-. Fusarium wilt 
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Fusαri肌 oxysporiwn 69 
f. lyσopersiσ王

Vertic至 lliwn albo- atrum 18 

勻的至wn ultimum; ~ 2 
p . αphαnidèrmαtwηj 
Rhizoσtoniα solαni 

Cerσosporα fuligeηα 8 ， 29 ， 57 

Cladospor至wn fulvwn 3 

Stemphylium solαni 4 ,68 

Septoriα lyσopers乞σi 5 ,31 

Ery s iphe polygoηi 8 
Leve乞 llulαtαurî.-σα 51

Alterηαp去α solαηi 52 

Phytophthorα infes tαns 15 

3σlerotiwn rolfs仿 25

3σlerot至n乞α sσ lerot王orwn 22 
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Table 3. Tomato fruit diseases caused by fungi. 

Disease Reference Causal organism 

Buckeye rot 

Ghost spot 

, Gray mold rot 

Nailhead spot 

Phoma rot 

50i 1 rot 

Alternaria rot 

Anthracnose 

Cladosporium rot 

Fusarium rot 

Helminthosporium rot 

Phomopsis rot 

Pleospora rot 

Pythi um rot 

Rh i zopus rot 

Ri ng rot 

50ur or watery rot 

Phy 七ophthorασα:ps ic毛
Phy七ophthorαspp.

Botryt乞s c~γwreα 

Botry七毛s c土札ereα

Al七erγLαriα tomα七o

Phomα des 七mλσ七土vα

Rhizoc七oniα solαγ1土

AlterγLα:r土α ter可 lλ土s

Colletotr土chwn phα的土des

Clαdosporium herbαY'Um 

fusαrium sp. 

Helm切thospor土um c的posαpY'Um

D土α~porthe phαseoloY'Um var. sojαe 

Pleosporα lycopers土。土

py 七h土um α:phα:nidermαtum

Rh土zopus stoloγl土fer

Myrothec毛wn sp. 

Gec 七吉普-iehum cαnd土dum
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1. BA CTERIAL WILT CAU5ED BY PSEUDOMONAS SOLANACEARUM 

Bacterial wilt is known by many common names , including southern 
bacteria1 wi1t , Granvi1le wilt of tobacco ，門oko disease of bananas , 
and brown rot of potato. This disease is a serious obstacle to produc­
tion of tomatoes in many tropical and subtropical areas , The pathogen , 
P. solαηασGαrum ， is most destructive during warm {30-35 U C) , wet 
weather. Since the bacterium needs abundant moisture for optimum 
deve1opment , disease severity increases with decreasing soi1 drainage. 
This pathogen can attack plants in over 25 botanical families; many of 
them cu1tivated crops such as tomato , potato , tobacco , pepper , peanut , 
eggp1ant , banana , and soybean. The 10sses caused by this pathogen are 
inca1cu1ab1e. 

The 10wer 1eaves of infected tomatoes may droop and the whole p1ant 
may appear stunted before wilting occurs. Affected plants rapidly wilt 
and die without yellowing of the leaves. The vascular system becomes 
brown , and development of adventitious roots along the stem may be en­
hanced. 'Slimy bacteria1 materia1 may exude from the bund1es when the stem 
is cross-sectioned. If cut stem sections are suspended in water for a 
few minutes , a milky string of bacteria wi1l flow from the cut surface. 
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The advanced stages of the disease are indicated by a brown decay of the 
pith and extensive ho11owing of the stem. Leaf spotting and fruit do 
not occur. The rapidity of wi1ting and death , the absence of fo1iar 
ye11owing , and the pith decay and ho11owness distinguish this wi1t dis­
ease from the Fusarium and Vertici11ium wi1ts. 

P. 80lanacearum is primari1y a soi1 目 borne p1ant pathogen. Its dis-
tribution and the diseases it causes are poor1y understood , and the pa­
thogenic and physio1ogica1 variations within the species are enormous. 
A1so 1itt1e is known of the eco1ogica1 factors that affect the bacterium's 
10ngevity in soi1 0γits disease potentia1 in different soi1s. It is 
quite embar、assing and disturbing to find that after 82 years and more 
than 1 ,400 research papers pub1ished (35) since the appearance of E.F. 
Smith's first monographic treatment in 1896 (61) , we sti11 experience 
heavy crop 10sses a11 over the wor1d because we lack effective contro1 
measures and adequate know1edge of the bio1ogy and eco1ogy of this des­
tructive pathogen. 

Investigations on P. 80lαnασeαrum have been hampered by the 1ack 
of information on the many different strains of the pathogen in the 
tropics and subtropics. Identification of specific strains of the pathogen 
is esentia1 in programs designed to test host germp1asm. The numerous 
hosts affected by this pathogen , its wide geographic distribution , the 
intrinsic comp1exities of strain differentiation , and many confusing and 
diversified classification systems at subspecies- 1evel are the crucial 
factors limiting the research progress on P. 80lαηασeαrum . In addition , 
the inherent complexity and diversity of the soi1 environment and the wide 
host range of the pathogen make it difficu1t to determine the soi1 
management or cu1tura1 practices necessary for effective contro1. 

The major cha1lenges and opportunities for progress are in breeding 
for resistance to P. 80lanaceαrum . Resistance for the bacteria1 wi1t 
pathogen has been found in L. pimp王nell王fol至um (P.I. 127805A) by severa1 
workers (1) , but this resistance 1S not adequate at the hot temperatures 
found at a1titudes be10w 608 m in the tropics. Commercia1 varieties , 
such as II Venus ll and II Saturn , 1I deve10ped with high 1eve1s of resistance 
for a gi ven 1 ocat i on , may not s u rvi ve i n other geographi c a reas ei ther、
because of the presence of different strains of the pathogen or because 
the resistance is variab1e under different environmenta1 conditions (44). 
Unless the strain situation within a specific crop can be clarifîed and 
the genetics of resistance can be defined , progress on improvement of 
bacterial wi1t resistance in tomato wil1 continue to be slow. 

Inocu1ation procedures for disease resistance screening have been 
standardized (8 ,9). The tomato germp1asm co11ected at AVRDC has been 
systematica11y screened under enhanced diseaseconditions in both the 
fie1d and greenhouse. To date , at 1east 27 tomato accessions have been 
selected from the more than 2,000 screened. Many of these selections have 
demonstrated a moderate to high degree of resistance to bacterial wilt in 
~he ~~e1d ， and their resistance is~being incorporated into the current 
breeding mater汁 als in order to þroaden the genetic background for resis­
tance to P. 80lanacear wn (9 , 10). 
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2. FUSAR1UM W1LT CAUSEO BY FUSARIUM OXYSPORIUM F. LYCOPERSICI 

Fusarium wilt is an important field disease of tomato in many warm 
regions of the world. 1n cooler locations , it is also an important 
disease of tomato under glass. 

The leaves of the diseased plant turn yellow and wilt gradually. 
These symptoms start on the lower leaves , affecting the leaflet unila­
tera11y , spread to the top , and eventua11y the who1e p1ant dies. The 
xy1em tissues of the stem turn dark brown. The roots also become infected , 
but there is no decay on the infected roots. Severe1y infected p1ants 
di e before the end of the growi ng season. The di sease i s more severe 
on 1ight , acid soi1s in hot areas. Two physio1ogical races of the fun-
gus are known to differ in pathogenicity toward tomato cu1tivars. 

The on1y practica1 means to control Fusarium wi1t is the use of 
resistant varieties of tomato , and , many resistant tomato varieties are 
avai1ab1e commercia11y. Varieties that are resistant to race 1 inc1ude 
Manapa1 , Heinz 1370 , Campbel1 28 , Tropi-Red ，阿ars ， Ohio W-R29 , Anahu , 
Saturn , t1analucie , Nemared , Napo1i , Roma VF , and Chico 11 1. The cultivars 
Walter and F10rida MH-1 are resistant to both races 1 and 2. 

3. OAMP1NG-OFF CAUSEO ' BY PYTHIUM ULTIMUM~ P. APHANIDERMATUM~ OR RHIZOC­
TONIA SOLANI 

Oamping-off is a soi1borne disease that is distributed throughout 
the wor1d. 1t causes decay of seed or seed1ings , or causes young p1ants 
to co11apse and die. 1t usua11y occurs in sma11 patches in the seedbeds. 
Seed1ings are extremely susceptib1e to damping-off for 2 weeks after 
they emerge; as the stem hardens and increases in size , the injury no 
longer occurs. 

Oamping-off can be contro11ed by treating plant beds either with 
Oexon or Captan as a preplanting soi1 treatment , or with PCNB as a soi1 
drench immediate1y after seeding. 

4. LEAF MOLD CAUSED BY CLADOSPORIUM FULVUM 

One of the common and destructive diseases of greenhouse tomatoes , 
it also frequently occurs on field grown tomatoes in tropical region~. 
The destructiveness of leaf mold on susceptible tomato plants is dependent 
on moisture and temperature.~ 1nfection can occur at an optimum 

o temperature range from 21-26 v C, with re1ative humidity above 95完 .

Usua1ly , symptoms of 1eaf mo1d deve10p first on the oldest leaves 
c10sest to the ground. They appear on a 1eaf as small , 1ight-colored 
spots which turn to a 1ight yel10w fo11owed by the browning , drying , 
and death of the ce11s in the infected area. Under severe diseased con­
~~tions ， the infect2d spots coa1esce and the fo1iage is rapidly ki11ed. 
The dense patches of buff-co1ored mold on the unde~ surfac~ of the in­
fected 1eaves are the funga1 conidia which are disseminated by air cur-
rents. The fungus primari1y attacks 1eaf b1ades , but it can a1so deve10p 
on petio1es , b1ossoms , and stems. 
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Leaf mold is a disease in which physiological specialization of the 
causal organism is a prime factor (16 , 48). To date , at least 12 
races of the pathogen have been described on the basis of differential 
host reactions (37) , and more can be expected at any time. A single 
dominant gene , Cf 2 , derived from wild tomato L . pimpineZZifoZium , con­
veys immunity to five races of the pathogen (65). The following varie­
ties have good resistance to most races of the fungus: Tuckcross M.O. 
and V. Tuckcross 520 , Ohio Hybrid 0 , Manalucie , Manapal , Vantage , Vee­
gan , Vinequeen , and Waltham Disease Resistant Hybrid. 

Another foliage disease , the black leaf mold or black leafspot 
caused by Cerσosporα fuZigenα ， is very prevalent and sometimes destruc­
tive on tomatoes grown in the lowland tropical regions (8 , 29 , 57). 
The symptoms of this disease are so close to those of the leaf mold that 
it is often diagnosed as the Cladosporium leaf mold disease without 
further distinction. However , under favorable field conditions , the 
Cercospora leaf mold develops a rather dark black patch of spore mass 
on the underside of the affected leaves instead of the yellow buff 
patches so typical of the leaf mold. There is no tomato variety known 
to resist the black leaf mold disease. 

Resulting from 873 screenings in the past 5 years at AVRDC , 11 tomato 
accessions have been proven to have a high degree of resistance to the 
leaf mold disease caused by CZadospor王山7 fuZvum . They are L21 , L94 , 
L203 , L221 , L265 , L295 , L302 , L304 , L336 , L337 , and L341. 

5. GRAY LEAF SPOT CAUSED BY STEMPHYLIUM SOLANI 

Gray leaf spot is a very common and destructive disease of tomatoes 
in warm and moist tropical and subtropical regions. The disease differs 
from early blight and nailhead spot by not affecting the fruit. Symp-
toms commonly appear either、 in the seedbed or on plants seeded directly 
in the field. Lesions are most common on leaflets , occasionally on 
petiole or stem , but never on fruit. Small , brown to black specks 
appear , scattered or abundant , circular or elongate , and slightly sunken 
and , as the spot enlarges , the center becomes grayish brown and shiny. 
The necrotic centers may drop out , leaving a shot-hole effect. When 
the spots reach their maximum diameter , about 4 mm , the entire leaf 
turns yellow , dies , and drops. The disease usually progresses from old , 
lower leaves upward. Warm , moist weather favors disease development and 
when this occurs , all the leaves except those near the tips may be kil1ed 
and few fruit are produced. The conidia of the pathogen are carried 
by air currents. 

Gray leaf spot can be control1ed by spraying maneb or other dithio­
carbamates on the seedbeds. A number of commercial tomato varieties 
are highly resistant to this disease: Chico III , Floradel , Tropic , Wal­
ter , Manapal , Marion , Indian River , Tecumseh , Campbell's 17 , and Chico 
Grande. 

Over 2 ,000 tomato accessions and close to a thousand crosses were 
screened at AVRDC's experimental farm , 11 accessions and 4 crosses 
possess strong resistance to gray leafspot (9). 
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6. SEPTORIA LEAFSPOT CAUSED BY SEPTORIA LYCOPERSICI 

Septoria leafspot , one of the most destructive foliar diseases , can 
cause complete defoliation during periods of warm temperatures with 
frequent rains or heavy dews. The disease is world-wide. It appears on 
leaves and stems at any stage of plant growth. The lower oldest l eaves 
show the first symptoms . Infected leaves develop water-soaked spots. 
The spots are circular; they have gray centers and blackish borders. 
As the spots develop , they become surrounded by a distinct yellow halo. o When conditions are favorable (22-26 V C) , fungus fruiti 閃 bodies appear 
as small black specks , pycnidia , in the center of the spots. Spores 
ooze out of these pycnidia in pink , gelationous masses during wet 
weather , and are spread by splashing rain to new leaves. Leaves with 10 
or more spots soon turn yellow and drop off , exposing the fruit and 
permitting heavy sunscald injury. The disease occasionally attac ks the 
stems and blossoms , but rarely attacks the fruit. 

Although a high level of resistance to Septoria leafspot has been 
identified in variety Targinnie Red , a few P. 1. accessions , and germ­
plasm collections of Lyσopersicon hirs的問 and L . peruvianum (5 , 56) , 
no commercial variety with this resistance is available. Maneb and 
Zineb may be used as a chemical control for Septoria leafspot. 

7. POWDERY MILDEW CAUSED BY ERYSIPHE POLYGONI 

This disease is common on tomato grown during cooler and less 
humid seasons in some subtropical regions. Conidia are produced in 
chains on conidiphores that arise from mycelia on the host surface . 
They are disseminated by air currents. In countries of the Mediterra-
nean basin , the powdery mildew of tomato is reportedly caused by 
Leveillulα 七α:ur1.-- cα .

At AVRDC , 3 tomato accessions , i .e. L17 , L30 , and L40 , out of 1 ,963 
screened in the field , have been identified as resistant to powdery 
mildew. In the field , powdery mildew of tomato can be effectively 
controlled by fungicides such as Milcurb Super. 

8. EARLY BLIGHT CAUSED BY ALTERNARIA SOLANI 

Early blight , also known as Alternaria leafspot , is the most common 
leafspot disease of tomatoes throughout the world. It produces a cir-
cular spreading spot , which has dark edges and is usually brown to 
~Ja~k. in th~ center: T~ese spots frequently merge , forming irregular 
blotches. Concent川 c ri 阿s often appear in the brown center , givi 阿 the
di sease another name "Ta rget Spot. 11 

The early blight pathogen produces toxic materials within the leaf ‘ 
caus1ng1a rge areas to tu rn ye11ow and the 1eaf to fa11 , even though J 

there are on1y a few necrotic spots.Da rk mas ses of conf df a are prod uced 
a~o~nd !~e ~argin of the spot , where they are easily dislodged by the 
wfnd.The fungus sometf mes attacks the fruft , caus f ng1arge , sun ken 
areas of a black , velvety appearance at the stem end. Infected fruit 
frequently drop. Large spots often appear on the stems of seedlin 
at the ground 1eVe1 , caus f ngthe partf a1gf rd1ingknown as col 1ar rot . 
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Prevention of seed1ing infection is very important in controlling 
ear1y b1ight. Seed dressing with thiram is an effective contro1 measure. 
The disease can be contro11ed in the field by spraying with maneb or 
other dithiocarbamates. Current1y no commercia1 tomato variety is 
high1y resistant to the ear1y b1tght fungus; however , F1oradel , Manalucie , 
and South1and are considered moderately resistant . 

9. LATE BLIGHT CAUSED BY PHYTOPHTHORA INFESTANS 

Late b1ight of tomatoes is caused by Phytophthorα infestαns ， a 
fungu~ which a1so causes late b1ight of potatoes. The disease causes 
severe defo1iation , marked damage of the tomato p1ants , and a destructive 
rot of both the mature and immature fruit. Coo1 nights and moderately 
warm days with abundant moisture favor the rapid development and spread 
of 1ate b1ight. During severe epidemics this 1eaf blight may destroy 
an entire crop. In the warm regions the 1ate b1ight fungus remains a1ive 
on Solαnwηhosts. 

The characteristic fo1iar symptoms of the 1ate b1ight are irregular , 
greenish-b1ack patches first appearing on the older leaves. They 
rapid1y en1arge and become brown and papery. Water-soaked , brown streaks 
may a1so deve10p on the infected stems. During moist weather or under 
heavy dew , a white , downy fungus growth often deve10ps near the margin 
of the diseased tissue on the under surface of the 1eaves or on the stem 
1esions. Stem lesions appear as water-soaked brown areas that may gird1e 
and kil1 the p1ant. Severely diseased p1ants often break a10ng the stem 
lesions and cause 10dging. Infection of the fruit can occur at any 
growth stage , and 1esions appear as large , green to brown , water-soaked 
blotches. These 1esions commonly appearing on the upper ha1f of the 
fruit , are firm in texture with occasional zonate markings. Often soft 
rot organisms invade b1ighted fruit and cause rapid fruit disintegration. 

The common tomato races of the pathogen damage both tomato and potato 
equally. The potato races , however , affect potatoes more severely than 
tomatoes. Several passages of a potato race through tomato or potato 
p1ants may a1ter its racial character. The differences in late b1ight 
resistance shown by commercial tomato varieties may we11 be the ref1ection 
of the comp1ications facing tomato breeding programs when dea1ing with 
a destructive pathogen withmany physiological races. Currently , the 
varieties New Hampshire Surecrop , New Yorker , Nova , and W. Virqinia 63 
have a hiah resistance to the common tomato races of 1ate blight fungus. 

To date , screening under the most epiphytotic conditions for late 
blight , AVRDC's plant pathologists have identified 32 tomato accessions 
and 31 crosses high1y resistant to the disease. These results came from 
screening 4 ,023 accessions and 946 crosses. The best resistant selec­
tions , i.e. accession Ll197 and cross CL607-7-1-0 , are being used for 
resistance to late blight in AVRVC's tomato breeding program. 

10. SOUTHERN BLIGHT CUASED BY SCLEROTIUM ROLFS II 

Besides tomatoes , southern b1ight affects more than 100 different 
host plants. This disease is common and widespread in subtropica1 and 
tropical regions. Genera1 drooping of the leaves , easily confused with 
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bacterial wilt or Fusarium wilt , is the first above-ground symptom. 
Brown decay of the stemls cortical tissues at the ground level is also 
evident , and it is usually covered by a whitish mycelial mat inter-
spersed with many small , light-brown spherical shaped sclerotia. The wilt 
continues until the plant dies. If fruit near the ground are invaded , a 
rapid decay follows , and the fungus appears generally on the surface. 
The shape , size , color , and formation of the sclerotia of the southern 
blight pathogen can be used diagnostically to distinguish it from a very 
similar tomato disease , stem rot caused by sσ Zerotiniα sσ Zerotiorum . 
The sclerotia of the latter pathogen are mostly formed inside the hollow 
cavities of the infected stem , and are comparatively larger , black , hard , 
and irregularly shaped. Sanitation is the best protection against the 
southern blight. 
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TOMATO VIRUSES 

Nobuyuki Oshimaα 

K.M. Smith (19) described 14 tomato viruses and 1 Mycoplasma disease 
(Table 1). 

Sturgess (20) reported a "leaf shrivelling virus disease" of tomato 
caused by a strain of potato virus Y -' yellow shrivel, due to a complex 
consisting of the strain and the aucuba strain of tobacco mosaic virus 
(TMV) , and tomato fern-leaf shrivel due to a complex of the strain and 
cucumber mosaic virus (CMV). 

A strain of tobacco leaf-curl virus on tomato was reported by 
Nariani (10) in Delhi. Beet curly-top virus also causes the disease 
usually known as tomato yellows and , previously , as western yellow 
blight of tomato (19). 

In Japan , 6 viruses occurin tomato p'lants: TMV , CMV , double virus 
streak , tomato spotted wilt virus , tobacco leaf-curl virus , and sometimes 
pota to vi rus Y; and s ome Mycop 1 asma d i seases . TMV , CMV , and doub 1 e 
virus streak are common. Tomato spotted wilt virus and tobacco leaf­
curl virus occur in limited prefectures . 

Among these viruses , the most important disease of tomato is tomato 
mosaic disease caused by TMV. More than 90% of the viruses isolated 
from mosaic tomato plants in Japan are TMV in which the tomato strain 
of TMV is about 90% or more. Sometimes to 鬥ato plants are infected by 
the necrotic strain of TMV which causes severe necrosis in leaf , stem , 
and fruit , but it occurs very rarely. Loss of yield by the mosaic dis­
ease is from 20-30% commonly , but sometimes more than 50%. 

Recently many tomato growers want to use the attenuated virus in 
their fields. Attempts to cross-protect tomato crops with an attenuated 
tomato str叫 n of TMV was carr汁 ed out by Oshima et al. (13) in 1963. 
They obtained higher total yields from tomato plants inoculated with 
their f"l strain L" , which had been made by growing a tomato strain , TMV-L , 
at 35'""C for 14 days in sections of a tomato stem. LIIA , which Japanese 
t oma to growers use a t present , was se 1 ected from L 11 by seve ra 1 pas sages 
through local lesions of Niσotiαnα glut王nosα and tomato plants in the 
field. This attenuated strain is an almost symptomless strain and 

αDirector of Agriculture , chief of 1st Research Division , Institute for 
Plant Virus Research , Tsukuba Science City , Yatabe , Ibaraki , 300-21 , 
Japan. 
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stable without producing severe strains by mutation (4). But recently 
the cultivars having the Tm-1 gene resistant to TMV became infect已 d by 
a virulent strain , Pelham's 1 type strain , and another attenuated strain , 
L..A 237 , was made by successive passages of L..A through TMV resistant 
GCR 237 tomato (Tm-1/Tm-1) for the protection of such cultivars (15). 

These attenuated viruses , applied as diluted sap from infected tomato 
leaves to which 600 or 800 mesh carborundum is added , are inoculated 
to tomato seedlings at the 1 or 2 leaf stage with a motive or hand sprayer. 
Ogihara et al. (14) , in Chiba prefectural Agricultural Experiment Station , 
investigated the nature of the protection afforded by L..A , cultivating 
different tomato cultivars in a plastic greenhouse contaminated by TMV , 
and raised higher yields in LIIA-infected :tomato plants than in the non­
treated p 1 ants. The effects of L"A on yi e 1 d di ffered accordi ng to the 
tomato cultivars , the season of cultivation , and the year (Table 2). 

Table 2. Effects of inoculation of the attenuated strain 
(ratio of yield).u 

Attenuated virus 
Form of cul ture Cultivar (LIIA) inoculated 

Standard ratio) 

Retardingα House-Homare 132 1970 
sernf-forcf ngb 129 1971 
Over-wintering σ Kochi-First 196 

Toko-K 456 

House-Homare 155 

Kyoryo ku- Goko 179 

αOct-Dec; bMar-Jun; cJan-May; dChiba Prefectural Agricultural σd 

Experiment Station. 

1n 1968 , Rast (18) isolated an almost symptomless mutant , M 11-16 , 
with good protective qualities by exploiting the mutagenic action on the 
tomato strain of TMV. This strain is manufactured commercially and has 
been applied to a high proportion of glasshouse grown tomato crops in the 
Nether冉iands and United Kingdom. 

Many commercial cultivars having resistant Tm-1 or Tm-2 2 genes were 
introduced and some of them are grown commercially. However Oshima and 
Motoyoshi (16) , studying tomato resistance to TMV strains, observed the 
adaptive changes of TMV strains following passage through various types 
of resistant tomatoes , GCR 237 (Tm-1) , GCR 236 (Tm-2) , and GCR 254 (Tm-1 , 
Tm-2). Motoyoshi and Oshima (9) also studied phenotypic expressions of 
different genes controlling resistance to TMV in tomato in the protoplast 
system using otherwise isogenic breeding lines. Genes Tm-2 and Tm-2 2 
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were not expressed and did not prevent TMV-L , a common strain of TMV , from 
infecting and multiplying. 8y contrast , homozygous gene Tm-1 was able to 
express its effect in protoplasts as well as in leaf discs; no virus 
progeny were detected by fluorescent antibody staining or by infectivity 
assay up to 3 days after inoculation with TMV-L . Protoplasts and leaf 
discs homozygous for Tm-1 , however , became infected with T阿V-CH2 ， a tomato 
strain able to overcome the effects of Tm-1 in intact plants (Table 3). 

CMV is another important virus in Japan and occurs commonly , especially 
in the open fields. The virus seems to be transmitted mainly by the 
aphids , Aphis gossypi至 and Myzus peY'siσαe. Many wild plants near the 
tomáto fields are infected with CMV and probably become sources of in-
fection from which aphid vectors transmit the virus. C阿V produces the 
diseases known as "fern leaf" , but the symptoms on tomatoes are affected 
by air temperature and different strains of CMV. 

Sometimes tomato plants were affected with the necrotic strain of 
C阿V ， but in Japan such a strain occurs rarely. Recently very interesting 
facts were discovered concerning the necrotic strain of CMV. Vuittenez 
and Putz (24) reported that field tomato plants in large regions of the 
French Alsace were stricken with a severe necrotic disorder of epidemic 
proportions in 1972 , and almost the entire field tomato harvest in that 
part of France was annihilated . In 1974 , conclusive evidence was given 
by Putz et al. (17) that the disorder‘ was viral etiology and somehow 
associated with C川V infection . However , in 1977 , Kaper et at. (5) found 
that in addition to the three CMV genomic RNA1s 1, 2 , and 3 and RNA 4 
(the nucleotide sequence which also occurs in RNA 3) , CMV-S virions , a 
necrotic South African strain of CMV , contains a fifty RNA component 
which is not part of CMV1s divided genome. The tomato plants inoculated 
with CMV-RNA 1+2+3 and RNA 5 exhibited necrotic symptoms , but the plants 
inoculated with CMV-RNA 1+2+3 showed mild mosaic only. 

Kuniyasu et al. (7) , Vegetable and Ornamental Crops Research Station , 
carr汁 ed out inoculation tests of several cultivars to select breeding 
materials having resistance to TMV and C門V . The experimental resuts 
showed that M-R 9, M-R 12 , Ohio 60712 , and L-253 cultivars (among 11 
cultivars) showed only sight mottling while "Fukuju No. 211 , a T~lV 
susceptible cultivar , was severely affected. The degree of resistance of 
these cultivars was affected by many factors , including inoculation 
methods , plant stage , and environment. 

Tomato yellow dwarf disease in Japan was r~ported from tomato fields 
among the mountains in Nara prefecture in 1973 (11 ,12). This disease 
seems to have been occurring in the prefecture for a fairly long time , 
and recently was confirmed in northern parts of Osaka and Wakayama pre-
fectures also. In these regions , tomato fields suffered badly from the 
disease , and sources of virus were supposed to be in wild plants. The 
diseased plants showed cu什 ing ， yellowing , twisti 呵， and 叫 1 i 阿 of the 
leaves , a dark green color along the leaf veins , and stunting of the 
plants. 

The outbreak of this virus fluctuated between years. For instance , 
it occurred in 100% of tomato plants in one district of Nara prefecture 
in 1974 , but in the next year only in 3.4% (Table 4). 
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Table 4. Outbreaks of yellow dwarf dise~se in 1974-1976 
in Uda-gun of Nara prefecture. 山
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Solanaceous plants grafted with the affected plant showed symptoms 
like those caused by tobacco leaf-curl virus , and the whitefly , Bemssiα 
tαbασ手 ， transmitted the disease. The prepar、ation purified from diseased 
tomato leaves contained small isometric particles , 15-20 nm in diameter. 
Very similar particles were also observed in purified preparations from 
tobacco leaves infected with tobacco leaf-curl virus. From these results 
the causal virus of tomato yellow dwarf disease was concluded to be 
identical or closely related to tobàcco leaf-curl virus. Sometimes 
viruses isolated from affected tomato plants showed different symptoms 
on tobacco plants and , consequently , it is necessary to reveal whether 
these viruses belong to the same virus or not , and also especially to 
reveal the differences between this virus and tomato yellow leaf-curl 
from Israel (1) , yellow mosaic from India (23) , a virus-like disease 
which causes stunting and yellowish rugose foliage symptoms from Nigeria 
(3) , tomato yellow mosaic from Venezuela (2) which was reported to be 

mechanically transmitted to several species of the family SoZαnασeαe 
recently (22) , and "mosaico dourado do tomateiro" from Brazil (8). 

nHnonMHno 

50.0 

Tomato spotted wilt virus was isolated for the first time from 
tomato plants of Nara Prefecture in 1972 although already this virus had 
been isolated from imported dahlias in 1965 (6). The virus induced stem 
and veinal necrosis , necrotic spots , necrotic or yellowish wilt , severe 
malformation , and necrosis of fruit in tomato greenhouses or fields (21). 

By the sap inoculation test , 30 species in 8 families were found 
susceptible to the virus. The symptoms were pronounced necrosis in 
many susceptible plants , especially of SoZαnασeαe . The virus was trans­
mitted by the thrips , Thr主ps tαbασi . In crude sap prepared with 0.1 M 
phosphate buffer (pH 7.0) or distilled water , the thermal inactivation 
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points of the virus were between 45-50oC or 35-400 C, the dilution 
end points were between 10- 5 - 2 X 10- 5 or 10- 4 - 2 -x 10- 斗‘ and the 
longevities in vitro were between 10 - 15 hr or 5 - 10 hr , respectively. 
Virus particles observed in a leaf dip preparation from diseased plants 
were found to be spherical , 70- 90 nm in diameter、， presenting an outer 
layer structure. In ultrathin sections of infected leaf cells of tomato , 
clusters of spherical vi r us particles 70- 90 nm in diameter、 were fre ­
quently observed in cytoplasm enclosed in vesicles (6). 

Besides the above-mentioned viruses , some yellows-type diseases 
caused by Mycoplasma of potato witches' bloom , aster yellows , and 
gentian witches' bloom have occurred in tomato plants in the northern 
parts of Japan , but the outbreaks were in the limited areas and not so 
impor、tant. The vector is the dark leafhopper , Ophiora flωop臼切.
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PRINCIPAL INSECTS WHICH ATTACK TOMATO 

IN THE TROPICS AND THEIR CONTROL 

Anan Vattanatungum and Winai Ruchtapakornchaiα 

INTRODUCTION 
This article is a review of the research that has been done in 

Thailand and neighbouring countr啥 ies. The focus is on the major insect 
pests which have been found causing serious damage to tomato. When 
compared to the damage caused by diseases , insect problems seem to be . the 
lesser. However , there are a few insect species that can cause serious 
damage to toma toes grown i n a trop i ca 1 envi ï'onment. The sca rc i ty of re-
search documents makes this report far from complete. For this reason , 
this article is open for further discussion. 

From the emphasis of published and unpublished resources surveyed , 
it is apparent that the major tomato insects of concern to researchers 
in the tropical countries are sucking insects and fruit borers. More 
attention has been paid to fruitworm. However , sap sucking insects may 
become important when they are involved in virus transmission. 

APHIDS 

There are two species of aphids commonly found on tomato: 

1. Cotton Aphi Q_, (Aph仿 gossyp仿 Glover). In the Philippines (4) it 
causes serious damage when occurring in great numbers. High populations 
greatly reduce plant vigor. In Thailand , apart from tomato , this aphid 
also attacks a wide range of solanaceous plants besides cotton. 

2. Green-peach Aphi Q_, (Nyzus peY's王σαo Sulzer). In Thailand this species 
is common on vegetable crops and found throughout the country. It can 
transmit virus diseases of tomato such as tomato yellow top and tomato 
aspermy. Recent tests indicate that this species cannot transmit 
leaf curl disease in Tailand (8). 

Control Measures. Since these two aphids can feed on a very broad range 
of plants , host plant relationships during the growing season must be 
taken into consideration before the planting date can be planned. Chemi­
cal application of fenitrothion , diazinon , or malathion has been recom­
mended (4). 

αVegetable and Ornamental Insects Laboratory , Division of Entomology 
and Zoology , Department of Agriculture , Bangkhen , Bangkok 9 , Thailand. 
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WHITE FLY 

The significance of whitef1y on tomato was pointed out when viro-
10gists of the Division of P1ant Patho1ogy , Department of Agricu1ture , 
successfu11y transmitted 1eaf cur1 virus from infected p1ants to norma1 
p 1 ants by us i n9 the whi tef1y (Bemisi.a tαbασ王 Genn.) as a vector. The 
disease has been recorded to cause serious reduction of tomato yie1d in 
many areas of Thai1and (8). A1though B. tαbασi has not yet been recorded 
on tomato in Thai1and , it is 1isted-as a major pest of tobacco (5) , and 
it is known to transmit tobacco 1eaf cur1 virus (1). It seems that the 
whitef1y has a broad range of host p1ants under tropica1 conditions. 
Nene (3) has 1isted above 75 p1ant species as hosts , inc1uding over 7 
80lαnum crops and tomato. 

Contro1 Measures: Viro1ogists who work toward the contro1 of 1eaf cur1 
disease on tomato are asked to pay more attention to ways of protecting 
tomato p1ants from whitef1y attack. Recommendations for chemica1 treat­
ments on soybean and urdbean are (3): 

1. 0.1 % Endosu1 fan + 0.1 % Metasysto x (oxydemetonmethy1 ) + 2% of 
orchard oi1. 

2. 01. % 川a1athion + 0.1 克 阿etasystox + 2% of orchard oi1. 

Another method of chemica1 contro1 is through soi1 treatment by 
granu1ar systemic insecticides , such as carbofuran or a1dicarb. One 
app1ication at transp1anting shou1d be effective. Tobacco growers in 
Thai1and have successfu11y used this to protect from tobacco 1eaf-cur1 
vlrus. 

FRUITWORM 

The insect that commonly attacks tomato is the fruitworm ( Hel王σoveY'pα
αY'miseY'e Hubner) , common1y known as cotton bo11worm or corn earworm. In 
Thai1and , this worm has been a major pest of tobacco , corn , cotton , soy-
bean , vegetab1es , and 1egumes. It is a1so reported as a major prob1em 
in India (6) and the Phi1ippines (2 ,4). Investigation on the damaging 
habits and chemica1 contro1 of the worm was carried out for the first 
time in 1975 (7). Adu1t fema1es 1ay a sing1e egg norma11y on young 
1eaves or f1owers. Damage can be found on young 1eaves and f10wers by 
sma11 1arvae. Mature 1arvae bore a ho1e into the fruit and rotting is 
caused by bacteria or fungi. Damage to the fruit has been as much as 30%. 
Outbreaks are norma11y found during dry season when host p1ants are more 
abundant. . Tomato grown near tobacco is normally subjected to more damage. 
Seasona1 abundance of this pest can be found in Mar to Apr in northern 
Thai1and. 

Contro1 Measure. Experiments were conducted at Maejo Fie1d Crop Station , 
Chfan-gmai , Thai1and , during Feb-~1ay 1975 (7) to study the potentia1 of 
certain insecticides for tomato fruitworm contro1 , Fie1d eva1uations , 
using randomized comp1ete b10ck experimenta1 designs , were conducted in 
15 mL p10t with 5 rep1ications of each treatment. A tota1 of 8 treatments , 
inc1uding contro1 p1ot , were eva1uated for tomato yie1d. First app1ication 
was started at first f10wer set , fo11owed ~y week1y spray interva1s. 
Insecticide effectiveness was based on percent control on marketable 
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fruit. Yield results are shown in Table 1. Methomyl at the rate of 0.6 
kg a.i./ha , Acephate at 0.7 kg a.i ./ha , and Monocrotophos at 1.2 kg a.i./ 
ha were among the best treatments followed by Endosulfan 0.6 kg a.i./ha , 
Methomidophos 0.6 kg a.i ./ha , and Leptophos at 1.2 kg a.i ./ha. 
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In consideration of the hazards of toxic residues from those promising 
products tested , Methomyl and Acephate were later recommended for use 
as tomato fruitworm contr叫 in Thailand. In the Philippines (4) Methomyl 
and Acephate are also suggested , as well as Fenitrothion and Tetrachlor­
vinphos. 

CONCLUSION 

It is apparent that among the principal insect pests attacking 
tomato in the tropics , tomato fruitworm (H. αrmigera Hubner) has received 
foremost attention and was found to be the most important insect so far. 
However , some sap sucking insects , such as aphids and whitefly , should 
receive further attention , especially whitefly (B. tαbασi) which has 
become a vector of tomato leaf cur刊 disease.
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NEMATODES ATTACKING TOMATO AND THEIR CONTROL 

R.B. Valdezα 

INTRODUCTION 

There are over 60 species representing 19 genera of plant parasitic 
nematodes that have been reported to attack tomatoes. Average losses in 
tomato crop yields due to nematodes are estimated at about 10-15% and , 
of these , the root-knot nematodes ( Melo王dogyne spp.) probably contribute 
at least 4%. Among the nematodes affecting tomatoes , the root-knot 
nematodes are undoubtedly the most destructive and well studied. Of the 
37 Melo王dogyne species described , 7 were reported to infect tomatoes but , 
of these , on1y M . αY'enαY'iα -' M. inσognitα-' and M. jαυαn'L-σα are the most 
common and destructive on tropical tomatoes. M. inσognitα was reported 
by Ducusin and Davide (12) to have caused 85% yie1d 10ss of the rainy 
season variety 2029 when inocu1ated at p1anting , and 40克 when inocu1ated 
at f1owering. In the coasta1 p1ains this species reduced tomato yie1ds 
8 5克 ， compared to 20-30% in the highlands (1). Tay10r and Sasser (57) 
reported that root-knot nematodes multip1y 10garithmica11y for severa1 
generations during the growing season. They ca1cu1ated that even if 
on1y 5% of the average of 500 eggs produced by each female wou1d survive 
and reproduce , the numbers will be 25 , 625 , 15 ,625 and 390 ,625 in four 
generations in the tomato cropping season. It is certain , therefore , 
that popu1ation increase is tremendous on a susceptible crop and under 
favorab1e conditions. 

Besides the root-knot nematodes , the other destructive endoparasitic 
species are probably the reniform ( Rotylenchωus Y'eniformis ) and the 
lesion ( PY'atylenσhus spp.) nematodes. Some of the ectoparasites that 
could be equa11y destructive are Heliσotylenσhus spp. , and TylenσhoY'­
hynσhus spp. 

SYMPTOMS 

Nematodes affecting tomatoes attack main1y the root system. Infec-
tions caused by Meloidogyne spp. and Nασobbus αbeY'αηs are characterized 
by root swe11ings , often called knots or ga11s , that contain the en1arged , 

ρ
』

」
H

+L F?i nu 
'VJ 

+L+L 
F
h
d
.、1

.1.cd 
門
M
J
V
z

n
u
o
」

1lV 
n
v
﹒
可
2

• 

• 
h
H
n
H

戶h
d

+
L
H
U
ρ

」

an n
ν
'

，
.
可
l

ρ
」

n
v

o
」
F
E
n
υ.. 

可

I
O
H
U
-
-
1

.h
υ
+
L
1
l
 

a---­fvuln 
o
」

F
L
n
v
'

GJ
.1 

ρ
」

F
I

，

v
v
n
3

月
u

nHn 
o
α
u
 
z!ny 

vdoa 
門
叫d
i
l

」

oe 1lqd

, 

n
u
ρ
」

ρ
」

」
H
1
l
n
3

+
L
1
l
ρ

」

ao-­n
γ
r
u
-
-nu 

aTLV

,
nlu 

n
H

門U
J

an 『B
E
E
-

『
'
，
-

DSEGS 

eo 
z
l
O
」

n
H

ora 
nDnHU 

VE O+LS sno 
q
d

「d
I
L

e-­fsDI+L 
門
U
2
u

v
'
尸
于1

DjOS 

OL 

een +L+L-­auny --t+Lny c---1 0+L1l 
p
「
)
戶
h
d
﹒
可
I

h
\
d
n仆

s
n
H

A

們
T
i
p
'

α
 

136 



saccate female nematodes. The symptoms caused by the other nematode 
species are distinguished by the absence of feeder roots , stubby roots 
or extensive root pruning , and general root decay. The damage to the 
root system , therefore , reduces uptake of water and nutrients from the 
soil , resulting in stunted growth and low yields. During hot or dry 
weather , affected plants wilt readily because of a very shallow root 
system. 

NEMATODE SPECIES ATTACKING TOMATO 

Some 65 species belonging to 19 genera of plant parasitic nematodes 
are reported (8 , 17 , 20 , 26 , 33 , 43 , 44 , 45 , 47 , 48 , 56 , 62) to attack 
tomatoes in the tropics (Table 1). Eleven species of Heliσotylenchus 
have been identified; followed by 9 species of TyleησhOY'hyησhus ; 8 of 
PY'α tylenσhus ; 7 of Meloidogyne ; 4 each of CY'iσonemo至des -， LongidoY'us -, 

and Xiphinemα ; 3 of TY'iσhodoY'us; 2 each of Dityleησhus -， Hoplolα乞mus _，
Nασobbus -， and sσutellonemα ; and one species each for the other genera. 
Among these 19 genera , Melo王dogyne is the most destructive on tomatoes 
and possibly followed in importance by Rotylenσhulus Y'eniformis -, 

PY'αtylenσhus spp. , Heliσotyleησhus spp. , and TylenσhOY'hyησhus spp. The 
other genera may be considered as minor pests of tomato. 

DISSEMINATION 

The nematodes affecting tomatoes may either be present in the 
fie1ds over 10ng periods or they may be introduced or spread through 
infested transp1ants , farm imp1ements , and anima1s during farm operations 
water such as surface run-off or f1oods; or by strong winds. P1ant 
parasitic nematodes have a1so been spread by farmyard manure p1aced in 
tomato furrows underneath the p1anting rows. 

ROOT-KNOT NEMATODES 

TAXONOMY 

The root-knot nematodes be10ng to the genus Meloidogyne Goe1di , 
1887. Tay10r and Sasser (57) 1isted 37 species of Meloidogyne and 7 
species were reported to infect tomato (Tab1e 1). The Internationa1 
Meloidogyne Project reported that the 4 species which cause serious 
damage on tomatoes occur throughout the wor1d with M. inσogn王tα as the 
most common (59%) , fo11owed by M. jαυα叫σα-' M. haplα-' and M . α凹的“α
with 28%, 8怒 ， and 4%, respective1y (Tab1e 2). Besides the morpho1ogica1 
characters used for species identification (13) , such as 1arva1 measure­
ments or the posterior cuticu1ar pattern of adu1t fema1es , Tay10r and 
Sasser (57) deve10ped the North Caro1ina Differentia1 Host Test to 
i dent i fy the above fou r s pec i es , as \'Je 11 as fou r races of M. inσognitα 
and two races M. αY'enαY'iα (Tab1e 3). 

Melo王dogyne species deposit their eggs in a ge1atinous matrix , 
formed at the posterior end of the adu1t fema1e , that ho1ds the eggs 
together forming an "egg mass" . More than 1 ,000 eggs have been recorded 
in one egg mass , a1though average counts range from 300-400. 
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Table 2. World frequency of Melo王dogyηe spp. 
i denti fi ed by the di fferenti a 1 hos t 
test.凶

Species/Races Population 
No. 

M. 乞nσogn乞tα 260 59 

Race 1 164 37 

Race 2 57 13 

Race 3 26 6 

Race 4 13 3 

M. jα。α:n土。α 125 28 

M. hαplα 36 8 

M. α:reγlα:1"可Jα 19 4 

Race 1 

Race 2 
Other species 4 1 

αCorrespondence from J.N. Sasser , Principal 
Investigator , International Melo王dogyne
Project , May 31 , 1978. 

Table 3. North Carolina Meloidogyne differential host test identification. 

Meloidogyne 0ifferential host plant cultivarsα 
species/races Tobacco Cotton Pepper Water、melon Peanut Tomato 

M. incogγzitα 

Race 1 + + + 

Race 2 + + + + 

Race 3 + + + + 

Race 4 + + + + + 
也. α:1"eγLα:1"可Jα

Race 1 + + + + + 

Race 2 + + + 

M. jαυαη玉。α + + + 

M. hαplα + + + + 

αTobacco cv NC9C5h ;a cotton cv De1ta pf nel6;pepper cv ca1f forn f a wonder ; 
watermelon cv Charleston Gray; peanut cv Florrunner; tomato cv Rutgers; 
+ = ratings of 4 or more; - = ratings of 0, 1.0 , or 2.0. 
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The egg develops immediately after deposition into the first larval 
stage , molts withi n the egg , and hatches as second-stage infective 
larva. After finding its host , it penetrates the root , usually just 
above the root cap , settles near the region of elongation and feeds and 
molts three more times. After the fourth molt , the adult female becomes 
flask-shaped , while the male becomes cylindrical. Adult males , although 
equipped with stylet , are not known to feed , but the females , in the 
feeding process , develop "giant cells" about the head region , stimulate 
hyperplasia , and eventually form a distinct gall. Adult females are 
about 0.4-1.3 mm long x 0.3-0.7 mm wide. In the Philippines (5 , 65) , 
at 25-29oC M. inσognitα females attained the egg-laying stage 15 days 
after larval inoculation of tomato seedlings and a majority produced 
egg masses 18-20 days after inoculation. Field observations show that 
Melo王dogyne females continue to produce eggs for 2-3 months. 

M. iηcogηitα3 M. jαυαη王σα-' M . αY'enαY'iα-' and sometimes M. hαplα 
reproduce by mitotic parthenogenesis (i .e. with no meiosis during 
oogenes i s and the sorr叫ic (2n) number of chromosomes is maintained 
du川 ng maturation of the oocytes). The basic chromosome number of the 
genus is 18 , but populations of M. hαplα with haploid chromosome numbers 
n = 15 , 16 , and 17 have been found . The somatic numbers for M. jαυαniσα 
are 2n = 43 , 44 , 46 , and 48; M . αY'enαY'iα has 2n = 36 and 3n = 54; and 
M. incog叫切 has 2n = 41-44 (59). 

INTERACTIONS WITH OTHER PATHOGENS 

1. With Bacterial Wilt. Melo乞dogyne infections predispose tomato plants 
to faster and more severe bacterial wilt , caused by Pseudomonαs solαηα­
σeαP肌 E.F. Smith . Thus , David (6) , using "Marglobe l l tomato , reported 
25% wilting of plants after 1 wk and 75% after 2 wks following inocula ­
tion with P. solαηασeαY'Um alone , compared to 75% wilting after 1 wk and 
100% after 2 wks following inoculation with the M. inσogn王tα - P. solanα一
σeαY'Um combination . Napiere (3) showed that under both natuy叫 and
artificial inoculation experiments , wilting developed 1-3 wks earlier 
on plants inoculated with the P. solαηασeαY'Um - M. iησognitα combination 
than with P. solanaceaY'um alone. In wilt-resistant cultivars , survival 
was lower by 33-63% in plants inoculated with the bacterium-nematode 
combination over those inoculated with bacterium alone (Table 4) . The 
combined effects of the two pathogens decreased the yields by 16.5 - 23.1 %, 
compared to those inoculated with the bacterium alone. Simi larly , Halim 
(1 8) reported that wounding of tomato roots by M. ασY'itα significantly 
increased the incidence of bacterial wilt in both susceptible and 
resistant varieties. 

2. With Fungi. Orion and Krikun (35) reported that resistance of the 
tomato cultivar , IIGilat 38 11 , was not affected with the inoculation of 
M. jαvαniσα and VeY'tiσillium dαhliαe but , in the susceptible variety , 
IIRehobot 13" , wilt symptoms and vascular discoloration were increased 
after inoculation with the nematode-fungus combination. Where 
Rhizoσ ton乞α solαηi was inoculated after M. 去nσognitα had invaded the 
tomato roots and formed galls and giant cells , the severity of infection 
was i nc內ased (16). 
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Tab1e 4. Percent surviva1 of tomatoes inocu1ated with Pseudomonαs 
solα仰仰的um (PS) and Meloidogyne incogni tα (M I) . 

Surviva1 after 60 days Treatment Ye 11 ow P1 um Venus VC 48-1 VC 11-1 1169 

一一一一一 % 一一-一一一一一一一-一

PS 。 67 89 78 89 

PS + MI 。 33 26 37 41 

PS + MI after 1 wk 。 30 26 41 48 

MI + PS after 1 wk 。 52 37 26 48 

MI 100 100 100 100 100 

Contro1 100 100 100 100 100 

ECOLOGY 

Due to the inf1uence of temperature , the predominant Meloidogyne 
spp. in the tropics are M. iησognitα _， M. jαvαniσα_， and M. αY'enαY'iα; M. 
?也plα is 1imited to higher e1evations. Peacock (39) reported that 1arvae 
and eggs of Melo王dogyne spp. die in dry soi1 but can survive so 10ng as 
there in enough moisture to maintain the soi1 air at near1y 100% humidity. 
It was a1so shown that root-knot nematodes survive , hatch , and reproduce 
over a pH range of 4.0-8.0 , and that optimum pH for egg hatch of M. 
Jαυαη玉σα was between 6.4-7.0 , and inhibited be10w pH 5.2 (61). It is 
genera11y observed that whi1e Meloidogyηe spp. are found in a large 
variety of soi1 types , maximum damage occurs on p1ants grown in 1ight 
sandy soi1s and very 1itt1e on heavy c1ay soi1s. 

CONTROL 

1. Resistant varietie~. Resistance to Meloidogyne spp. may be due to a 
sing1e maJor gene fvertica1 resistance) or to a number of minor genes 
(horizonta1 resistance). P1ants with vertica1 resistance are either 
immune or hypersensitive (i .e. the 1arvae are ki11ed after they start to 
feed or when no giant ce11s are formed; 46). In resistant varieties , 
ga11ing and giant ce11s are rare , infection sites are necrotic , and few 
1arvae deve10p and produce eggs in contrast to susceptib1e varieties 
where a11 infection sites are ga11ed and contain giant ce11s , no necrosis , 
1arva1 penetration in 1arge numbers, and mature fema1es occur in 16-21 
days. In 11 Hawaii 5229" , resistance to M. iησognitα is monofactoria1 
and comp1ete1y dominant and the same gene contro1s resistance against 
M. ωY'itα _， M. aY'enaY'仿_， and M. jα問叫σα (64). However , varieties 
"Nematex" , "Sma11 Fry" , and "Co1d Set" each possess a sing1e gene for 
resistance , dominant in Nematex and Sma11 Fry but recessive in Co1d Set 
(49). Fassu1iotis (15) reported that a11 resistant tomato cu1tivars 
possess the Mi gene and that they a11 derive their resistance from a 
cross "Michigan State Forcing " x LyσopeY'siσon peruvi仰um (P I. 128657). 
This 門 i gene for resistance , however , was shown to operate on1y at 
temperatures be10w 280C (11 , 21). Tomato cu1tivars reported1y resistant 
to the 4 common Melo王dogyne species in the tropics are given in Tab1e 5 
(2 , 10 , 15 , 24 , 30 , 41, 53 , 54 , 64). 
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Table 5. Tomato cultivars resistant to the common tropical 
Mel。土dogyγze spp. 

Meloidogyne αrenaria: Atkinson , Hawaii 5229 , Manaluc帖， Nematex , VFN-8 , 
66 N, 569 N - 10 

M. ασ抖的: Gawaher (Giza 1) , Hawaii 5229 

M. haplα: P.I. 270435 L. peruviαnum 

也. 土γwogγL土七α: Anahu , Anahu R, Atkinson , Beefeater , Beefmaster , Better-
boy , Big Seven , Bigset (H) , Bonus (H) , Bw-21-F1 , Calmart , 
Coldset , Florida-Hawaii Cross , Gawaher (Giza-1) , Gilestar、'
Hawaii 7322 , Hawaii 5229 , Hawaii 7746 , Hawaii 7747 , Hawæi 
55 , Healani , Kalohi , Kewalo , Kolea , Manalucie , Merbein 
Canner , Merbein Early ，問erbein Mid-season , Merbein 
Monarch , Monte Carlo , Nematex , N-52 (H) , Nemared , 
Pelican , Peto 662VFN , Puunui , Red Glow (H) , Ronita , 
Rodeplaat Albesto , Rossol , Small Fry , Sunburst , 
Terrific (H) Tucker、cross K, Vine Ripe , VFN Bush , VNF-8 , 
VNF368 , PI 270435 L. peruvianum~ 66 N, 569 N - 10. 

M. jαυαn王σα: Anahu , Atkinson , Gawaher (Giza-1) , Hawaii 5229 , Healani , 
Kalohi , Nematex , VFN-8 , Manalucie , 66 N, 569 N - 10 , L. 
peruv切ηum strains LP1, LP2' LP3. 

2. Chemica1. Nematicides have long been used for the control of root­
knot and other nematodes affecting tomatoes , and yield increases of 4-
68% have been reported (7 , 12 , 51). However , these chemicals are expen­
sive and may require special equipment. Hence , in tomatoes , their use 
is calculated to reduce the nematode population only to a point where 
maximum profit can be obtained . The most economical and efficient way 
of using nematicides for tomatoes is to fumigate infested seedbeds or 門
nursery beds with methyl bromide , for example , at the rate of .49 kg/10 mι­
In heavily infested fields , apply the nematicides by the row method , 
which reduces the nematicide required by 50-75%/ha. Table 6 shows some 
of the common nemat i cides available in the world market that have been 
used effectively against root-knot and other tomato nematodes. 

3. Cultural Practices. 

a) Crop rotatior1. For crop rotation to be effective in the control 
of root-knot nematodes, the species and races of Meloidogyηe affecting 
tomatoes must first be identified , the rotation crops must be immune or 
highly resistant , and weeds , where many Melo王dogyne species can reproduce , 
must be controlled . While resistant tomato varieties are now available , 
they are not yet as profitable as the commercial ,but susceptible ,varieties. 
Hence , rotation should be planned so that the nematode population is at 
its lowest level be f ore the susceptible varieties are planted. In a 
field infested with races 1 or 2 of M. inσogn王tα~ M. αrenαriα~ M. jαuαniσα3 
or M. hαplα~ cotton is recommended as a rotation crop. However , if the 
nematode species present is not M. hαplα or Race 1 of M. αrenariα~ a 
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susceptib1e tomato crop can be fo11owed by peanuts , which are immune to 
a11 known races of M. inσognitα3to M. jαvαniσα _， and to Race 2 of M. 
α叩門αY'iα (50 ， 5 7). Cerea1- crops , such as rice or corn , are a1so 
effe~tive rotation crops. Netscher (34) reported strawberry as a good 
substitute for peanuts , whi1e Navarro and Barriga (32) recommended p1ant­
ing Tαgetes or Cl'O tαZαY'iα after tomato. 

b) Summer fa110w. Deep p10wing of infested tomato fie1ds during 
summer , accompanied by app1ications of farmyard manure but without irri­
gation , was reported to be effective in contro11ing root-knot and other 
nematodes affecting tomatoes (9 , 58). P10wing at interva1s of 2-4 wks 
exposes the eggs and 1arvae to desiccation , and many in the upper soi1 
1ayers are ki11ed (57). 

c) Addition of organic manures. Chicken manure , app1ied at 7.8 
tjha , reduced root-knot nematode infection in fie1d tomatoes by 50-55%, 
and increased the yie1d by 43% (3 , 12). A1though the actua1 factors 
responsib1e for ki11ing the nematodes are not known , it is genera11y 
be1ieved that the app1ication of organic manures increases the bui1d-up 
of nematophagous fungi , predaceous nematodes , and other soi1 organisms 
that affect the popu1ations of p1ant parasitic nematodes. 

OTHER NE們ATODES

More than 60 other species of p1ant parasitic nematodes have been 
reported on tomatoes but many of these have not yet been studied in 
detai1. The fol1owing species probab1y contribute to 10sses in tomato 
yields. The control measures given for the root-knot nematodes may a1so 
app1y to these nematodes. 

Reniform Nematode~. Rotylenσhulus Y'enifoY'mis is one of the most 
common wide1y distributed nematodes in the tropics. It has a wide host 
range with a high reproductive potential on tomato and other suitab1e 
hosts. Its popu1ation density , even on acidic soi1 with pH 4.5 , is 
usually very high. The damage is more serious to tomato seed1ings than 
to older p1ants. It reduces both top and root growth , is capab1e of 
causing significant yield reductions with popu1ations as 10w as 100jpot , 
and it inhibits popu1ation increase of M. inσogηitα or M. jαvαniσα when 
these nematodes are together (25 , 40 , 52 , 63). It was shown that R . 
Y'enifor可nis is mainly a phloemfeeder and that infested tissues show 
hypertrophy , hyperp1asia , and giant cel1s (55). Al1 the common tomato 
cu1tivars in Egypt were reported by Oteifa and Osman (36) to be suscep­
tib1e , except VFN-8 which was moderate1y resistant. A strain of 
LyσopeY'siσoηp王mpinellifolium (P.I. 375937) was reported by Robois et a1. 
(42)- to have consistent1y shown a high degree of resistance among 10 
cu1tivars tested. 

Root-lesion Nematodes. Tab1e 1 shows 6 species of Prαtyleησhus 
affecting tomatoes. Among these , however , P. peηetY'αns is probab1y the 
most important and we11 studied. A11 lesion nematodes are migratory 
endoparasites and cortica1 feeders. They destroy and ki11 p1ant ce11s 
during feeding , causing 1esions or necrotic areas. Although populations 
of PY'αtylenσhusi are usually not as high as Meloidogyηe or Rotyleησhulus _， 
they are equa11y effective in suppressing root and shoot growth . Slabaugh 
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(56) reported 56% growth reduction in tomatoes while Miller (29) gave 
20-66% compared with 67% in M. inσognitα . When P. penetrαns and M. 
手nσognitα coinhabit tomato roots , the population densities and pathogenic 
effects of both nematodes are depressed compared to monoculture 
populations (14). 

Nematodes of Lesser Importance. Not much is known about many of the 
lesser nematodes reported as parasites of tomatoes given in Table 1. 
Tyleησhorhynσhus spp. , Heliσotylenchus σαvenessi _， H. miσrolobus _， H. 
pseudor obustus _, and Pαpαtylenσhus projeσtus destroy feeder roots and cause 
lesions on large tomato roots , resulting in chlorosis , stunted growth , 
and reduced yields (20). Heliσotylenσhus ηannus was reported by Libman 
et al. (2 7) to be almost as effective as M. hαplα in predisposing infection 
and dev~loping bacterial wilt. Similarly, all parts of germinating tomato 
seeds , hypocotyls , and root tips of grown plants were shown by Jensen 
(20) to be attacked by Dolichodorus 加terocephαZ悶， resulting in poor 
seedling emergence , retardation of growth, necrotic lesions , and stubby 
root conditions. Tomato roots affected by Triσhodorus σhristiei _， T . 
minor _, Longidorus elongαtus _， and L . αttenuαtus lack root cap or region 
of elongation , and also show stubby characteristics. In addition , L . 
elongαtus and L . α tteημαtus serve as vectors of tomato black ring virus. 
Hemicyσ liophora αrenαriα and Xiphinemα divers王σaudαt肌 cause galls on 
secondary and feeder roots. Galls caused by the latter are characterized 
by curly-tip , which is due to the imbalance in cell proliferation on one 
side of the affected root (19). 
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D1SCUSS10N SESS10N 111 (MORN1NG) 

Reynard: 1 read a report that the cultivar Nematex has shown resistance 
to bacterial wilt in some tests in the Philippines? Has this been supported 
by your tests? 

旦旦旦: 1 don't recall Nematex as being resistant to bacter汁 al wilt in 
our confirmation tests. 

Sunarjon~: 1 would like to make a suggestion. After looking into your 
success in screening for bacterial wilt , 1 looked into resistance to 
other diseases , particularly late blight. As you know , in our country 
(Indonesia) this is the most serious tomato disease in many areas. 1 
suggest that you please conduct screening in our country so that you can 
get more valuable and fundamental results on resistance to late blight. 

問uthukrishnan: What is the frequency of leaf curl occurrence in southern 
Taiwan? For example , in southern India it is the predominant virus 
disease affecting most tomato cultivation. 

旦旦旦: We are not working on leaf curl virus resistance. It is not a very 
serious disease of tomato here. 

些旦旦: We have been suggesting individual pesticides or fungicides to 
control pests and disease. An integrated control combines pesticides and 
fungicides. Have you worked on that? 

旦旦旦: We are not working on chemical control of pathogens or insect 
pests with tomato. The most popular fungicide being used by the farmers 
for foliar disease is Dithane. 

Johannessen: Have you used Difolatan or Bravo for your tomato culture? 

旦旦旦: On tomato , the answer is no. However , we did try Difolatan to 
control downy mildew on Chinese cabbage and found that it caused phyto­
toxity at the manufacturer's recommended dosage. 

Johannessen: We have seen herbicide leaf injuries sometimes. We use 
Difolatan and Bravo widely on tomato in California and they greatly 
minimize black mold. 

旦旦旦: Does black mold occur mostly in the field-grown stage of tomato 
cultivation? 

Johannessen: 1t occurs at different times. If tomatoes have sunburn 
and the PTant is weakened , it occurs quite commonly. It appears on 
exposed surfaces in the cooler season. It also occurs commonly after 
rain when there is a lot of fruit cracking. Except for water mold , which 
follows a heavy rain , black mold is our most serious problem. 
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Wilson: Have the causative agents of leaf curl virus been identified? 

Oshima: The causative agents of leaf curl virus have been identified 
by可否有parison with the standard virus which is kept in our institute. 

Caldwel1: After using attenuated TMV-virus , the more virulent type 1 
strain CS2 appeared in tomato plants carrying the Tm-l gene. Could the 
widespread inoculation of the avirulent strain have provided the oppor­
tunity for selection of type 1 mutant occurring at a very low rate in 
the population , as has occurred with the M11-16 avirulent strain in 
England? Are there plans to use a cultivar with all 3 genes for TMV 
resistance (rather than only TM-l) , since this would require an unlikely 
triple mutation of the virus pathogen for resistance to be overcome , and 
thereby would protect all 3 genes for resistance? 

些出旦旦: Japanese attenuated virus did not give rise to such a virulent 
form because the method by which the attenuated virus was made is diffe­
rent from the method in The Netherlands. Our strain was made by heat-
treatment , and the Netherland strain (阿 11-16) was made by the mutagenic 
action of nitrous acid. Attenuated strains of T阿V which 1 made by 
the action of nitrous acid also resulted ín mutation to the severe strain. 
1 think seed companies plan such triple-resistant cultivars , but 1 don't 
know what genes their cultivars bear because Japanese companies do not 
pu b 1 i s h i t. 1 n my experi men ts wi th hybri d toma toes bea ri nÇ1 two or three 
TMV-resistant genes they were more resistant against TMV strains than 
toma toes bea r、 ing only one TMV-resistant gene. 

vill area1: What are the prevalent races of M. inσognitαtn tropical Asia? 

Valdez: We still do not know. The information from Or. Sasser about 
the means of distinguishing these races through differential hosts came 
only about 3 months ago , therefore , we have not worked this out. The 
main problem , however , in tropical Asia is that there are very few nemo­
tologists , probably only one or two in each country. 1 hope there will 
be many more take up nematology so the problem you raised can be answered. 

Steven? : 00 you know i f the Mi gene confers res i s tance to other genera 
of nematode that are important on the tomato? 

旦旦 ld立三: No. Mention in some literature indicated that the Mi gene is an 
important source of resistance to root-knot nematode. But whether it 
can confer resistance to other genera of nematodes , 1 am not aware. 

sunarjon0: Organic manures can control root knot nematodes in tomatoes. 
Experimental results in our country indicated that stable manures in­
creased the population of nematodes. What kind of organic manure can be 
used and how do you apply it? 

Valdez : Chicken manure is the most extensively used organic manure in 
the Philippines. Our repeated surveys show that nematode counts were 
very low in areas where it is most used. 1t is not definitely known 
whether chicken manure has this nematode reducing action. We think that 
chicken manure is a good medium for the multiplication of nematophagus 
fungi which trap the nematodes , thereby reducing the population. 
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Ruelo: In my integrated control work 1 used nematode-trapping fungus 
百五百可sed chicken manure as its substrate . It had a physiological effect 
on the tomato which 1 suspected made the plant tolerant to nematode 
attack. Whenever chicken manure substrate was used , the tomato plants 
showed vigorous growth and good yield . 

O1 i fernes: In the interest of pl ant quar、antine ， may 1 know if Hetero­
derαspp. also attack tomatoes? If so , do we have the nematode already 
around our fields previously planted to white potato and now planted to 
tomatoes in the Philippines? 

Valdez: Not all Hateroderαspp. will attack tomatoes , but the potato 
golden nematode , now known as gZoboderα ， will aso attack tomatoes. This 
nematode is not yet known to be present in the Philippines. 
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EFFECT OF EXCESSIVE WATER) CULTIVAR) COMPOST) AND 

BENZYL ADENINE (BA) AND PERFOR門ANCE OF 

TOMATO PRODUCTION ON TWO SOIL TYPES 

John N. Hubbell , Jr. , R.D. Willi é}m, 
S.M. Lin , Y.C. Roan , and H.A. Hsu~ 

INTRODUCTION 

Tomato , a popular vegetab l e in Asia , is a source of income to sma11 
farm operators and contributes to the nutrition of the consumer (8). 
However , tomato supp1y during the hot , wet season and , hence , the 
contribution to Asian nutrition from tomato ar e 1imited. Because the 
supp1y is limited , the price is high and the economic potentia1 increases. 
In Taiwan the supply drops from over 5 ,450 t/mo in Mar to 227 t/mo in Ju1 
with reported farm-gate prices of US$55/t in Feb and US$474/t in Ju1 
(Fig. 1) (11 ， 12)~ 

During the hot , wet season in the low1ands , high rainfa1l and con­
sistently high temperatures cause 10w yie1ds due in part to poor fruit 
set , high disease incidence (especia11y bacteria1 wi1t , Pseμdomυnas 
solαηασeαrum ; 1) , and excessive water. Improved cultivars that resist 
local strains of bacterial wi1t have been released (4 ,14). 

Based on data from 73 countr汁 es ， approximate1y 67% of the 1and in 
the tropics experience annua1 rainfa11 greater than 1000 mm (7). Tomato , 
like most vegetab1e crops , requires wel1-drained soi1 to maintain soi1 
oxygen 1eve1s adequate for growth and deve10pment (15). Sto1zy et a1. 
(9) demonstrated that photosynthesis in tomato was reduced 50% in 8 . 5 hrs 
when oxygen in the soi1 was rep1aced with N2 in a gas mixture. The growth 
rate of tomato is reduced sharp1y when soi1 oxygen concentration levels 
remain be10w 10% for one month (6). The heavy rainfa11 experienced in 
many areas of Taiwan increases southern b1ight ( ScZerot王山7 roZfsii ). 
Studies conducted in central Taiwan (5) i 刊 icate that the oxygen concen­
tration in the soi1 atmosphere was reduced to approximate1y 4% in the 
top 15 cm of soi1 when 200 mm of rain fell during 5-day periods. At 
concentrations of 2%, tomato plants wi1ted severely and yie1ds were 
reduced. 

To define hot-season conditions for tomato proguction , we required 
that the mean minimum temperature not fall below 220C. After comparing 

αAVRDC Crop Management Specialist , Extension Vegetable Specialist and 
Assistant Professor , University of Florida , and AVRDC Research 
Assistants. We grateful1y acknowledge the assistance of Peter H. Calkins 
of Iowa State University for providing aid in methods of economic 
analysis. 

154 



Volullle (t) 

1
1
1
1
1
l
1
1
1
.
I
μ
/
/
 

// 

I
\
們
V
A
Y

Price (uSS/t) 
600 

500 

400 

300 

.一一. Volume 

.---. Price 

60∞ 

5000 

40∞ 

3∞。

200 

100 

20∞ 

1∞o 

。J F 

1. Fresh market tomato transaction volume and 
farm gate prices; Taiwan , 1977 (11 , 12). 

N 0 。S J A M J A " 
。

Fig. 

statistics (13) with weather data (10) , we determined that this require-
ment is met in Taiwan only in Changhua , at least during the first two 
months (Aug arrd Sep) of planting. During this time the rainfall decreases 
rapidly from 211 mm in Aug to 59 mm in Sep. By Oct , the minimum temper­
atures are below 22 0 C and the rainfall continues to decrease to create 
good weather conditions for tomatoes. Rainfall is probably the major 
factor which rletermines if an area can produce tomatoes under hot-season 
conditions , and the rainfall in Changhua probably represents a lower 
limit. 

Other areas in Taiwan which have similar temperatures , (e.g. , Tainan 
county , where AVRDC is located) , do not grow tomatoes in Aug (Fig. 2). 
Over a 20 yr period , rainfall in Yungkang , 12 km south of AVRDC , averaged 
343 mm in Aug and 179 mm in Sep (Fig. 3). Further south , Tainan City 
averages higher precipitation with similar temperatures. 

Because improvements in disease resistance as well as in fruit 
setting ability under high temperatures are now being made available in 
new cultivars , extending lowland tomato proQuction seasons into the 
rainy months when tomatoes bring highest prices becomes a possibility if 
proper wet season management is developed. 
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Initia1 studies in management at AVRDC (2 ,3) indicated that cu1tura1 
management practices shou1d inc1ude raised beds , (30 cm) with compost 
(20-40 t/ha) in the center , prepared by buffa10 and fo11owed with an 
app1ication of rice straw mu1ch (5-10 t/ha) to prevent soi1 erosion and 
soi1 compaction. For determinate tomato 1ines , stakìng or tre1lising 
did not promise to increase yie1ds significant1y over simp1e mu1ched 
p1ots. Mu1ch adequate1y serves to separate the fruit from the moist 
soi1 when the fruit is harvested at the mature green stage. Physio1ogica1 
experiments in the greenhouse suggested that benzy1 adenine (BA) might 
ame1iorate the effect of excessive water (3). 

MATERIALS AND METHODS 

After considering the cu1tura1 management practices , we se1ected 
certain factors about which we needed economic data in addition to yield 
data. We conducted a set of summer tomato production tria1s at AVRDC in 
1977 and 1978 to determine the effect of these factors on the performance 
and net benefit of summer tomato production. Each summer the tria1 was 
repeated in two 10cations - at AVRDC on 10am and at nearby Shanshang on 
sand. The soi1 ana1ysis is shown in Tab1e 1. 問ain p10t treatments were 
arranged factoria11y. One main p10t factor was with (to represent the 
wettest 10cations and/or the wettest months) and without excessive water; 
and the second was with and without BA. Based on resu1ts of the 1ate-
wet season p1antings , we rep1aced the BA treatment with a 10ca11y avai1-
ab1e commercia1 fo1iar spray , BASF Fetri1on-Combi , containing 4% Mg , 
1.5% Mn , 1% Fe , 0.5% Cu , 0.5% Zn ~ 0.3% B, and 4.3% S , and app1ied at the 
rate of 1 part Fetri1on-Combi to 1000 parts water by spraying unti1 run­
off at 1 ,3 ,6 , and 9 weeks after transp1anting. Subp10t treatments were 
cu1tivars ~- CL11d and White Skin (WS). CL11d sets fruit we11 under 
high temperatures. WS requires spraying with a fruit-setting hormone 
and staking , pruning , and tying. These operations add to the production 
costs. Sub-subp1ot treatments were compost -- with (20 t/ha) and without. 

Table 1. Soil properties of loam (AVRDC) and sand (Shanshang) plots. 
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5.2 0.03 0.68 0.04 188 104 92 6 3 

By measuring means of yie1d and calculating net benefits for each 
treatment , we tested the following hypotheses concerning treatment 
effects: 

1. AVRDC's CL11d produces a higher yield and net benefit than WS. 
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2. Applying compost to the bed center increases yield and net 
benefit. 

3. Excessive water reduces yield and net benefit. 

4. A tomato production system on sand produces higher yield and net 
benefit than one on loam during the rainy season. 

5. BA increases yield and net benefit. 

If any of these hypotheses proved acceptable , we also hoped to gather 
limited quantitative estimates of the effect. 

In 1977 , tomato seedlings were transplanted on Aug 27 during the 
late hot , wet season and harvested weekly between Nov 3-29. A similar 
experiment in May during the earl y hot , wet season was destroyed by a 
typhoon. A second planting in Jul was destroyed by a second typhoon. 
In 1978 , transplantings were made on May 2 and 3 at Shanshang and AVRDC , 
respectively , and harvested weekly in Shanshang between Jun 29 - Jul 26. 
Cultural practices recommended by AVRDC for the tropical rainy season 
were followed except in the treatments requiring deviations from 
recommendations. WS was staked and CL11d was not. WS was sprayed with 
a fruit-setting hormone (Tomatotone , 0.15% F-chlorophenoxy acetic acid) 
every week. All beds were prepared by buffalo , the method preferred 
under wet conditions. Bed height was a relatively high 30 cm raised bed. 
In the Aug , 1977 plantings , excessive water treatment consisted of 200 mm 
of furrow irrigation water applied Oct 6 and Nov 7. This additional 
water plus the late wet season rainfall approximated the average high 
rainfalls experienced during the early wet season at AVRDC. In the May , 
1978 plantings , excessive water treatments were 200 mm of furrow irri -
gation water applied Jun 28 after the second flower cluster , and Jul 6 
after the third harvest. The compost treatment consisted of placing 
20 t / ha of rice-straw compost under the center of the bed at formation. 
Compost was from winter mushroom production and analysis included 0.56% 
N, 0.1~% _P205' and 0.23% ~20~ _ BA treatments consisted of spray i ng 50 ppm 
BA on foliãge until run-off 24 hrs after excessive water treatment. 
Approximately 5 t/ha of rice straw mulch was applied at planting time 
to produce a 2-cm thick layer. About 5 t/ha more was applied 6 weeks 
1 a ter. 

We recorded cost of materials and labor required for operations 
(i .e. applying compost , staking and pruning , applying fr叫 t-setting
hormone , and harvesting). 

In addition to collecting agronomic and economic data from our 
experiments , we gathered similar data from AVRDC contract farmers , two 
local farmers who plant various crops including tomato on AVRDC land 
and use their traditional management practices. 

RESULTS 

OVERVIEW 

Out of 6 plantinqs in 1977 , 4 were destroyed by typhoons. Of the 
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first 2 plantings in 閃ay 1978 , one yielded one harvest , the other , 4 , 
before succumbing to southern blight. 

YIELDS 

Cultivar. The yield of CL11d averaged 38 and 31 t/ha or 1.4 and 
1. 5 times the average of WS on loam and on sand , respectively (Tables 
2 and 3) . This is a highly significant increase in yield over the 
farmers ' cultivar. There was a siqnificant interaction between cultivar 
and compost. WS responded more to the addition of compost than did 
CL11d. The 1978 yields were much lower , but once again CL11d ' s yield 
represented a highly significant increase over WS. The yield of CL11d 
was 3 times that of WS. 

Table 2. Means of yi臼eld (付t/卅ha叫) b句Y t甘r內嘲啥e臼at枷ments 一 H岫ate巴F戶耨， c叫ul ti var** , and c∞o叩m叩p仰os討t** 一
for summer tomato production on loam at AVRDC and sand at Shanshang , 1977. 

- - - - - - - - - - - Loam - - - - - - - - - - - - - - - - - - - -
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28.5 24 .9 46.6 29.5 
些血坐坐坐盟坐 坐且~!坐坐血型些血坐坐坐旦旦控盟坐坐坐血型

31.1 25.8 30.6 19.2 50.8 42.4 34 .5 24.5 

- - - - - - - - - - - - - - - - - - - - - Sand - - - - - - - - - - - - - - - - - - - -句

26 
Excess Water -- No Excess Water、

24.3 28.3 CL 11 d - . . - rlS CL 11 d -- . - WS 

28. 7 19. 9 34. 3 22. 3 
些旦旦1 世坐且堅1 些旦旦1 坐坐盟些i 包且堅1 世些且堅t ~旦旦t No Compost 

37.1 20.2 25.6 14.2 43 .4 25.2 28.7 15.9 

Table 3. Means of.yield (ton/ha) by cultivar , water , and compost 
treatments on loam and sand , 1977. 

- - - - - - - - - - - - - - - - Loam - - - - - - - - - - - - - -
Excess water* 但也堅t**

CU1 tivarH Yes No Yes No Means 
ws 25 29 33 22 27 
GL 11d 28 47 41 34 38 

一 一Means 27 38 37 28 32 

- -.- - - - - - - - - - - - - Sand - - - - - - - - - - - - - -
Excess 關te戶 些盟堅1峙

Gu 1 ti var** Yes No Yes No Means 
WS 20 22 27 15 21 
CL11d 29 34 

22 28 

40 23 

34 19 

31 

Means 26 

* INTE RA CTI ONS : CULTI VAR X WA TER* ON LO AM AN D CULTI VA R X COM POS/ 

。N SA ND 
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Compos~. Application of compost caused a highly significant increase 
in yield. Yields for composted plots were 37 and 34 t/h~ ， or 1.3 and 
1.8 times those plots not receiving compost in bed center on loam and 
sand , respect!~ely (Table 3). These increases were highly significant. 
Again , the 1978 trial resulted in the same significant differënces 
between means for composted and non-composted plots (Table 4). 

Table 4. Means of yield (t/ha) by compost and cultivar 
treatments on sand , 1978. 

Cu1ti var 
Compost means 榮譽

Cu1tivar Yes No 

CL11d 6.2 3.4 4.8 

ws 2.1 1.0 1.6 

Compost means~ 4.2 2.2 3.2 

INTERACTION: CULTIVAR X COMPOST * 

也些主. Excess water caused highly significant y、eductions in yield , 
as expected. According to Table 5 , sand as compared to loam had , under 
normal conditions , slightly higher oxygen concentrations. And 24 hrs 
after excess water , sand exhibited a smaller drop in percent of oxygen. 
Composted plots averaged higher oxygen concentration in loam at 4 and 
24 hrs after treatment. Also , excess water caused highly significant 
wilting on loam but not on sand (Table 6). The add{tion of compost 
caused a highly significant reduction in number of wilted plants. 
Temperatures at 5 and 15 cm depths were the same in composted and non­
composted plots. We concluded that , in the loam plantings , compost 
reduced the drop in oxygen concentration caused by excess water. 

Table 5. Oxygen concentrations (% ) in loam and sand profiles 24 hrs after 
application of 200 mm of water. 

Treatments Depth 
Water Compost 0-10 cm 10-20 cm 20-30 cm 30-40 cm Average 
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Tab1e 6. Means of percent of p1ants wi1ted 7 days after 
first 200 mm excess water treatment , si1t 11 , 1977. 

Compost 
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NO 
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Compost means** 

Water means** 

15 4 

28 10 

22 7 

叩
叩
一
叮

11 Sand p1anting had on the average 1ess than 1 percent of 
p1ants wilted. 

50i1. Yie1ds on 10am were genera11y higher than those on sand. 
Reduction in yie1d due to excessive water was 1ess on sand. Increase in 
yie1d due to compost was greater on sand (Tab1e 7). This suggests that , 
under rainy conditions , sand wi11 provide better drainage and aeration 
but ferti1ity 1eve1s must be increased to compensate for 10wer ini , tia1 
soi1 ferti1ity and for greater 1eaching of nutrients from the soi1. 

Tab1e 7. Means of yie1d (t/ha) by water and compost treatments for 
10am and sand , 1977. 

- - - - - - - - - - Loam - - - - - - - - - - - - - - - -

Excess Hater‘ Compost means** 

些且堅1 Yes 

Yes 31 43 37 
No 23 33 28 

\~ater、 means著 27 38 32 

- - - - - - - - - - - - - - Sand - - - - - - - - - - - - - - - -

Excess Hater、 Compost means** 

些且堅i Yes 
Yes 31 36 34 
No 17 21 19 

Water means* 24 28 26 

BA and Fetri1on-Combi. BA fai1ed to have a significant effect on 
yie1d in the 1ate-wet 1977 season. Because yie1ds were genera11y 10wer 
on sand , we tried using Fetri1on-Combi in the ear1y-wet 1978 p1anting 
season. 1 t had no effect on the yi e 1 d. 

NET BENEFIT 

Cu1tivar. Net benefit was ca1cu1ated as revenue 1ess variab1e 
costs , where revenue equa1s p10t yie1d times farm-gate price. The costs 
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associated with cu1tivar WS for staking , pruning , tying , and spraying 
with fruit-setting hormone averaged US$1167/ha; with compost , US$132/ha. 
Labor and water for excess water treatment was not considered. The 
price of WS in Nov 1977 was US$264/t. Loca1 who1esa1ers offered 
US$130/t for CL11d. The price difference was due to (1) the appearance 
of CL11d and (2) CL11d not being known on the market. Whether CL11d is 
capab1e of commanding a future price comparab1e to WS depends on the 
consumer's acceptance of its appearance and f1avor. Fruit size may be 
a factor in consumer acceptance. Individua1 fruit weight of WS was 1.4 
times that of CL11d on 10am and on sand for the Aug planting , a high1y 
significant difference (Tab1e 8); but there was no difference in fruit 
size for the May planting. A1though the yie1d of the Aug p1anting of 
CL11d averaged 1.5 times that of WS , which required an additional cost 
of over US$1000/ha to produce , the net benefit of WS was 1.3 times that 
of CL11d on 10am (Tab1e 9). The difference in net benefit due to cu1tivar 
was not significant on sand in Aug. However , in May , when yields were 
lower overall due both to 3.7 times the precipitation and to higher 
temperatures , the net benefit of CL11d was 4 times that of WS (Tab1e 10). 

Tab1e 8. Means of average fruit weight (g) , by cu1tivar , water , 
and compost treatments on 10am and sand , 1977. 

- - - - - - - - - - - - - - - Loam - - - - - - - - - - - - - -
Excess W拋at甘er輔 Composf持

Cu1 tivar** Yes No Means 
ws 48 52 52 48 50 
CL 11d 32 40 37 35 36 

一

Means 40 46 45 41 43 

- - - - - - - - - - - - Sand - - - - - - - - - - - - - - -
Excess Water** 些且堅tns

Cultivar** Yes No Yes No Means 
ws 40 43 43 40 41 a 

CL11d 27 33 30 30 30 

Means 34 38 37 35 36 

a 1978 means were 31 and 29 for WS and CL11d , respectively. 

Compost. We conc1uded that compost more than pays for itse1f. In 
1978 , the application of compost increased net benefit by US$1800 and by 
US$2600 on 10am and on sand , respectively (Table 11) , high1y significant 
increases. Also , compost increased net benefit signif i cant1y in 1978 
early-wet season. There was a significant interaction between cu1tivar 
and compost. Both cu1tivars benefited from compost , but WS benefited 
much more that did CL11d. 

Water. Excess water caused high ly significant reductions in net 
benefit in the late-wet season p1antings , but not in the early-wet 
season. As with yie1d , reduction in net benefit due to excess water was 
1ess on sand (Tab1e 12). The addition of compost reduced the bad effects 
of excess water in both soi1s. 
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a/ ... b/ 
Table 9. Means 0• net benefit (USS/ha) by treatment - water':::, cultivar':::, and compost':::一

for summer tomato production on loam at AVRDC and sand at Shanshang , 1977. 
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Table 10. Means of net benefit Wst/ha) by cultivar , water , and 
compost treatments on 10am and sand , 1977 . 

- - - - - - - - - - - Loam - - - - - - - - - - - - - -
Excess viater、H Compost提勢

Cultivar* Yes No Yes No Means 
I~S 5200 6400 7100 4400 5800 
CL11d 3500 5800 5000 4300 4600 

Means 4300 6100 6100 4300 5200 

- --- - -一- - - - - - - - Sand - - - - - - - - - - - -
Excess 11ater、H Compost"'.". 

yes No Yes No 
3800 4500 5700 2600 

Cu1 ti var i揖

WS 
CL11d 3500 4200 

3700 4300 

4900 2800 

5300 2700 Means 

Tab1e 11. Means of net benefit (USS/ha) by compost and cu1tivar 
treatments for sand , 1978. 
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Table 12. Means of net benefi t (USS/ha) by water and compost 
treatments for loam and sand , 1977. 

- - - - - - - - - - - - - - Loam - - - - - - - - - - - - - -
Excess Water Compost means-

且也i Yes No 
Yes 5200 7000 6100 
No 3500 5200 4300 

Water means- 4300 6100 5200 

- - - - - - - - - - - - - - Sand - - - - - - - - - - - - - -
Excess Water Compost means-

E旦mpost _les No 
Yes 4900 5700 5300 
No 2400 3000 

Water means- 3700 4300 

坐立. Net benefit for plots on loam were generally higher than 
that for plots on sand. 

BA and Fetrilon-Combi. Because- BA and Fetri lon-Combi fai 1 ed to 
have effects on yield , we concluded that they would not be effective in 
increasing net benefit. 

COMPARISON OF TOMATO PRODUCTION SYSTEMS 

We selected the production system which included compost , CL11d , 
and no excess water for comparison with other tomato production systems 
in Taiwan. For that system , the average yield in the late-wet season 
was 51 tjha. Labor costs were calculated with current wages at AVRDC , 
whi ch are lower than those in major vegetable producing areas. According 
to AVRDC survey data , the other fresh market tomato production systems 
spent more on staking , fertilizers , and pesticides , and more on labor 
and used more labor. The AVRDC contract farmers who plant processing 
tomatoes in Oct have expenses comparable to those involved in growing 
the determinate CL11d (Table 13) . 

DISCUSSION 

CONCLUSIONS 

Cultivar. CL11d outyields WS; but because of the current price 
difference , WS is more profitable than CL11d at the end of the hot , wet 
season , if planted on loam. CL11d is more profitable during the hot , 
wet season. Selection of a cultivar determines the tomato production 
system used. An indeterminate cultivar like WS requires more mater、 i a 1 
and labor. If labor continues to increase in cost , or becomes unavail-
able , CL11d or a similar cultivar will prove more profitable than WS 
under all conditions. 

Compost. Application of 20 tjha of compost in bed center is a 
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Table 13. Produdion budget for summer tomato for AVRDC and local management systems. 

Item AVRDC
a 

Changhua TaipEiEc Nantou 
bc 

Processing 

Yield (ton/ha) 51 69 40 26 53 
Price (U S$/ton) 130 100 370 330 33 
Revenue 6,630 6,939 14 ,939 8,451 1,753 

Expense (uS$/ha) 
Material 941 2,486 1,623 3,377 388 
Labor、 884 5,009 5,355 4,888 793 
other 0 538 2的 180 188 
Total 1,825 8,033 7,182 8,445 1,369 

Net return 
(USS/ha) 

4 , 805 - 1, 094 7,774 6 

a Crop managellent data ，且11d planted w1th compost August 25 , 1977. 
b A VROC survey da ta , 1977. 
c Upland. 
d A VROC contract farmers winter、 1977-1978.

384 

d 

re1ative1y 10w price input which increases yie1d and net benefit by 
30%- over 90%. 

Water. Compost , and choice of soi1 , and perhaps cu1tivar can 
ame1iorate the effects of excess water. 

RESEARCH DIRECTIONS 

Cu1tivar. CL11d is superior in heat-to1erance and yie1d to WS but 
fai1s to command as high a farm-gate price. We need to determine if this 
difference is due to character、 istics such as fruit size , taste , co1or , 
etc. , or because CL11d is an unfami1iar commodity. If the 1atter , can 
a program introduce such a cu1tivar successfu11y to the consumer? If 
the former , the breeders need to deve10p a cu1tivar which , in addition 
to superior heat-to1erance in its fruit-setting abi1ity and yie1d , 
inc1udes desirab1e fruit size , taste , or whatever is 1acking. 

Compost. Of the management practices examined here , c1ear1y 
p1acing compost in bed center is worthwhi1e. There is a need to identify 
appropriate and economica1 methods of correcting low ferti1ity due to 
1eaching in the wet season or due to choice of soi1. 
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ROLE OF TOMATO IN MULTIPLE CROPPING 
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INTRODUCTION 

Tomato is one of the most popular vegetables in Taiwan. Although 
wild tomato was first found on this island long ago , the improved commer-
cial cultivars were introduced from Japan in 1895 , and the tomato re-
search and extension programs have been carried out by our experiment 
stations since 1909. Tomato acreage in Taiwan has increased steadily from 
500-600 ha in the 1940 ls to 8 ,146 ha in 1976 and 199 ,391 tons of total pro­
duction - 60% fresh-market and 40 % processing tomatoes. Most of the 
fresh market tomato is grown winter to spring on paddy fields , and the 
processing tomato is grown mainly on the upland fields of southern Tai­
wan. Increasing demand in local and foreign markets and the success of 
improved varieties and cultural practices have encouraged skilled farmers 
to plant summer and autumn fresh market tomato in the coo1 highlands or 
on shifting paddy rice fields. Recent1y , a strong export market has 
encouraged rapid expansion of processing tomato rotated with sugarcane 
or sweet potato in the southern high1ands. 

This report wil1 introduce Taiwanls present tomato crop seasons and 
cropping patterns , and discuss the problems of adopting tomato in mu1ti­
p1e cropping systems. 

TOMATO SEASONS AND CROPPING PATTERNS IN TAIWAN 

The crop seasons are based on the fruit producing periods: spring 
(Feb-Apr) , summer(May-Ju1) , autumn(Aug-Oct) , and winter(Nov-Jan). The 
transaction vo1umes and average prices of fresh market tomato in the 
different seasons are shown in Table 1. 

SPRING TOMATO. 

Sowing : Ear1y Oct 

Transplanting : Ear1y Nov 

Harvesting :州 d-Jan - Early Mar or Mid-Apr 

αDirector ， Taichung District Agricultural Improvement Station , Taichung , 
Taiwan , ROC. 
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Tab1e 1. Transaction vo1umes of tomato and average _ 
prices in different seasons; Taiwan , 1972-77. ~ 

Crop Transaction volume Average price 

-1000 t- -%- -U5$/kg-

5pring 8.8 41. 15 0.066 

5ummer 2.0 9.54 0.152 

Autumn 2.2 10 . 12 0.233 

Winter 8.4 39.19 0.109 

αRef. 4. 

Most fresh market tomato is produced in spring. Japanese or 10ca11y 
b r e d m e d i u m t 0 1 a r 9 e t 0 m a t 0 c u 1 t i va r s (" H 0 k a n 3 ", 11 N 0 n gy 0 u 505 ") a r e 
common1y p1anted. 5ince the coo1 dry weather makes tomatoes grow without 
too much difficu1ty , high yie1ds of good qua1ity tomatoes (which bring 
low market prices) are characteristic. 

There are two patterns for fresh market tomato (Fiq. 1): doub1e 
cropping on rice fie1ds , and single cropping on rice fie1ds. In the 
double cropping system , tomato is transplanted after the rice harvest or 
relay-interplanted before harvesting the 2nd rice crop. The harvest is 
terminated before transplanting the 1st rice crop. The spring tomato 
harvest may be prolonged to mid-Apr and the time of good market prices. 
In s uch cases , the rotation pattern wi1l change as follows: 2nd rice 
crop (Ju l-0ct) spring fresh market tomato (Nov-mid-Apr) - cucumber, 
kidney bean , or cabbage (mid-Apr-Jun). This cropping pattern is the 
same as the s ingle rice and tomato pattern. 50 , these two patterns can 
be applied according to the favorable market price. 

Second ri ce crop_ 
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Fig. 1. 5pring tomato cropping patterns in Taiwan . 
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SUMMER TOMATO. 
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Summer fresh market tomato is main1y distributed on the highland 
paddy fie1ds. As it is difficult to grow tomato in the low1ands during 
the hot-wet summer , farmers in the coo1 high1ands rep1ace paddy rice with 
summer tomato for increased income. Heat-to1erant and disease-resistant 
cu1tivars , IIPaisu" , "Nongyou 4" ," Kyokuko" , are normally p1anted. After 
one year of the summer tomato (late Apr - late Aug) - corn , cabbage , 
sweet pota to (Sep- Oec or next Feb) pa ttern , the fi e 1 d wi 11 be put back 
to double cropping rice for 2 or 3 years in order to contro1 soi1 borne 
diseases (Fig. 2). However , summer tomato is a1so p1anted on the 10w1and 
paddy fie1ds in Changhua , but the p1anting time is about one month 
earlier than in the highlands. Because of high temperature and excess 
moisture during the fruit setting period , the app1ication of p1ant growth 
regu1ators is required for the above-mentioned cu1tivars in the l owlands. 
The hormones , para-ch10rophenoxy acetic acid (Tomatotone) or 2 ,4-0 , are 
sprayed on the flower c1usters at flowering. Besides , mono-cropping on 
paddy fields , some summer tomato is interplanted on the perennia1 leek 
fields by the specialized vegetab1e growers in Changhua county. 
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Fi~ . 2. Summer t omato croppin g patterns in Taiwan. 
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AUTUMN TOMATO. 
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In contrast with summer tomato , the autumn tomato is adverse1y 
affected by high temperature andjor excess moisture before fruit-setting. 
Specia1 cultura1 practices with p1ant growth regu1ators are used in 
autumn. Instead of p1anting the 2nd rice crop , autumn tomato is grown 
on 10wland and high1and paddy fie1ds as mentioned above (Fig. 3). 
Sometimes , the harvesting period continues to next Jan on the 10w1ands 
whenever the price is high. New1y developed determinate cu1tivars by 
AVRDC can be transp1anted in mid-Jun and have a short harvesting dura­
tion , about 35 days from mid-Aug to ear1y Sep. 

T~e most common cropping patterns with autumn tomato are first ri~e 
crop (Feb-Jun) - autumn tomato (Jun-early Nov or pro1onged to 1ate Jan) , 
and first rice crop (Feb-Jan) - autumn tomato (Jan-Oct) - winter vege-
tab1es (Nov-Feb). Autumn tomatoes , row interp1anted simu1taneous1y with 
other vegetables such as green pepper and cauliflower , are planted on 
raised beds in Changhua. The fie1d shou1d be put back to paddy rice 
after one or two years of tomatoes in order to restore soi1 fertility 
and control diseases. 

///ill\ Autumn tomato 
A---

First rice crop 
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Afl出mn toma區-

Autumn tomato 
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Fig. 3. Autumn tomato croppinq patterns in Taiwan. 
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WINTER TOMATO. 
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Transplanting: Mid-Sep 

Harvesting Mid-Nov - Late Jan 
or Mid-Mar 

Early Dec - Mid-May 

Tomato is not grown in the highlands during winter due to low tem­
peratures. The period Qf fruit setting in winter is subject to relatively 

。low temperatures (15-20
V C). In order to obtain large , high quality fruit , 

t h e J a p a n e s e c u 1 t i va rs 11 H 0 k a n N o. 1- 2 11 , 11 Ky 0 k u k 0 11 , a n d 11 H i k a r i 11 , 0 r t h e 
local cultivars , IINongyou 707

11 or 11505
11 , are planted extensively. 

For fresh market tomato , the production areas are distributed on the 
paddy fields of central Taiwan. Following the first rice crop or summer 
vegetables , tomatoes are planted in mid-Sep and are a substitute for 
the second rice crop. Following the harvesting of first rice or summer 
vegetables , the winter tomatoes are transplanted on the double rice 
cropping area instead of planting a second rice crop. Therefore , the 
cropping pattern is first rice (Feb-Jun) - summer vegetables (Jul-Aug) 
- winter tomato (Sep-Jan). The tomatoes will be harvested from mid-
Nov to late Feb or extended to mid-Mar , when the market price is good 
(Fig.4). 
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Fig. 4. Winter tomato cropping pattern in Taiwan. 
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In the 3 year rotation area , the cropping patterns for processing 
tomato are: (1) first rice (late Feb to late Jun) - early processing 
tomato (Sep to mid-Feb) , (2) intermediate rice (late May to mid-Sep) -
standard processing tomato (early-Oct to mid-Apr) , and (3) second rice 
(early Jul to mid-Oct) - late processing tomato (early Nov to mid-May). 
However , in the upland area of southern Taiwan the farmers grow processing 
tomato as a mono-crop rotated with other upland crops , such as corn , 
mungbean , sesame , or watermelon , or interplant between rows of sugar-
cane. For extending the supply of raw mater汁 als to tomato processing 
factories , the planting time may be adusted from early Sep to early Nov. 
As a result , the processing tomato harvest will extend 6 months (Dec to 
May) compared with 3 months for the standard crop season (mid-Jan to 
mid-Apr). The cultivars , "Morioka No. 7" ,“ Roma" , "TK 2" , "Chico No. 3" , 
and newly developed AVRDC strain , CI 11-0-2-2-0-3 , are commonly planted 
by farmers. 

ROLE OF TO門ATO IN MULTIPLE CROPPING SYSTEMS 

The cool-dry weather from Oct to Mar is favorable for tomato pro­
duction concentrated in the winter-spring season. The development of 
heat tolerant , disease resistant cultivars , and improved cultural 
practices will enable commercial production of tomato year-round. 

The normal growing period of tomato is about 4 months. Pruning and 
training the indeterminate cultivars , shortening by topping at the low 
flower clusters , or adopting determinate cultivars will extend the har­
vest duration from 45-60 days to 120-150 days. This means that tomatoes 
can be p rogrammed as ei ther、 a long duration or short duration crop in 
sequential cropping. 

Different crop seasons and durations increase the possibility of 
introducing tomatoes to multiple cropping at the point when ma ximum re­
turn can be obtained. Farmers commonly shift the first rice crop to the 
summer tomato or the second rice crop to the winter tomato , and extend 
the harvest duration of winter tomato from Nov-Jan to Nov- 阿a r or Apr. 

INTENSIFICATION THROUGH INTERCROPPING 

Tomatoes are commonly interplanted between rows of long duration 
crops (e.g. sugarcane on the uplands or leek on intensive vegetable farms). 

According to the Taiwan Sugar Research Institute (5) , interplanting 
yielded not only about 40 t/ha of tomatoes but also a 2-10% increase 
in sugarcane resulted when residuaí stems and leaves were plowed back 
into the field. 

On leek vegetable farms , the fresh market tomato is transplanted to 
the ridges of raised beds with stakes covering the furrow (Fig. 5a). 
Yield is commonly 30-40 t/ha. There is no difference in leek yield between 
intercropping and mono-cropping leek. 
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a Intercropping as a short plant. 

1.20 m 

b Intercropping as a tall plant. 

l... 0.6 m 山

Tomato 
/Green pepper 

Cauliflower 
4 

1.80 m hu 0.6 m ..1 

Fig. 5. Tomato intercropping. 

Continuous vegetable production on the raised bed with furrows for 
in-paddy drainage is usually adopted on the fully irrigated areas in 
central Taiwan. Summer tomatoes are planted on both edges of the raised 
beds and staked , pruned , and trained. One row of green peppers (medium) 
and one row of cauliflowers are grown simultaneously to establish a better 
structure (Fig. 5b). 

To avoid delaying the planting of subsequent crops , relay-interplanting 
of tomato 2 weeks before the rice harvest has been adopted by farmers. Now , 
with the release of the early-maturity rice cultivars , "Tokyo No.1" , this 
kind of labor-intensive planting is seldom observed. On theotherhand , 
relay-intercropping on raised beds in intensive vegetable farms is commonly 
adopted. 

Vine vegetable crops , such as peas , asparagus beans , kidney beans , 
etc. , are interplanted 2 weeks before the end of tomato harvest to uti-
lize the stakes already set. Other vegetables , such as cabbages or cauli­
flowers , are also relay-interplanted before the end of the tomato harvest. 
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INTENSIVE MANAGEMENT. AND FAMILY LABOR 

Tomato is one of the most labor intensive crops in Taiwan (1-4). It 
requires about 5000 man-hrs/ha to produce fresh market tomatoes in winter. 
This is about 8 times the labor needed in the first rice crop , and about 
4 times the labor of competitive vegetables such as cauliflower or cab­
bage. 

Since management of fresh market tomatoes needs skilled labor in 
staking , pruning , training , or harvesting every one or two days , labor 
is distributed evenly throughout the growing period. Tomato growing will 
not require a concentration of labor in a short period. Such an inten­
sive and even labor distribution enables the family labor to be fully 
utilized. The components of labor are almost entirely family labor , 
and hired labor forms only 8% compared with the total (Table 2). 

Table 2. Labor components for various vegetables in Taiwan , 1977. α 

Labor reguirement Gross Tota 1 Net Farm 
Total Self Hi red Ha rves t return cost return income 

一一一一- hrs/ha 一一一一一一 一一-一一 US$/ha 一一一一-

Fresh tomato 4,815 4,415 400 1,467 4,857 4,657 200 3,000 
1st Ri ce 602 366 236 110 1,486 1,234 252 544 
Soybean (w)b 470 226 244 101 706 682 24 158 
Corn (w) 543 371 172 170 799 797 2 223 
Watermelon (s) 1,277 1,043 234 157 1,826 1,379 447 1,069 
Cabbage (w) 1,265 1,101 154 698 1,760 1, 786 -26 761 
Pea (w) 1,407 1,407 299 1,764 1,572 192 961 
Cauliflower (w) 1,597 1,420 177 1,420 2,244 1,976 268 1, 191 

αRef. 4. b w = winter , s = summer. 

However , extensive management , short harvest time , and lonq inter­
vals between harvesting periods (every 7-15 days) for the processing 
tomato will reduce labor requirements to 1 , 750 man-hrs/ha and 
increase the dependence on hired labor to 51 %. 

The even distribution of intensive seasonal labor for tomatoes will 
absorb more family labor than other crops and increase the family farm 
earnings. Therefore , adopting the tomato in multiple cropping patterns 
wil1 be most suitable for small-scale farmers with surplus family labor. 

HIGH RETURN AND CONTINUOUS CASH INCOME 

The net income of winter fresh market tomatoes is US$200/ha (4). 
This value is not the most profitable among the annual crops grown in 
Taiwan. The farmer's earnings from family laborare included in the net 
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return and the farm income amounts to US$3 ,000jha. This farm income is 
significantly higher than that of other crops , including rice , other 
field crops , and vegetables. 

Since the fresh market tomatoes set fruit over a period of 2-4 months 
and harvest is every 1-2 days , the grower can get continuous cash income 
for several months. Such an advantage will encourage small-scale farmers 
to adopt the tomato in a multiple cropping pattern. On the other hand , by 
intercropping tomato with sugarcane , farmers can get extra income in the 
early growing stages of sugarcane instead of no income on sugarcane 
monoculture for 18 months. 
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PROCESSING TO阿ATO PRODUCTION IN TAIWAN 

Chen Zong-Wooα 

THE CLIMATE OF TAIWAN 

Taiwan is d ~ island with a subtropica1 c1imate. It is coo1 and 
dry , and has 1itt1e rainfall from Nov to Apr., whereas it is hot , very 
rainy , and subject to typhoons from May to Oct. Thus , the vegetab1e 
growing period , inc1uding that of tomato , is natura11y concentrated in 
the period from Nov to Apr. This is in contrast to some of the major 
tomato production areas in other countr汁 es . In addition , there are some 
c1imatic differences between north and south Taiwan. North of the Tropic 
of Cancer there is more rainfa11 in the winter season; south of the 
Tropic of Cancer , the c1imate is more suited for production of high 
qua1ity tomatoes. The main production area is shown on Figure 1. The 
mountainous region is characterized by fog and high humidity which retards 
red pigment development in the winter season. Thus , this is not a good 
area for tomato production. 

Fig. 1. Main tomato production area in Taiwan. 

αTainan District Agricu1ture Improvement Station , Taiwan. 
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CULTIVATED VARIETIES 

Over 80% of the processing tomatoes grown in Taiwan are IITK-7" . 
This variety was introduced into Taiwan from Japan by the Kagome Corpo­
ration. Other varieties grown in Taiwan include IIRoma ll , IITK-2 11 , etc. 
Onlya small area is planted with these. The earliest cultivated varieties 
are IIRoma ll , IIH1370 11 , and IfRed TOpll. The processing tomato industry has 
grown rapidly in the past few years. The efforts of plant bγeeders have 
not been able to keep pace with the sudden ex pansion. 開oreover ， each 
processing plant has its own buyers and markets. In order to meet the 
standard of quality demanded by their buyers , each processing plant has 
introduced many varieties to meet their particular needs. It is estimated 
that about 1000 processing tomato varieties have been introduced in the 
past decade. Because of climatic differences between Taiwan and the 
original area from which these varieties were introduced , however , only 
a few can be used without modification. In order to improve this situa-
tion , government institutes and private corporations are continuously 
introducing new varieties. 

PLANTING SEASON 

Processing tomato is planted from mid-Aug to the end of Oct. In 
order to assure a steady supply of tomatoes to processing plants , planting 
times are divided into early , middle , and late stages (Table 1). There 
are slight differences among the three planting times which affect yield 
and quality. The optimum sowing time is from the beginning of 5ep to 
the beginning of Oct. 

Table 1. The effects of planting time on tomato yield and quality . 
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early early Aug-
early 5ep 

medium early 5ep-
early Oct 

early Oct-late late Oct 

Nov-Jan 50-60 fair good Rain 

Dec-~1a r 80-100 exce 1. exce 1 . Frost 

Jan-Apr 70-90 good excel. Sun 
scald 

b Transplanted after 3 wks. ~ Possible damage other than pests. 

SOIL 

In Taiwan , farmers plant tomato on sandy 10am , c1ay 10am , and 10am 
soi1 s . To reduce root knot nematodes , farmers p1ant tomato after paddy 
rice. The most popu1ar soi1 for tomato is 10am. 50i1 fumigation is not 
done except in tomato nurseries. 
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METHOD OF CULTIVATION 

The small size of farms in Taiwan limits the mechanization of agricul-
ture. For this reason , most field operations , except land preparation , 
are done by human labor. 

Transplanting after starting the seed lings in nurseries. Direct seed-
ing cannot utilize land efficiently. It also adversely affects growth 
and fruit color and causes shooting because of high plant density and the 
high humidity of Taiwan. 

D istance between rows and plant spacing. Pìants are generally planted 
on 1.0-1.4 m wide rows with 0.3-0.5 m between hills , depending on variety. 
"Red TOp" and "North-East" are determinate varieties and are planted at a 
1. 0 m x 0.3 m spacing. IITK-7" uses a 1. 2 m x 0.5 m spacing; IIRoma 11 and 
IIH 1370 11 use a 1. 4 m x 0.5 m spacing. Of course , soil fertility is also 
an important factor in choice of correct plant spacing. 

Four types of planting systems widely used (Fig. 2). 

System 1 System 3 

Sys tem 2 System 4 

Fig. 2 . Four types of tomato planting systems widely used in Taiwan. 

1. Build the bed first to a height of 20-25 cm (the same as for 
sweet potato). Plant seedlings in the center of the bed , one row per 
bed. After transplanting , water each seedling individually. Such water­
ing continues until establishment. This method is the simplest of the 
four. Used in early plantings , it has the advantage of providing good 
drainage , but one hand-weeding is required. 

2. Plow and plant in the furrow first , at a furrow depth of about 
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10-15 cm. Then transp 1 ant the seedl i ngs to the center of the furrow. Hi 11 
up the plants 3-4 weeks after transplanting , thus changing the original 
furrow into a bed , and the original bed into a furrow. The advantages 
of this planting method are that irrigation is easily done and that 
intertillage may be done at the time of hiliing-up. The disadvantage of 
this method is that plants are often injured by the hilling-up. This 
method should also be avoided with early tomatoes because it does not 
afford good drainage. 

3. Make a raised planting bed 2.4 m wide. Plant 2 rows on each bed. 
This method uses rice straw mulch and is good for late planting because 
it minimizes sun scald. 

4. Combination of the first and second method. Build beds of medium 
he i ght (5-10 cm height) and then hill up to full height 3-'4 weeks after 
transplanting. Side dressing , intertillage , weeding are done at the time 
of hilling-up. 

FERTILIZER APPLICATION 

Fertilizer rates are shown in Table 2. 

Table 2. Fertilizer application for processing tomato. 

Fertf11zer Tota1Basa1S ide dressing 
q uality ~~~~I 1st 2nd 3rd 

Compost 

N 

P2 0S 

K2 0 

--一-----------一 -----kg/ha-----------------

20 ,000 20 ,000 

400 

150 

100 

100 

150 

30 

100 

20 

INTERCROPPING 

100 100 

30 20 

Interplanting processing tomato with small varieties of sugarcane ;s 
a special method used in Taiwan with much success. Sugarcane is grown 
for sugar production. The area planted to sugarcane in Taiwan is very 
large. For intensive utilization of land , pre-stage sugarcanes are inter­
planted with processing tomato. If a determinate-type processing tomato 
is selected for interplanting , neither、 the growth nor the yield of either尚
the sugarcane or the tomato is adversely affected. Tables 3 and 4 show 
the yields of sugarcane interplantings with the processing tomato variety 
"Red TOp". 

CROP MANAGEMENT 

Extensive management techniques are used in processing tomato pro­
duction in Taiwan. Less labor is used than with fresh market tomato , 
which is staked. Some of the special management practices include: 

179 



Table 3. Yield of processing tomato grown under monoculture compared 
with processing tomato intercropped with sugarcane. 
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Table 4. The effect of interplanting with processing tomato on the yield 
of s uga rcane. 
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(2) Phenomenon of over growth 

(3) Growers who plant early have to pay attention to rainfall and 
field drainage , select varieties more resistant to wet conditions , and 
build high planting beds. 

(4) Growers who plant in mid-season have to pay attention to fruit 
worm damage at the beginning of fruit setting (Nov-Dec) , and frost and 
pest damage during fruit growth. 

(5) Growers who plant late have to pay attention to pests (Jan-Feb) 
and sun scald (after Mar). 

HARVEST 

The harvest period extends from Nov-Apr , with the best quality and 
the highest yield obtained from Jan-Mar. The length of the harvest 
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period regardless of planting time (early , mid-season , or late) is about 
2 months , with harvesting done every 5 days during that period. In Taiwan , 
processing tomato is entirely harvested by human labor , which facilitates 
quality control (such as color selection and discarding of split or other­
wise unacceptable fruit). The harvested tomatoes are put in wooden or 
plastic boxes and transported to processing plants for inspection. There 
are two kinds of tomato production contracts: (1) The plant makes a con-
tract directly with the farmer , in which case , the products are trans­
ported directly by the plant to the plant for weighing and processing. 
(2) The plant makes a contract indirectly with the farmers through the 
Farmers. Association. In this case , the products are transported to 
Farmers. Association inspection stations. After inspection and weighing , 
the processor then is responsible for transportation to the processing 
plant. 

Tomatoes are graded according to the following standards: 

(1) First class material: 

(a) Fruit weight is over 20 g. 
(b) Fruit is vine-ripe but not post-ripe , color is deep red 

(over 90%) , and no fruit stem. 
(c) Fruit is free from pest damage , splitting, sun scald , injury , 

mo 1 d , 0 r ro t . 
(d) Fruit has good shape , quality , and hardness. 

(2) Second class material 

(a) Fruit weight is over 20 g. 
(b) Fruit is vine-ripe but not post-ripe; color is deep red 

(over 75 %) , and no fruit stem. 
(c) Fruit is free from pest damage , splitting , sun scald , injury , 

mold , or rot. 
(d) Fruit shape and quality is inferior to that of first class 

frui t. 

TOMATO PESTS AND NATURAL DAMAGE IN TAIWAN 

Since there will be a special session on tomato pests in this tomato 
symposium , I only list the major pests of tomato in Taiwan: 

(1) Aug-Sep: Bacterial wilt , damping-off , Fusarium wilt , virus , 
aphid , cutworm , and root knot nematodes; rain and typhoon. 

(2) Oct-Dec: Virus , bacterial leaf spot ， 臼ZeY'oti肌 rot ， leaf 
mold , blossom-end rot , early and late blights , aphid , root knot nematodes , 
cutworm , and tomato fruit worm. 

(3) Jan-Apr: Virus , bacterial leaf spot , leaf mold , powdery mildew , 
early and late blights; root knot nematode , tomato fruit worm; frost and 
sun scald. 

Many kinds of pests attack tomatoes as noted above , but the most ser­
ious of these are the early and late bliqhts~ and tomato fruit worms. 
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THE EFFECTS OF IN-SITU MULCH ON TOMATO PRODUCTION 

G.F. Wilsonα 

INTRODUCTION 

The benefits of mulching on tomato production are well known , and 
mulching has become a standard recommended practice for tomato production , 
but the practical value of mulching is determined by the cost of material , 
labor involved in application , savings made in weed control , and the 
overall effect in increasing yield and profit (3). Quinn (4) , working in 
northern Nigeria, found that mulching with grass or black polyethylene 
increased yield , but mulching with black polyethylene was uneconomica1. 

Grass and other p1ant residues are usual1y cheap mulch where they 
are avai1able but the labor and/or equipment required for gathering , 
transporting , and applying the large vo1ume of mater汁 al needed are 
deterrents to such mulching mater、 ials. In-situ uti1ization appears a 
feasib1e method of mulching with plant residue , but the development of 
te(hnique depends on chemica1 1and preparation , crop estab1ishment , and 
no-til1age. Recent developments in herbicide techno1ogy have made no-
ti1lage crop production and in-situ mu1ching practica1 rea1ities. Grains , 
main1y maize and soybean , are present1y the main crops grown with no-
ti11age and in-situ (stable) mu1ch , but tomato , pepper , and tobacco , 
have been successfu11y established under no-tillage conditions (2 ,5 ,6 ,7). 

Experiments on no-ti11age vegetab1e production in the tropics have 
been very 1imited but peasant farmers have often produced vegetab1es 
under what can be regarded as no-ti11age conditions. Under such con-
ditions , soi1 disturbance is kept to the minimum at planting after 
c1earing by burning. The soì1 , which is 1eft bare after burning and 
subsequent manual weeding , is prone to erosion. It was with the aim of 
identifying fa110w species suitable for an in-situ mulching , no-til1age 
vegetable production system , and the deve10pment of appropriate manage­
ment techniques that this investigation was undertaken. 

MATERIALS AND METHOD 

A cover crop of tropical kudzu ( Pue~αriα phαseolo王des) was estab­
lished by drilling in rows 75 cm apart. Growth was vigorous and a 
complete cover was observed about 8 months after p1anting. At 18 

αInternational Institute of Tropical Agriculture , Ibadan , Nigeria. 
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months after planting , when the dry matter accumulation averaged 10 t/ha , 
the tropica1 kudzu was killed by 2 applications of paraquat at 2.5 疋/ha
with a 7 day interva1 between app1ications. The second paraquat appli­
cation was required for plant parts missed in the first spraying. A 
uniform mulch of plant residue was left after the second spraying. 

A no-mulch contro1 was provided by removing the cover crop residue. 
Two tomato cultiva門， TLeX 9-1-(9) , an indeterminate type , and TLeX 33 , 
a determinate type , were used. A preplant application of 400 kg N/ha 
at first fruit set and first ripe fruit , was compared with a no-ferti-
1izer control. Experimental design was a split plot with mulch-treat­
ment as main-plot , cultivar as sub-sub-plot. Each sub-sub-plot was 
surrounded by a guard row. There were four re-applications. 

Preplant fertilizer was applied to holes dug through the mulch 
a week before transplanting. In both hole preparation and transplanting , 
mulch disturbance was kept to the minimum. The no-mulch section was 
also estab1ished without tillage. The indeter、minate cultivars were 
supported by staking while the determinate were unsupported. We routinely 
sprayed with Dithane M 45 and Sevin for pests. 

Much of the difference in results shown in Table 1 was attributed 
to the effects of nJtrients released from the decomposing mulch residue. 
P. phαseoZoides are leguminous p1ants and the tissues of such plants are 
known to be high in nitrogen which , when released on decomposition , be­
comes available to other crops (1). The extent and rate of nitrogen re-
leased from Peurar主α tissues are not known but they are being investigated. 
If a substantial amount of the nitrogen released from the decomposing 
mulch becomes available to the crop , then there should be substantial 
additional economic gain from reduction in the quantity of nitrogen 
fertilizer necessary. 

Table 1. Performance of two tomato lines in in-situ mulch from Puerαriα 
phαs eoZ。土des.
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The higher yield noted in the unsupported cultivar was , undoubtedly , 
associated with the mQlch , which protected stems , leaves , and fruit from 
diseases predisposed of by soi1 contact. 

P. phαseoZo王des is a slow starting but vigorous and competitive 
legume. 

Weeding is not usual1y necessary after sowing and the mulch sup­
presses a wide range of tropical weeds. Under conditions at Ibadan , 
Nigeria , 18 months appear optimum for development of a good mulch cover 

183 



from unweeded Puerα?至α ， but the period could be shortened upon the 
availability of a cheap and effective weed control method. 民"erαriα
also suppresses root-knot nematode , a serious pest of tomato and many 
otheγvegetables ， making it an ideal pre-vegetable cover crop. 

While many other cover crops are potentially useful in in-situ 
mulching of vegetables , their use depends on the development of herbicides 
that can suppress them without leaving residues harmful to the succeeding 
vegetables - paraquat does not suppress them effectively. 

Insect control was less effective with in-situ mulch , as the 
mulch offered good hiding places. However , this problem was regarded 
as a minor disadvantage. 

Leaving productive land fallow for periods of 18 months or more 
may be unwelcome in regions with scarce land. Where land is available , 
the fallow isenvisaged as an integral part of the rotation. The elimi­
nation of the cost of gather、 ing ， transporting , and applying associated 
with conventional methods of mulching makes in-situ ‘ mulching a promising 
new technique for increasing the profitability of tomato production. 
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DISCUSSION SESSION 111 (AFTERNOON) 

caldwel1: Were the yields shown on the slides for total yield or for 
marketable yield only? 

Hubbe 11: Marketable. 

Caldwel1 : What percentage of the total yield was marketable , and what 
percentage unmarketable in the middle of the wet season versus the end 
of the wet season? 

Hubbel1: The data are shown in the following Tables. There was a 
larger percentage of unmarketable fruit in the May planting than in the 
August planting . There is no consistent pattern of fruit quality during 
the harvest period. 

Ratios by cultivar and season of bad fruit 
to total fruit. Ratios of fruit weight in %. 

Cultivar Late-wet 1977 問id-wet 1978 

CL 11 d 8 

WS 4 

24 

15 

Ratios by season , for (A) good fruit per harvest to good fruit summed over all harvests , (8) bad fruit to 
all fruit for each harvest , and (C) total bad fruit to tota l fru i t. Ratios of fruit we i ght i n %. 

Planting date Season Location Harvest % good/total good %bad/harvest % tota l bad/tota l 
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Aug27 , 1977 late-wet l oam 1 2 45 
2 11 18 
3 21 8 
4 17 3 
5 50 6 

6 

May 2 , 1978 mid-wet sand 1 8 21 
2 43 9 
3 16 33 
4 19 14 
5 15 50 

19 

Caldwel1: What were the major quality problems reducing marketable 
yield? 

Hubbel1: Fruit rot. 

盟主主: 00 you anticipate any increased tomato volume and lowering of 
price in the summer as a result of the l ifting of the ban on export of 
vegetables in Taiwan during the summer? 

Su: Since summer fresh market tomato is grown under an unfavorable 
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environment , it needs more intensive management for high yie1d and qua1ity. 
This means higher production costs in summer tomato than winter-spring 
crop. So , it is difficu1t to te11 what the effect wi11 be on price. 

也~: We are now seeing more extensive use of mechani 日tion in rice 
cu1tivation in Taiwan , 00 you think there wi11 be a simi1ar increase of 
mechanization for production of tomato and vegetab1es? 

些: With sma11 farm size and dist川 bution of seasona1 1abor on growing 
tomato , mechanization is sti11 difficu1t at present in Taiwan. 

也立旦: Are ferti1izer requirements ca1cu1ated for the individua1 crop 
or are they adjusted for the sequentia1 patterns? 

三~: For sequentia1 cropping , the ferti1izers wi11 be app1ied on the 
indivudua1 component crop base. A fie1d , after one or two years as a 
specia1ized vegetab1e farm , wi11 be put back to paddy rice for two or 
three years in order to contro1 the sa1t accumu1ation on the soi1 sur­
face. 

也旦旦: What is done with the tomato residues in intercropping or sequen­
tia1 patterns? 

Su: In intercropping tomato with sugarcane , the residua1 stems and 
1eaves wi11 return back to the fie1d as manures. But in sequentia1 
cropp i ng on a spec i a 1 i zed vegetab 1 e fa rm , the toma to res i dues wi 11 be 
taken off for convenience of the farm operation. 

ca1dwe11: When I visited the Yung Ching area , I was to1d that the soi1 
there is unique and for that reason beds with vertica1 wa11s and very 
deep ditches , such as shown in your slides , are 1imited to that area. 
Cou1d you comment on the soi1 physica1 properties required for that 
type of bed system and the extent to which it cou1d be extended to other 
areas in Taiwan and e1sewhere? 

Su: Raised bed in centra1 Taiwan is adopted for vegetab1e farms surrounded 
by paddy fie1ds. The soi1 type is c1ay 10am. The objective is to 
prevent excess moisture by improving drainage during the rainy season. 
In the southern part of the is1and , tomato is grown in the coo1-dry sea­
sons , there are no prob1ems of excess moisture or rain. Soi1 types of 
the tomato production areas in the south are sandy 10am or sandy soi1 , 
so it wou1d be difficu1t to make a deep raised bed as in Yung Ching area. 

Rue1o: What is the incidence of bacteria1 and funga1 damage on tomatoes 
訂~the mu1ching method you used in your experiments? 

Wilson: The crop is sprayed week1y with a fungicide (Oithane) and there 
高了五百 significant funga1 attack. Slight bacteria1 spot was observed 
late in the season. 
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DEVELOPMENT OF HEAT-TOLERANT TOMATO VARIETIES 

IN THE TROPICS 

R.L. Villareal and S.H. Lai α 

INTRODUCTION 

Eor optimum fruit-setting , tomato requires night temperatures of 
15-20V C (3 , 6 , 8 , 10 , 14-16). Unfortunately , the minimum t~mperatures 
in the lowlands of most tropical countries rarely drop to 20 v C even during 
the cooler months. To grow tomato in the lowlands in summer , heat­
tolerant cultivars are needed. Such cultivars also often need to be 
moisture-tolerant , since the period of high temperatures coincides with 
the period of high rainfall in many locations. And , they should be 
resistant to the major yield-reducing diseases in the tropics. 

(In thf s paper we dfscuss AVRDC l s program to deve1op heat-to1erant 
i.e. , ability to set fruit at high night temperatures) and bacterial 

wilt resistant tomato cultivars. 

FIELD AND GREINHOUSE SCREENING TECHNIQUES 

An effective screening technique is essential in the development of 
heat-tolerant tomato cultivars. At AVRDC , we have relied both on green­
house and field tests to assess the ability of tomato cultivars and 
breeding lines to set fruit at high temperatures. 

Field tests are conducted duringnthe s~mmer at AVRDC when minimum 
night~temperatures are never below 21 v C, and usually fall between 23 
23-25 v C. Heat-tolerance is scored 60-75 days after planting by appro-
priately trained researchers. Plants are scored 1-5 in the increasing 
order of fruit-setting intensity (12). We have repeatedly observed a 
high correlation (r = 0.72村) between the fruit-setting score and fruit­
setting rate (%), suggesting that the former could be used as an indi­
cator for the latter (Fig. 1). Fruit-setting rate is computed by the 
following foumula: 

Fruit setting rate (%) No. of fruits per clustec X 100 
No. of flowers per cluster 

αProgram Leader , Horticultural Crops , and Plant Breeder & Assistant 
Scientist , Horticultural Crops Program , Asian Vegetable Research and 
Development Center. P.O. Box 42 , Shanhua , Tainan 741 , Taiwan , ROC. 
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Growing tomatoes in the fie1d and scoring them for heat-to1erance 
is difficu1t and 1aborious. The crop is susceptib1e to heavy rainfa11 
and strong winds. In 1973 , 1975 , and 1977 , for examp1e , we 10st thousands 
of mater什 a1s and severa1 hundred man days due to f1ooding. Too much 
water both in the soi1 and in the air can comp1icate the eva1uation , 
since some cu1tivars can better to1erate moisture than others (7). Fie1d 
screening during the summer when precipitation is excessive cou1d mean 
screening both for heat and moisture to1erance. 

As in the field tests , greenhouse tests are conducted in summer. 
We transp1ant 24-day-01d tomato seedlings to 20 cm pots containing equa1 
amounts of sand , soi1 , compost , and rice hu11s. We pinch the termina1 
bud of every p1ant after the fifth c1uster is attained. The fruit-setting 
score of each entry is recorded as in the fie1d screening. 

There are three major drawbacks to this technique. The technique 
cannot be used for massive screenin9s of seqreqatin9 populations because 
?f greenho~~e space , ~i~itat!~8~' ~e~~Qd ， temp~r~~~~es i~ ~~~DC green~ 
houses cou1d go as high as 47 v C. Balingasa and Vil1area1 (2) Qbserved 
high po11en and po11en tube bursting at temperatur~s beyond 25 v C, 
especia1ly in the heat-sensitive cu1tivars. At 40 u C, P.G. Smith (persona1 
communication) observed actua1 destruction of po11en grains under green-
house conditions in California. And , thir寸， solar radiation in our 
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shaded greenhouse is about 40-50% of the prevailing solar radiation. 
Thus , fruit-setting ability cou1d be affected by reduced 1ight intensity. 
Research has shown variabi1ity in this trait among accessions and 
breeding 1ínes grown under 50% shade (4 ,11). Therefore , when we screen 
under the greenhouse for heat-to1erance , we are a1so evaluating our 
materia1s for shade to1erance , and po11en and po11en tube heat-tolerance. 

ALTERNATIVE SCREENING METHODS 

It become imperative to find other methods for heat-tolerance screen-
ing. An idea1 method shou1d be repeatab1e , inexpensive and , if possib1e , 
usab1e during the seed1ing stage. Severa1 promising methods were 
exp10red at AVRDC. 

Growing in pot~. Tomato seed1ings were grown in 14 cm pots. The 
fruit-setting score of 5 consecutive c1usters was recorded when the 
fruit turned red (13). In addition , the numbers of f10wers and fruit 
per c1uster were recorded , and the fruit申 setting rate computed. 

The fruit-setting rate (r = 0.65*) and score (r = 0~70*) of the 
potted p1ants grown i~ the open were significant1y corre1ated with simi1ar 
traits in the fie1d-p1anted tomatoes (13). The observation indicates 
that the fruit-setting abi1ity of tomatoes grown in pots in the open 
para1lels that of fie1d grown tomatoes. Thus , this technique can be used 
to screen for heat-tolerance in tomato cu1tivars and to se1ect for this 
trait in segregating popu1ations when fie1d eva1uation becomes prohibi­
tive. 

The technique has the fo11owing advantages: reduced risk due to 
inclement weather , convenient soi1 preparation and pest management , sma11 
space requirement , and reduced cost. It cou1d be especia11y usefu1 in 
places 1ike Guam , Taiwan , the Phi1ippines , and other typhoon be1t 
countr、 ies; and in universities and experiment stations with budget and 
space 1imitations. 

Ethre1 tr些旦旦旦主﹒ AVRDC physio1ogists noted that ye110wing induced by 
high temperature in the pedice1s of tomato fruit were comparab1e to 
ethrel-induced ye11owing. A1so , ethre1 app1ication had been shown to 
promote adventitious root formation in many p1ants , inc1uding tomato. 
Fol1owing these 1eads , 3000 mg/l ethrel was .app1ied to 3-week old 
seed1ings of 7 heat-to1erant and 8 heat-sensitive cu1tivars. Cu1tivar 
differences in the number of adventitious roots occurred due to ethrel 
app1ication(1). The number of roots was inverse1y related to fruit-
setting scores. This means that heat-tolerant cu1tivars produced fewer 
adventitious roots than heat-sensitive cultivars. We are current1y 
eva1uating this technique in a mass screening of oursegregating popu1ations. 
Eventual1y , we plan to grow to maturity genotypes with fewer adventitious 
roots (presumably heat-tolerant) side by side with the more adventitious 
rooted ones and observe them for actua1 high temperature fruit-setting 
ability. 

HEAT-TOLERANT ASSOCIATIONS 

AVRDC's tomato program initia11y emphasized the co11ection and iden­
tification of diverse germplasm to serve as the poo1 from which desirable 
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genes can be used when needed. We now have 4752 accessions from 79 coun­
tries. Of these accessions , 4616 have been screened i n the field for 
heat-tolerance during the summer of 1973 , 1974~ 1976 , and 1978 (Table 1) . 

Table 1. Observed fruit set on 4616 Lyσopersiσon accessions screened 
for heat tolerance; 1973-78 , AVRDC. 

Species Total Obseγved fruit set 
none light moderate heavy 

L . esσ泌的七wp

L. esσulentum 。α孔 cerαs毛:[orme

L . P土mp知ell土fol土um

L . peruv毛αη四n

L. σheesmαγ1土毛

L. 于L毛主'usutum

4129 

49 

204 

61 

16 

L . glα:ndu loswn 10 

L . esculen七wn x L. P毛mp切el日fo況wn 153 

L. es σ1止 leγztwn x L. hirsu七wn 1 

Total No . 4616 

% Total 100 
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3710 662 

81 14 

21 l 

205 

4 

39 

α Includes sever叫 type species from pyri forme and var .σeras王forme .

This year one new accession (PI 390522 from Ecuador) was identified as 
heat-tolerant. Thus , we now have 39 heat-tolerant cultivars which can 
be usedfor developing heat-tolerant varieties (Table 2). They originated 
from 15 countr汁 es ， indicating possible diversity of heat-tolerant genes. 
問ost of these accessions , however , belong to L. esσulentum and L. pi m-
pinell主fo liwn , and are small or medium fruited. 

ENVIRONMENTAL INFLUENCE ON HEλT-TOLERANCE 

We conducted four exper i ments to clarify environmental influence 
on heat-tolerance expression , since we have received reports that some 
of our accessions and breeding lines were heat-tolerant in one location 
and heat-sensitive in another. This study was conducted in 5 tropical 
Asian countries during the early phase of the AVRDC program when heat­
tolerant accessions did not yet have the bacterial wilt resistant genes. 
Unfortunately , almost all heat-tolerant accessions tested were susceptible 
to wilt and succumbed to the pathogen before any data could be gathered. 
Therefore , we decided to conduct all future experiments at AVRDC. 

Two experiments were grown in the greenhouse and two in the field 
to simulate location and^season. The greenhouse experiments represented 
high temperatures (22-47 oC) , partial shade , and n~ ~~in conditi~n~ ， ~ wh~γeas 
the field experiments represented moderate temperatures (22-35 V C) , full 
sunlight , and rain. 
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Table 2. The 39 LyσopeY'sicoηaccessions α !hat showed high levels of 
heat-tolerance , 1973-78~ AVRDC. 

AVRDC 
Fru f t-setti ngs coreb acc. no Cultivar name Ori gi n 

125 Divisoria 2 Philippines 5.0 
2972 PI 289296 Hungary 5.0 
3690 PI 365914 Ecuador 4.8 

232 Nagcarlan Philippines 4.8 
3982 Tagalog Philippines 4.5σ 
3692 PI 365916 Ecuador 4., 5 

283 Tamu Chico III U.S .A. 4.2 
3693 PI 365917 Ecuador 4.2d 
4361 PI 390511 Ecuador 4.2 
1076 PI 136452 Canada 4.1 

226 NRG 7247 Canada 4.1 
230 Sub Artic Midi Canada 4.0 
181 LA 1467 Colombia 4.0σ 
142 LA 1263 Ecuador 4.0σ 

3969 Gambia-2 France 4.0σ 
2907 PI 289231 Hunga ry 4.0 
2984 PI 289308 Hungary 4.0 
2985 PI 289309 Hungary 4.0 
3040 PI 294443 1 s rae 1 4.0 
3695 PI 365920 Peru 4.0σ 
3716 PI 365967 Peru 4.0 

180 LA 1466 Peru 4.0σ 
18 VC 11-2-5 P h i 1 i P P in e s 4.0 

1488 PI 203232 South Africa 4.0 
2991 PI 290856 U. S .A. 4.0 
3510 PI 341155 U.S.A. 4.0σ 

99 LA 1622 Zambia 4.0σ 
1394 PI 190256 New Caìendonia 3.9 

4 VC 9-1-2-9a Philippines 3.9 
492 PI 114968 India 3.8 
493 PI 114969 India 3.8 

3042 PI 294445 Israel 3.7 
6 VC 8-1-2 Philippines 3.6 

476 PI 110597 England 3.6 
229 Sub Artic Plenty Canada 3.5 

1834 PI 357489 China 3.5 
11 VC 11-3-4 Phil ippines 3.5 

2 VC 9-2-1-2 Philippines 3.5 
126 Nova U.S.A. 3.5 

αAll accessions belong to L. esσulentum except LA 1263 , PI 365914 , PI 
365916. PI 365917 , LA 1466 , PI 365920 , and PI 365967 which all belong 
to L. P王仲ir叫lifoli叫 .and Pb~1902:6 ， wh!c~ i~ ， cross between L. es σu­
tum and L. pimpinellifol乞um. vFrom 1 to 5 in the increasing order of 
fruit-setting intensity. Dat~ are averages of ùt least 3 screenings 

σ unless otherwise tndicated. ~Data are averages of two replications from 
1976 screening. ~Average of two replications from 1978 screening. 
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1n most cases mean squares for fruit-setting rate , score , and 
stylar exertion were significant whether the materials were grown in 
the greenhouse or in the field (Tables 3 & 4). The significant interac­
tion (5 x E) in both greenhouse and field plantings suggest that some 
entries had higher fruit-setting ability and stylar exertion in one 
season , while other entries were superior in another. 5imilar response 
was also observed when data from Greenhouse 1 and Field 1 were combined 
(Table 5). 5ignificant interaction (L x E) suggests that some entries 
would perform well in the greenhouse , while others could perform better 
in the field. These observations indicate , therefore , that there are 
accessions that could set fruit under high temperatures and partial shade , 
although better fruit-setting could be obtained when there is full 
sunlight with moderate temperatures , even under rainy conditions. 

Table 3. 5ummary of mean squares for fruit-setting score and stylar 月
exertion from a combined analysis of two greenhouse plantings. ~ 

50urce of Degrees of Fr叫 t-set_ð ing 5tyl ar 
variation freedom score e xertionσ 

5eason (5) 1 0.60育女 37 ns 

Reps within season 2 0.33** 74 ns 

Entries (E) 22 0.24** 2817** 

5 x E 22 0.06ns 124** 

Error 44 0.04 54 

:?C印伽om州m
potted Aug. 11) W@S carried out since Barlettls test showed variances 

were homogenous. V D~ta were transformed to I x + 0.5 prior to ana-
lysis of variance. σData were transformed to arcsine prior to analysis 
of variance. 

Table 4. 5ummary of mean squares for fruit-setting rate and score and 月
stylar exertion from a combined analysis of two field plantings. ~ 

50urces of Degrees of Fr~i5-setting sty1an rb 
variation freedom rate~ score exertio 

5eason (5) l 1108 持持 1. 67女女 319** 

Reps within season 2 12ns 0 . 03ns 16ns 

Entries (E) 20 260** 0.09** 1688** 

5 x E 20 62** 0.04育女 238食費

Error 40 16 0.01 74** 

αCombined analysis of Field 1 (planted April 19) and Field 11 (planted 
Aug. 18) was çarried out since Bartlett's test showed variances were 
homogenous. ~ VData were transformed to arcsine prior to analysis of 
variance .νData were transformed to I x + 0.5 prior to analysis of 
vanance. 
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Table 5. Summary of mean squares for fruit-setting rate and score and 
and stylar exertion from a comRined analysis of one green­
house and one field planting. ~ 

Sources of Oegrees of Fr~ið-setting s ty1ar b 
variat~on freedom rate~ score exertion 

Location (L) 1 125** 0.6** 5406** 

Reps within location 2 49** 0.22** 10ns 

Entries (E) 22 570** 0.20女賣 173** 

L x E 22 44** 0.60** 169** 
Erγor 44 15 0.03 42 

αCombined analysis of Greenhouse I (potted April 19) and Field I 
(planted April 19)~was carried out since Bartlett's test showed variances 
were homoge 口ous. ~ Oata were transformed to arcsine prior to analysis of 
variance. l/ Oata were transformed to / X~f-O-. 5- prior to analys -is of va­
nanc2. 

The findings from these experiments suggest that the heat-tolerant 
genes are easily influenced by environment and may involve shade tole-
rance , pollen heat-tolerance , stylar exertion , and paγthenocarpy. 
Therefore , heat-tolerant selections should be tested in as many loca­
tions and seasons as possible before any recommendations are made. 
It is equally desirable to screen AVROC breeding lines for heat-tolerance 
where the tomatoes will be finally grown commercially. This is extremely 
important when we consider the wide range of climatic factors and diffe­
rential strains of pests and dJseases present in the tropics. 

HEAT-TOLERANCE AND MOISTURE TOLERANCE 

Understanding moisture tolerance is another important aspect in 
developing tropical tomatoes. Heat-tolerant tomatoes must also be 
moisture tolerant to al10w their cultivation in the many locations where 
the period of high temperature coincides with the period of high rain­
fall . 

We conducted an experiment to clarify the relationship between 
heat-tolerance and moisture tolerance in relation to tomato fruit-setting. 
Nagcarlan and Oivisoria 2 possess both heat and moisture tolerance , as 
evidenced by higher fruit-setting ability than either moisture-tolerant 
or traditional (neither、 moisture nor heat-tolerant) cultivars (Table 6). 

Research (7) on the differential response to moisture of Nagcarlan 
(heat-tolerant) , LA 1421 (moisture-tolerant) , and White Skin (neither、
moisture nor heat-tolerant) showed that simulated rain by sprinkling 
reduced root and top dry matter , fruit-setting rate , and score in all 
cultivars (Table 7). The degree of reduction was magnified when drainage 
was poor (i.e. , flooding). On the other hand , water汁 ng (irrigation , 
flood) the individual plants resulted in higher root and top weight and 
fruit-setting rate and score because , in this treatment , only the roots 
were moist , with water loss due to evaporation as well as transpiration , 
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Summary of fruit-s~tting scores and rates of heat-to1erant (HT) 
moisture-to1erant (MT) , -and traditiona1 (T) tomato cu1tivars 
tested under fie1d and greenhouse conditions; AVRDC , 1976. 

Tab1e 6. 

。
」

RKJ HU nu h
H
θ
 

n-e e-r 
o
」
-
n
u

r-C G-s 
Varieta1 

namm 
AVRDC 

acc. no. 
Type 

% 活

43 47 4.1 Divisoria 2 125 HT 

31 27 2.8 48 54 2.5 KL 2 245 HT 
46 52 4.8 48 54 4.9 Nagcar1an 232 HT 

39 40 3.8 46 52 3.8 Means 

48 56 3.0 LA 1291 146 問T

。。1. 0 26 20 2.4 LA 1421 166 MT 
14 

7 

6 

3 

1. 3 

1. 2 

32 

35 

26 

29 

35 

20 

1. 6 

2.3 

1. 1 

LA 1231 133 

Means 

203 

MT 

F1 orade 1 T 

。。1. 0 Healani 97 T 

12 4 1. 1 11 10 1. 0 Green Fruit 388 T 

Means 1.0 10 16 1.1 4 12 

11 

α9 entries were planted in the field Jul 23 , 1975. Al1 values are means 
of 3 replications. u6 entries were plaRted in pots Jul 23 , 197~ and 
p1aced in the greenhouse. All values are means of 10 plants. 三Scoring
of 1 to 5 in the increasing order of fruit-setting intensity. uCumulative 
fruit-setting of first 10 c1uste內; (A) = arcsine transformation. 

0.4 30 1. 9 , LSD 5% 

the growth and development of the tomato plants were normal. Nagcarlan 
and LA 1421 were not serious1y affected by excess water or poor drainage 
ònd , thus , seem to possess one or more of the traits that are important 
to survive poor drainage conditions. 

The findings from these experiments indicate that if the breeding 
objective is to deve10p varieties for hot , dry conditions , screening 
for heat-tolerance can be accomp1ished when night temperatures are high. 
If the varieties , however , are intended for the hot , wet tropica1 con-
ditions , screening shou1d be done for both moisture an 吐 heat-to1erance ，
and should be conducted under conditions of high 川 ght temperatures 
and excessive water both in the atmosphere and in the soi1. 

these experiments 
and deve10pment 
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OF HEAT-TOLERANCE 

The genotype-environment interactions observed in 
and the influence of high temperature on tomato growth 

GENETICS 
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(as discussed earlier in this symposium by Aung and Kuo) make it 
difficult to study the genetics of heat-tolerance without the use of 
growth chambers. Precise control of the environmental conditions (i .e. , 
temperature , relative humidity , and solar radiation) is essential to 
understanding the genetics of this trait. 

In spite of these limitations , we conducted 4 field experiments 
at AVRDC to determine the inheritance of heat-tolerance. The experi­
汀lents failed 50% of the time. For those experiments completed , we 
noted a continuous distribution of fruit-setting score among the parentals 
and different progeny generations suggestive of fairly complex inheri­
tance of heat-tolerance. While it was relatively easy to identify 
both extremes (i.e. , no fruit to light fruit vs heavy fruit set) , it 
was difficult to classify the intermediates. The heat-tolerant parents 
showed a preponderance of higher scores , vlhereas the non-heat-tolerant 
parents exhibited a preponder司 nce of lower scores. Heri tabi 1 i ty 
values were generally low , r凸 nging from 5-19%, which indicates that 
the greater proportion of variability observed was due to environmental 
causes. The low heritability of heat-tolerance is compatible with the 
observation that characters with the lowest heritabilities are those more 
closely connected with reproductive fitness , whereas , those characters 
with the highest heritabilities are those that are least important to 
reproduction (5). 

By virtue of the complex inheritance of heat - tolerance and the 
influence of environmental factors in its expression , we are probably 
losing many genotypes with excellent fruit-setting ability due to the 
technique we use in combining bacterial wilt resistance and heat-tole­
rance. We have been mass inoculating segregating populations with 
bacterial wilt pathogen and planting only those genotypes that survive. 
About 10% or less survive. Thus , genotypes subjected to heat-tolerance 
screening are limited to bacterial wilt resistant progenies. We have 
to do this , or field thousands of materials. An alternative is to 
select first for heat-tolerance , and later inoculate these selections 
with bacterial wilt pathogen. 

Another technique is to advance our materials through SSD without 
selection foreither heat-tolerance or bacterial wilt resistance. This 
will be discussed làter in this symposium by Dr. Tee from Malaysia. 

STATUS OF DEVELOPING HEAT-TOLERANT VARIETIES 

In the first paper of this symposium , the progress of AVRDC's tomato 
breeding program was reported. Also the general performance of AVRDC 
materials were evaluated in several tropical countr、 ies for bacterial 
wilt resistance , heat-tolerance , fruit quality , and other traits. It 
is difficult to ascertain , however , the yield advantage attributable to 
heat-tolerance alone; in most cases these lines have been evaluated in 
wilt-infested areas. Nevertheìess , we can get some information where 
trials are conducted in areas where wilt resistant lines are included 
or , in exceptional cases , in wilt free areas. In the former case , Sunar-
jono et al. (9) reported the yield superiority of AVRDC materials over 
the wilt-resistant check. AVRDC lines gave 11-24 tjha compared to 1 tjha 
for the check , indicating that the yield difference could be mainly due 
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to heat-to1erance in the AVRDC materials. In Chiangmai , Thai1and , our 
cooperator reported that "Seda" , a 10ca1 tomato cu1tivar , bare1y had 
fruit , whereas a number of AVRDC materia1s were 10aded. In a wilt free 
area at AVRDC 、 our breeding 1ines yie1ded 500-900% higher than "t'.J hite Skin !l, 

a loca1 check (Tab1e 8). Thu s , using a massive breeding program based 
on a world-wide germplasm base , significant increases in yie1ds -due to 
the incorporation of he月 t-tolerant genes and other traits are possib1e. 

Tab1e 8. Performance of heat-to1erant Qreeding lines compared 
to a 10ca1 check. 1978 AVRDC. ~ 

AVRDC Pedigree or % of Se 1. or Yield 
(acc. no.) (cultivar name) check 

-t j ha-

9d-0-3-6 VC 11-1-2-1BjSaturn 18 900 

143-0-10-3 VC 48-1jTamu ch ico 111 16 800 

9 一 0-0-1 VC 11-1-2-1BjSaturn 16 800 

8d-0-7-1 VC 11-1-2-1BjVenus 16 800 

11d-0-2-2-0-3 VC 11-1-2-9jVenus 15 750 

123-2-4 ah T阿-2ajVC 8-1-2-1 13 650 

143-0-6-9 VC 48-1jTamu chico 111 12 600 

(1) (VC 48-1) 10 500 

( 387) (White Skin) , Check 2 100 

LSD . 05 5 

L ι P1anted May 11 , 1978 in a wilt free field; harvested 4 times 
beginning July 14 and ending July 28; means of 3 replications. 

RESEARCH DIRECTIONS 

These are some research areas that deserve our attention: 

1. 1 dentification of a simply inherite生』旦旦去世ler旦旦旦旦旦旦﹒ The 
observation made at Cornell University on a dominant1y in herited resis­
tance to powdery mildew in cucumber has given us hope along this line. 
Resistance to this disease has been known to be recessive for the last 
20 years. Apparently , a mutation has occurred which resu1ted in a 
dominant1y inherited trait. Obviously a simp1y inherited heat-tolerant 
gene wou1d speed up the development of heat-tolerant cu1tivars. It 
could also be usefu1 in the production of Fl hybrid tomatoes with heat­
to1erance poteηt i a 1 . 

2. Clarification Qf the exac t role of~high temperature to fruit 
旦旦臼旦﹒ Wou1d a brief coo1 period (15-20 U C) for one hour or less be 
sufficient to permitoptimum fruit setting on tomato? An affirmative 
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answer would have a tremendous practical application comparable to 
what a brief dash of light could do to induce flowering in some orna­
mental pla 們 ts.

3. 1mprovements in fruit-setting←姐姐旦 heat-tolerant cultivars. 
Would keeping of about five clusters and removal of all other flowers 
improve fruit setting in heat-tolεrant cultivars? 

4. Exact nature of moisture tolerance must be understood. In 
addition , would it be possible to find a LyσopeY'siσon genotype similar 
to a rice plant , which is adapted for growth in submerged soil s 
because of the tiny tubes that extend from the leaves to the roots? 

CONCLUSION 

We wish to point out that in addition to our attempt at AVROC to 
develop heat-tolerant cultivars , there has been a growing interest in 
this particular plant breeding problem among our collaborators in the 
tropical areas of Asia , Africa~ and Latin America. In the past 5 years , 
we have been encouraged by their continuing cooperation and quest for 
new disease and heat-tolerant germplasm. We share the optimism of our 
collaborators. Together we can contribute to the development of a 
truly tropical tomato that will find its way to farmers ' fields and the 
tables of consumers. 
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BREEDING TOMATOES FOR PROCESSING 

問. Allen Stevensα 

INTRODUCTION 

The past 15 years have seen tremendous changes in the production of 
processing tomatoes in the United States , especially in California. 
In 1960 , about 4 million tons of tomatoes were produced in the U. S. 
(about 55% in California). In 1961 , G. C. (Jac k) Han na released the first 
tomato cultivar developed specifically for mechanical harvest. That 
cultivar , VF 145 , eventually became the most important processing tomato 
in California and was chiefly responsible for expanding production to 
80% of the 7-3/4 mil1ion tons of processing tomatoes produced in the 
U.S. in 1977. 

In the mid-1940s , when Hanna began his effort to develop a cultivar 
for mechanical harvest , most people considered it of little practical 
import. For many years he persisted , making crosses which would contribute 
to the concentration of set and the fruit firmness he perceived to be 
necessary in view of the severe handling that tomatoes would undergo 
during harvest. During the early years of that effort he had no concept 
of how the machine would function. As the breeding program progressed , 
he decided that it was necessary to develop a working relation with an 
agricultural engineer , so that the cultivar and the machine could be 
developed simultaneously. That led to a combined effort by Hanna and 
Coby Lorenzen of the Agricultural Engineering Department at Davis. In 
the late 1950s and early 1960s, they worked to develop a cultivar that 
would be suitable for mechanical harvest and a machine that would harvest 
the fruit with maximum efficiency and minimal damage. In the early 
1960s , California politicians decided to eliminate the Bracero program , 
which had allowed laborer、 s from Me~ ico to harvest crops. The Braceros 
had been essential for harvest of the processing-tomato crop. 

Suddenly , everyone was interested in mechanical harvest of pro 早
cessing tomatoes , and , thanks to their farsighted 15 years of effort , 
the cultivar and the machine were ready. The transition from hand-
harvested processing tomatoes to machine harvest was rapid , and within 
a few years virtually all processing tomatoes in California were harvested 
mechanically. The rapid transition was greatly abetted by the very 
favorable growing conditions in California. The long , dry summers , coupled 
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with a well developed irrigation system throughout the Central Valley , 
are ideal for growing processing tomatoes for mechanical harvest. Other 
states have attempted to follow the example of California , but unfavorable 
weather has made the transition slow or nonexistent. 

Additional changes have occur、ed in the processing-tomato industry in 
California since the mid-1960s , although none so dramatic as the transi­
tion to mechanical harvest. In the hand-pick days , the fruit were 
transported in field lug boxes which held less than 23 kg. With mecha-
nical harvest , there was a change to bins which hold about 680 kg. Since 
1974 there has been a transition to large bulk tanks which contain about 
11 t of fruit. These chan~es to bulk handlin~ procedures have necessi-
tated changes in fruit characteristics , primarily fruit firmness. 

In many ways , the processing-tomato breeding programs in California 
are atypical. Generally , California has fewer disease problems than 
other tomato production areas , as a result of near-ideal weather condi­
tions. Breeding emphasis is therefore quite different from that in areas 
with a wider range of disease problems and weather conditions that hamper 
harvest. This paper discusses certain characteristics receiving atten­
tion in the processing-tomato breeding program at UCD. 

YIELD 

The most important characteristic of a successful processing-tomato 
cultivar is a high yield potential. Unless a new cultivar has a poten­
tial equal to or exceeding that of current cultivars , it will achieve 
little or no success even if it has excellent machining characteristics 
and quality. 

A machine-harvest cultivar must have a concentrated fruit set. 
This has been achieved using the self-pruning (三旦) character with a com-
pact vine. The consequences of the drive for heavy , concentrated fruit 
set have included an increase in the harvest index (a decrease in the 
ratio of vine to fruit). There have been accompanying changes in the 
quality characteristics of the fruit. To maximize use of existing physio­
logical potential , a major goal of the UCD breeding program has been to 
maximize use of the total fruit production of the plant. Fruit lost be­
cause they are overripe and soft or grass-green do not represent effective 
yield. In recent years , firm-fruited cultivars have been developed that 
can remain on the vine in good condition for several weeks after they 
reach full color. 

FIRM-FRUITED CULTIVARS 

In the late 1960s , Hanna crossed an elongated firm-fruited cultivar 
(VF 65) with firm-fruited lines from Florida. From those crosses came a 
number of strains with fruit firmness and vine-storage characteristics 
superior to those of other mechanical-harvest cultivars. These firm­
fruited cultivarshave become increasingly important in the California 
industry and represent the first really important change since the re­
lease of VF 145. 
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One of the most striking character、 istics of these firm-fruited cu1-
tivars is that they remain in good physica1 condition for sever、a1 weeks 
after they have reached full red co1or. In trying to understand the 
physio1ogica1 basis of that vine-storage characteristic , we found that 
these cultivars have high 1eve1s of the a1cohol-inso1ub1e components 
of the fruit , a thicker outer pericarp , and a sma11er 10cu1ar area. The 
rate of breakdown of the ce11-wal1 mater、 ia1 does not appear to differ 
between these cu1tivars and those which are too soft to harvest soon 
after ful1 co1or deve1opment. Rather , the firmness is greater at a1l 
stages of fruit ripening and senescence. As a resu1t , severa1 more weeks 
of softening are required before they reach the stage where they are 
easi1y broken during hand1ing. 

REMOVAL FROM THE VINE 

Another important characteristic to achieve fu11 utilization of 
the fruit is ease of remova1 from the vine. If tomatoes removεtoo 
easi1y , they shatter during harvest , with many remaining on the ground. 
Those too difficu1t to remove remain attached to the vine after it has 
gone through the shakers. One problem with firm-fruited cultivars is 
that they were more difficu1t to detach , 1eaving a higher percentage on 
the vine after harvest. The precise reason for this stickiness is still 
not understood. Initia11y it was be1ieved that there was lower activity 
of the pecto1ytic enzymes , resulting in slower formation of the abscision 
layer , but studies did not support that view. In general , the firm­
fruited cu1tivars are more difficu1t to remove from the vine than softer­
fruited cu1tivars , and p1ant breeders must pay careful attention to the 
size of the stem scar to assure that fruit removal does not become a 
serious prob1em. 

Pedice1 retention on the fruit is undesirab1e in processing tomatoes 
since pedicels damage other fruit in the 10ad and affect the f1avor of 
the processed product. Processors prefer c 叫 tivars with 10w (<20 %) 
stem retention. We have worked considerably with the joint1ess (i己)
character to reduce stem retention. A11 joint1ess 1ines deve10ped so far 
have a slight yield disadvantage. The j2 a1so increases stem adhesion 
to the fru i t. 

HIGH-TEMPERATURE FRUIT SET 

One of the greatest deterrents to a concentrated fruit 10ad on 
tomato p1ants is 10ss of b1ossoms due to stress conditions during the 
peak fruit-setting period. Temperatures in Ca1ifornia during f10wering 
are frequent1y hot enough to cause bìossom drop , resu1ting in a split 
fruit-set. This prob1em cou1d be solved by deve10ping cu1tivars that 
can continue to set fr~it despite high-temperature stress. An added 
benefit of genotypes with high-temperature fruit-set capabi1ity wou1d 
be increased adaptability , since it has been shown that genotypes which 
set fruit we1l at high temperatures a1so set fruit better under 1ow­
temperature conditions (3). A large number of tomato genotypes with 
reported high-temperature fruit set capability have been screened in 
higher-temperature growing areas in California and in greenhouses in summer. 
Certain genotypes have a clear capabi1ity to continue setting fruit during 
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the highest temperature conditions normally encountered in California. 
The hi9h-temperature_performance of these divergent lines varied in their 
physiological basis (Fig. 1) , so we are using sever叫 in the breeding 
program to incorporate their strengths into a single genotype. 
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Fig. 1. Reproductive responses of several high temperature cultivars to 
high temperatures (37.80 /26.7 0 day/night) as a percent of their 
performance in normal temperatures (27 0 /20 0 C) (4) 

The best overall high-temperature performance of the lines studied 
was by the cultivar "Saladette ll , developed by Paul Leeper in Texas. It 
lacks stigma exsertion and has a relatively high pollen production under 
high-temperature conditions. In vitro germination of high-temperature 
pollen was higher than in the other genotypes studied. Saladette also 
had a higher percentage of fruit set than the other high-temperature 
genotypes when the ovules were exposed to high temperatures. 

BL 6807 , a cold-set selection bred at Beaver Lodge , Alberta , Canada , 
appears to have an unusual capability of partitioning more of the availa­
ble photosynthate to the reproductive organs during high-temperature 
stress conditions. It also had the highest fruit set of all cultivars 
tested when the pollen was exposed to high temperatures. Fruit set was 
high when both pollen and ovules were exposed to high temperatures , but 
the fruit was pathenocarpic. 

Pl 262934 , the cultivar IIMalintka 101 11 from the USSR , had the highest 
fruit set of the genotypes studied when both the ovules and poìlen were 
exposed to high-temperature conditions. It had better ovule viability , 
as indicated by the number of seeds produced. Number of seeds in the 
fruit is a better indication of gamete viability than is percent fruit 
se t. 

"Narcarlan ," developed in the Philippines , had the best capability 
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of producing seeds when the pollen was exposed to high-temperature , 
indicating that the male gametes are resistant to high temperatures. 

A diallel analysis showed that these high-temperature genotypes 
differ genetically in the characteristics which contribute to the high­
temperature fruit set (5). Percent fruit set is under the control of a 
largely additive genetic system , and heritability is moderate at high 
temperatures. The dominance components for seed set are greater than 
the additive components at high temperature. Heritability of seed set 
was low at high temperatures. Stigma exsertion is controlled by partially 
dominant genes. The additive genetic component and heritability for 
stigmaexsertion were high. At present we are using a modified system of 
recurrent selection for specific combining ability to combine the strengths 
of these high-temperature genotypes into a single cultivar. Screening 
is done in summer in the greenhouse , where there is some environmental 
control. 

DISEASE AND INSECT RESISTANCE 

Diseases of prime concern are generally limited on tomato in Cali­
fornia. The dry , favorable growing climate reduces problems with bacte­
rial and foliar fungus diseases. For a number of years all successful 
California cultivars have had resistance to Fusarium 0句sporum f. s r). 
lyσopersiσ玉 ， race 1 , and Vert王σill/Zum dαhliαe ， strain 1. In recent years 
a second race of F. oxysporum and a second strain V. dαhliαe have been 
found in the state. 

FUSARIUM W 1 L T 

Resistance to the second race of Fusαrium wilt has been bred into 
cultivars in Florida and subsequently into cultivars from Israel which 
are similar to VF 145. Most California tomato breeders now have programs 
to breed resistance to race 2 of Fusαrium wilt into a wide range of 
tomato genotypes. Race 2 of Fusαrium wilt , currently a serious problem 
in the tomato-growing areas in northern California , appears to be spread­
ing to other areas of the state. 

VERTICILLIUM WILT 

No resistance has been found to strain 2 of Ver叫σill至um wi 1 t. Grogan , 
Kimble , and Loannou (6) found none in a large survey of tomato genotypes~ 
It is still not clear how serious this disease may become in California. 
Although reported in various locations , no serious yield losses are yet 
evidenced. Grogan and Kimble are seeking techniques to screen for tole-
rance to this disease , since the seedling-screening technique used at 
present eliminates all plants lacking a high degree of resistance to the 
disease. 

NEMATODES 

Nematodes are widespread throughout the tomato-growing areas in 

205 



California , but OSCP (1 ,2-dibromo-3-chloropropane) has been an inexpen­
sive and effective control , discouraging efforts to breed resistant 
cultivars. Recently , however , OSCP has been banned by the Food and Drug 
Administration as causing sterility in men. 

Interest in nematode-resistant cultivars has now increased. In 1974 , 
Rick and Fobes (10) showed an association between an isozyme of acid phos­
phatase and resistance to nematodes. This association , which appears to 
be a linkage , can serve as a useful tool in efforts to develop nematode­
resistant cultivars. The gel-electrophoretic technique makes it possible 
to tell whether a breeding line is lacking , heterozygous , or homozygous 
for the Mi gene. This technique is being used by a number of tomato 
breeders interested in developing nematode早 resistant cultivars. We are 
now surveying a wide range of nematode-resistant genotypes which apparently 
have a single L. Peruv玉αnum parent as the source of nematode resistance 
(12) . There are some undesirable linkages in much of the nematode mate-
rial , and we are determining which nematode-resistant material has a 
minimum of undesirable characters. 

INSECT RESISTANCE 

Although a wide range of insect pest resistance has been demonstrated 
in the tomato (18) , there has been little specific effort to develop 
insect-resistant cultivars. Since it is possible to control most insects 
effectively with pesticides and since plant breeders have a large number 
of other pressing problems , insect-resistant cultivars have received 
little specific attention. In cooperation with entomologists , we have 
had a program to evaluate the potential of developing cultivars with 
resistance to certain insects that are major problems in California , 
particularly the tomato fr叫 t worm (Heliothu8 zeα) and the beet army 
ItJO rm (SpodopterαG♂1:gUα) . An array of species and cultivars were screened 
under field conditions for susceptibility to insect pests. Large rliffer­
ences were observed in the attractiveness of the genotypes to the pre­
valent pests. Evaluation of the glycoalkaloid content of these lines 
showed attractiveness to the fruit worm and the army worm to be related 
to tomatine concentration. Feeding studies with H. zeα showed that 
tomatine has a definite antibiotic effect on the larvae of the pest. 
Mortality rate and life-cycle time increased , and larval , pupal , and 
adult size decreased as tomatine concentration in the diet increased 
(Fig. 2). Tomatine has attraction as a natural antibotic agent since 
the -alkaloid disappears as the fruit Y;pens (7). Studies are under 
way to determine in greater detail the changes in concentration of toma­
tine as tomatoes develop , mature , and ripen. Studies are also being con­
ducted on the genetics of variation in tomatine concentration. 

PROCESSING QUALITY 

One of the major goals of the UCO processing-tomato breeding pro­
gram has been an improvement in the quality of processing cu ltivars. 
As indicated earlier , the development of cultivars suitable for mechani­
cal harvest has degraded certain processing characteristics and made it 
difficult to maintain and improve quality . The most striking relation­
ship is the negative one between soluble-solids content and yield . 
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Numerous studies have shown that as yields are increased through the 
development of new higher-yielding cultivars or through changes in cul­
tural practices , the solids content of the fruit generally decreases. 
Experience has also shown that changing the genetic potential for one 
major component of the fruit affects other major fruit components. 

SlJ GARS 

The most prevalent organic components of tomatoes are the reducing 
sugars fructose and glucose. Generally they constitute at least 50% of 
the total solids of most cultivars. Processors are interested in soluble­
soìids content primarily because it relates to case yields of products , 
which are sold on a solids basis. Paste , the most important product in 
California , has as a part of its identity standard a certain soluble 眉 solids
content. It has also been shown that the sugars make an important con­
tribution to the flavor of tomatoes. 

A major emphasis of our program has been to increase soluble-solids 
content in high-yielding cultivars. 
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Much of our program has centered on the high-solids breeding lines 
developed by C.Rick from an interspecific cross with Lyσopersicon σhmie­
Zeωskii (9). It is extreme1y difficult to transfer the hìgh-solids poten­
tial of the Rick high-sugar lines to a genotype which is satisfactory 
for mechan i ca 1 ha rves t. We recent 1 y undertook a s i ngl e seed descent pro-
gram with the Rick mater汁 al. Experience had indicated that yield poten-
tial is reduced as high solids are selected , and solids are reduced as 
yield potential is selected. It is hoped that the single seed descent 
program will result in a combination for solids and yield potential not 
obtained previously. More than1600 F6 families were evaluated in 1978. 

One of the likely reasons for the adverse relation between solids 
and yield is that high-yielding cultivars , having a heavy concentrated 
fruit set on a compact vine , do not have enough photosynthate available 
to give high solids in the fruit. An additional approach we have taken 
is to evaluate diverse tomato genotypes for differences in photosynthetic 
efficiency. Augustine showed a large variation for carboxylation effi-
ciency among genotypes which have varJ汁 ng chlorophyll content in the 
foliage (2). Several lines with high chlorophyll content in the leaves 
had high carboxylation efficiency and in seqregating populations there is 
an association between carboxylation efficiency and chlorophyll content 
(Fig. 3). The chlorophyll content is conditioned by a major gene (1) , so 
we are developing isogenic lines to test the precise effects of these 
chlorophyll mutants. If genes for high carboxylation efficiency could be 
coupled with others for high translocation efficiency to the frui~ and a 
reduced respiration rate by the fruit , then _higher yi~ld potential~and/o~ 
h fgher so11 ds content mf ght be expected .Of the cu1tfvars current1y used 
in - California , VF 145-7879 has the highest fruit solids. Several recent 
experiments have shown that fruit of this cultivar have a. lower.r~spira-
tion rate than other cultivars , which may contribute to their higher 
solids content. 

At present , the solids content can be improved much more through 
controlled cultural practices than through plant breeding. Several 
studies have shown that judicious use of irrigation water can improve 
fruit solids content with 叫 nimal effects on yield (11). 

ACIDS 

The tomatols organic acids are an important processing characteris-
tic , since they are a major factor in determining pH. Since tomatoes are 
processed as an acid fruit , a pH of less than 4.5 is desiγable for safe 
processing; a higher pH can result in problems with thermophilic organisms 
such as BασiZZus σoαguZans . It is well establishad that acid content 
and pH are important factors in tomato flavor. 

The firm-fruited cultivars sometimes have reduced acid levels. 
Sirice these cultivars have a smaller locular area , they also tend to 
have a higher pH because acid content is higher in the locular than in 
pericarp tissue. To help alleviate this problem , we made crosses with 
high-acid genotypes to incorporate genetic potential for higher acid 
concentration. Primarily , we used PI 263713 from Puerto Rico , character­
ized by an unusually high citric acid content under simple genetic con-
trol (1 5). Crosses between PI 263713 and the smaller-locular-area firm-
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fruited genotypes have resulted in breeding lines with 
centration and lower pH. The low-acid problem appears 
solve than the low-solids problem. 

ALCOHOL-INSOLUBLE SOLIDS (AIS) 

As indicated earlier , the firm-fruited cultivars have higher levels 
of AIS. The consistency of the products made from tomatoes is closely 
related to the concentration of these components , which are generally 
considered to be cellulosic and pectic compounds (Fig. 4). High AIS 
results in thicker catsup and sauce products , a desirable trait. The 
development of the firm-fruited cultivars has resulted in the possibility 
of making sauce and catsup products thicker than previously possible. 
Buyers prefer paste made from these firm-fruited cultivars because it 
reconstitutes into thicker products. 
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Fig. 4. Effect of change in concentrations of water insoluble poly-
saccharides (山 ISPS) ， water soluble polygalacuronides (WSPG) , 
wa!er soluble po~ysa~charides (WSPS) and acid hydrolyzed 
polysaccharides (APS) on gross viscosity of tomãto puree (16). 

Not all high-viscosity cultivars have firm fruits , but , within our 
germplasm , it has been relatively easy to select for high viscosity 
simply by selecting for firm-fruited genotypes. The increase in AIS 
has resulted in a further decrease in the soluble solids content of the 
fruit. Since available dry matter is limited , partitioning more of it 
into the AIS decreases other major components. Our efforts have indicated 
that it is much easier to get high soluble solids in a soft-fruited than 
a firm-fruited cultivar , probably because there is less demand for photo-
synthate for the AIS. It is possible to develop low-yielding cultivars 
which have high AIS , high soluble solids , and high acidity , but it is 
extremely difficult to get this combination together in a high yielding 
cultivar. 

CO L. OR 

Much of our direct effort on color has involved the crimson (og) 
and high-pigment (世) characters. We have generally avoided the 盟 alone ，
because of its adverse effect on the vitamin-A content of the fruits. 
Ou川 nterest in the 旦旦 ， bQ combination resulted from informal info 鬥nation
that that combination overcame some of the adverse effects of the hQ alone. 
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We s ta rted the program by obta i n i ng "0ttawa 67 , 11 wh i ch has both of these 
genes . A backcross program has been used with selection for the bQ in 
the seedling stage (8 ) and selection for 旦旦 during flowering by putting 
the plants under cool-temperature conditions. That is a nice combina-
tion , since it is possible to assure that progeny to be screened fðr 
horticultural conditions contain both genes before they are planted in 
the field. The 盟，且 combination results in fruit with a beautiful 
color , and it appears that progress has been made ín getting this com­
bination into desired hortícultural types. The principal problems have 
been a lack of seedling vigor and an open vine that allows sun damage. 
The fruit must have good foliar coverage because their darker-green 
immature color makes them more susceptible to sun damage. The high 
lycopene conditioned by these genes appears related to changes in 
fruit flavor. There is a relationship between the volatile-compound 
composition of tomato fruit and their carotenoid content (13). 了 he
high-lycopene content results in higher levels of certain volatiles which 
may contribute to an off-flavor defect. The importance of this change 
to the flavor of processed products remains to be tested. 

NUTRITIONAL QUALITY 

The major nutrients of tomatoes are vitamins A and C. The bQ re­
sults in about a 25-50% increase in vitamín-A content , whereas the 旦旦
results in about a 25% reduction. The 豆豆， h旦 combínation has about 
25 % greater vitamin - A than standard cultivars. Although we do not rou­
tinely evaluate the vitamin-A content of breeding lines , it is evaluated 
in lines where the color-difference meter indicates a substantial change 
in color. 

The vitamin - C content is related to fruit size and shape as well as 
to locular content , and depends on the amount of light hítting the 
fruit and the amount of fruit surface exposed to the light. As a conse-
quence , smaller-fruited cultivars tend to have higher vitamin-C content. 
The vitamin-C is highest near the skin and in the locu 1 ar tissue , which 
means that the firm-fruited cultivars tend to have lower vitamin-C levels. 
Certain of the elongated cultures have lower vitamin-C , and that is be-
lieved attributable largely to their denser foliage , reducing exposure 
to the sun. 

In an attempt to increase the vitamin-C potential of processing 
tomatoes , we have made crosses with the cultivar "Doublerich 'l , which 
has a vitamin-C level double the normal. Several years of experience 
with the progeny of a backcross program with selection for high vítamin­
C level indicates that it will be difficult to develop a high-yielding 
cultivar with a substantially higher vitamin-C level. 

PEELING CHARACTERISTICS 

Whole-peel tomatoes are a very important economic product for the 
processor. Losses in processing of the whole-peel pack are tremendous , 
since peeling losses tend to be high and only a small percentage of the 
fruit peeled are acceptable as a whole-peel product. In California , 
about five tomatoes are peeled for every one that actually ends up in a 
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whole-peel product. Peeling losses average 18-20% on each fruit peeled. 
The requirements for a good whole-peel cultivar include an intact fruit 
with a peel that is easy to remove , coupled withuniformcolor and lack 
of discoloration 只. Unfortunately , tomatoes which are easy to peel tend 
to be very soft; the firm-fruited cultivars are difficult to peel. This 
relationship , coupled with a tendency for the white area in the vascular 
tissue mentioned earlier , makes the firm-fruited cultivars less than 
ideal for a peeled product. 

We have been attempting to use the easy-peel gene in improving the 
peeling characteristics of firm-fruited cultivars. Crosses have been 
made between easy-peel material and the firmest-fruited lines , with 
subsequent selection for a combination of fruit firmness and peelability. 
At this stage it is difficult to assess how successful the effort will 
be. It is difficult to obtain the combination , although there are some 
indications that it will be possible. Heavily stressed in our program 
for peelability are the uniform-ripening characteristic and lack of 
internal discoloration. 

FLAVOR 

It is difficult to assess the importance of flavor to consumers of 
processing tomatoes. In heavily seasoned products , of course , the fla-
vor of the tomato makes little contribution , but in other products , such 
as whole-peel tomatoes , tomato soup , and tomato juice , the flavor of the 
raw product is very important. Improved flavor has not been a major 
goal of our breeding program. Our studies with fresh-market tomatoes 
clearly indicate that if cultivars can be developed which have higher 
soluble-solids content and high acid levels , the net result will be 
improved flavor (17). There are also certain volatiles which have been 
shown to contribute to good tomato flavor. Particularly striking is the 
result with 2-isobutyl thiazole , which has been shown to make an impor­
tant contribution in certain cultivars with a reputation for good flavor 
(14). The problems of breeding for higher concentrations of a specific 
volatile compound have been dealt with only in certain specialized 
situations and would be difficult to manage in most breeding programs. 
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An unusually large array of germp1asm is avai1able for breeding im-
proved cultivars of the tomato. The sources comprise modern cultivars , 
older outmoded cultiva門， primitive cultivars (land races) , wild forms 
of the cultivated species Lyσopersiσon esσuZe的問州 11 ., and re 1 a ted , 
exclusively wi1d species. Avai1able in increasing numbers for the past 
50 years , these mater、 ials have already been used by tomato breeders to 
solve many serious production and quality problems. Although many battles 
have been won , other adversaries and numerous areas for additiona1 im­
provement remain to chal1enge current and future programs. 

The area of greatest achievement is possib1y that of disease resis-
tance. Utilizing these varied sources of germplasm , workers have sought 
and found resistance to more than a dozen serious pathogens. Further , the 
list of acceptable improved cultivars with such resistances is impressive. 
As examples , certain new , important F1 hybrid cultivars have been bred 
with resistance to from five to eight different diseases each , based on 
intelligent manipulation of an even 1arger number of responsible genes. 
The role of the wild taxa as a source of such genes is particularly im­
portant - a point that 1 hope to develop later in this presentation. 

The primary purpose of this art i cle i s to enumerate the sources of 
germplasm and t o attempt to evaluate thei r potential for future improve-
ment of the tomato . For such evaluations and comparisons , a suitable 
unbiased measure of variabil i ty is needed . Modern developments in the 
separation and identification of isozymes have provided a tool of unsur­
passed precision for measuring genetic variation (6). The usefulness of 
this method for comparison of the tomato species is amplified by the 
additional feature that genetic analysis of progenies from controlled 
hybridization permits identification of the genetic loci and their compo­
nent alleles , the immediate products of which are al1ozymes. The capacity 
of al10zymes to index variation re1iably in tomatoes has been established 
by the fact that the results are concordant with observations of variation 
in morphological and physiological characters in all species thus far 
tested: L. σheesmα叫王 (1 9) ， L . σhrr臼ZeùJskii a nd L. 仰的ifZorum (23) , L. 
hirsμtum (22) , a n d L. jJimp仰eZZ王丹江仰7 (21). Studies on the other species 

αPart of our research reported here was supported by DEB 76-1041Q. DEB 
77-02248 , and prior grants by the National Science Foundation . ~Depart­
ment of Vegetable Crops , University of California , Davis. 
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are not yet complete but enough data have been obtained to give an appro xi­
mate idea of their variability patterns. Frequent reference will be made 
to al10zyme analysis. 

SOURCES OF TOMATO GERMPLASM 

In comparison with crop plants in general , the status of tomato 
germplasm collections is relatively satisfactory. This situation can be 
attributed partly to the very high level of autogamy in L . escu leηt肌
and certain related species , which protects the purity of accessions , and 
to the relatively extensive recent activity in collecting new material. 
AVRDC maintains the largest collection of tomato germplasm , consisting of 
4752 accessions in all categories in addition to numerous breeding lines 
adapted to tropical conditions. The second largest collection - to a 
large extent duplicating that of AVRDC - is the 4 ,163 items of the U.S. 
Department of Agriculture at its North Central Regional Plant Introduction 
Station at Ames , Iowa. A collection of some 1, 600 items , specialized in 
tomato species , genetic , and cytological lines is maintained by the Tomato 
Genetics Stock Center , Department of Vegetable Crops , University of 
California at Davis. Smaller col1ections , mostly of a specialized 
nature , are kept at other locations. 

THE CUL T1 VATED FORMS OF L. ESCULENTUM 

The major source of variation used until now for tomato improvement 
has been assorted cultivated forms of L . esσμ勻的um ， including breeding 
lines as well as the aformentioned categories of cultivars. The results 
have been spectacular , yet the inadequacies of this source are evident 
in the frequent excursions made into germplasm reserves of the wild 
taxa. The limitations of the cultivated sources are particularly evi-
dent in attempts to gain pest resistance and to improve color , flavor , 
and other quality components. 

It is noteworthy that some of the most spectacular gains have been 
made by exploiting spontaneous monogenic mutations. The mutant of 
possibly greatest economic impact is determinate or self-pruning ( 三且)
plant habit . Determinate plants are compact with precisely restricted 
growth and concentrated flowering. The agronomic consequences of 三且
are a plant form more amenabìe to cuïtivation and to hand and machine 
harvest and a greater concentration of fruit set than that permitted 
by indeterminate habit (17)';nOther genes that have been or are being 

可 n '-1 ~JII ':_':~ .J... '___II utilized are j_，主呈， and 主三一 - the "jointless" series preventing 
easy abscission of fruit and retention of the undesirable pedicel stubs; 
妞， the fruit color intensifier; 旦旦~， the crimson gene that partly 
suppresses synthesis of ß-carotene , thereby improving color for certain 
products; nor and rin , the ripening inhibitors; and a long list of genes 
that condition disease resistance (references for these genes in review 
by Rick , 15). Genes that promote the development of parthenocarpic 
fruit (自主 and 盟主-~) are receiving increasing attention by several 
investigators (7~ ， 9). One i 川riguing possible application of he內di ta ry 
parthenocarpy is to improve yields of the hitherto highly unfruitful 
autotetraploids (1) . Genetic changes in L. esσulentum can be readily 
effected by induced mutation. An impressive array of X-ray induced 
mutants has been assembled by Stubbe (27 , a paper that also enumerates 
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As already mentioned , the array of genotypic variation in cu1tivated 
L. esσulentum is 1imited. Compared with variation in . the wi1d taxa , 
it is minima1. A simi1ar situation prevai1s in many cu1tigens - for 
instance , muskme10ns (3). The extent of these 1imitations is de1ineated 
by the fo11owing comparisons of a110zyme variation. 

The overwhe1ming majority of esσuleηtum cu1tivars are monomorphic 
at some 25 10ci coding for isozymes. The exceptions consist of seven 
alleles , four of which are 1imited to the native range of the genus 
in the central Andes. Essentia11y the same situation prevai1s for var. 
σeY'αsifoY'me (20). In contrast , 14 variant a11e1es have been detected 
at 8 of 14 tested 10ci in the close1y re1ated L. cheesmαnii (19) , 41 
variant al1eles at a11 of the 11 tested 10ci , scarce1y any 2 individua1s 
having the same genotype in certain popu1ations L. p王mp王nellifol至um ，
and the extent of al10zyme variation is known to be even larger in 
the obligate1y outcrossed se1f-incompatib1e .species. By this measure , 
cu1tivated L. es σulentum ， particu1arly the extra-Andean mater、 i a 1 i s depau­
perate in variability in comparisons with the wi1d species. 

It is not difficu1t to account for this remarkab1e uniformity of the 
extra-Andean cu1tivated forms of L. esσulentum. As suggested by Rick and 
Fobes (20) 雪 "Migration of L. esσulentum var.σeY'αsiforme from its native 
Andean region through the great distance to Mexico was undoubted1y 
accompanied by frequent restriction in popu1ation size. Simi1ar restric­
tions were undoubted1y experienced during domestication and transport of 
the tomato to Europe . Passage through such bott1e necks , undoubted1y 
under se1ection pressure (Founder Principle) , wo叫 d have tended to reduce 
genetic variability. The autogamy enforced by 1ack of appropiate polli­
nators in the non-native regions wou1d have 1ed to rapid fixation of 
genes , further depletion of genetic variabi1ity , and consequent extreme 
u n i f 0 rm i t Y . 11 

THE WILD TAXA 

In view of the restricted genetic variabi1ity of esσulentum cu1tivars , 
it is important to assess the potentia1 of the wild taxa , including var. 
σeY'αsifoY'me of L. esσulentum and the related exc1usive1y wi1d species. 

The significance of this group is epitomized by the list of genes 
that they have contributed for resistance to serious tomato diseases. 
The fol10wing thirteen examp1es are 1isted according to the source species: 

L. esσμ泌的問 var.σeY'αsiforme: Anthγacnose (ColletotY'ichum spp.) , 
col1ar rot ( Alterna叫α solα叫 )， vertici1lium wi1t (VeY'ticillium αlbo-α的um) . 

L. σhileηse : Cur1y top virus. 

( LWMU?:B圳It i s mo 1 d (Bo向山 σ仰的)， sep叫 a 1叫 S川
SeptoT九αsp. , 

L. peY'ω仰叫m : Corky root (Py Y'enoσhαete teY'Y'estY'is) , root-knot nematode 
(Meloidogyne iησogn王tα ) ， tobacco mosaic virus. 
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L. pi給你ellifolium: Fusarium wilt (Fus arium 0句sporum f. lyσopersici) , 
gray leaf spot (s的mphyll主um solani) , leaf mo1d (Clαdospori肌肉lvum ) , 
spotted wi1t virus. 

Observations on the auteco1ogy of the wi1d species can faci1itate 
the search for potentia1ly useful traits (13). The value of species 
collections wou1d be greatly amplified if such information were avai1ab1e 
for each accession. A few notes by the co1lectors regarding the physical 
and bio1ogica1 nature of each site could yield clues as to the virtues of 
the respective accessions. It is particularly in the area of stress 
resistance that clues can often be found regarding the presence of valu­
able genes . Examp1es of such relationships are given under the respective 
tomato species. 

L. ESCULENTUM VAR . CERASIFORME (DUN . ) A. GRA Y . 

Embracing the sma1l , cherry-fruited wi1d and cultivated forms , this 
botanica1 variety is now widespread throughout the tropica1 and subtropi ­
ca1 regions of the world. As a matter of fact 9 var.σerαs王forme is such 
an aggressive weed that it is difficult to ascertain its tru1y native 
region . If the native area is arbitrar汁 1y considered as the Ecuador-Peru 
region , which is the center of distribution of the gen us Lyσopersiσοη ， 
the same interesting differences in genetic variability aγe ascertained . 
Thus , within Peru , var .σerαsiforme is r é1.ther variab1e , differing from 
one region to another in zymotype and sometimes variable within popu1ations . 
At least part of this variation seems to be attributable to introgression 
of genes from L. pimp初ellifolium (25). In contrast , var.σerasifoY1ì昭
from all other regions is almost monomorphic , the same zymotype as that 
of the cultivated tomato prevailing (20) . A possib1e reason for this 
situation was discussed in the preceding section in relation to cu1tivated 
L. esσulentum. It is therefore reasonab1e that in ~he search for desired 
characters , particularly disease resistance , the Ecuador-Peru forms have 
contributed more than al1 the remaining accessions considered together . 

In keeping with the aforementioned indices of genetic variability , 
the Ecuadorian-Peruvian forms vary to the greatest extent in their eco­
logical adaptations. On the Peruvian coast they survive relative1y xeric 
conditions. In the Ecuadorian-Peruvian high1ands they are found in 
re1ative1y mesic conditions. Eastward , they thrive in the wet tropics . 
Under the 1ast mentioned conditions , var .σerαsiforme is the on1y taxon 
of Lyσopers王σon that survi ves , growi ng to maturi ty and produci ng fruit 
abundantly despite the early death of esσule的um cu1tivars grown under 
the same conditions. It is therefore logica1 that accessions from these 
regions have provided genes for resistance to such fo1iar funga1 diseases 
as Clαdosporium fμlvum. 

L. PIMPINELLIFOLIUM (JUSL . ) MILL. 

This is the most c10sely related of the tomato species to L. esσu­
lentum in respect to morpho1ogy and crossability; in fact , the interspe-
cific cross can be made as readily as hybridizations within either species , 
and the F1 hybrid and subsequent generations are fully viable and fertile. 

Previously considered a relative1y uniform taxon , L. p-[mp王ηellifolium
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has proved to be quite heterogeneous in the fo110wing respects. According 
to an extensive a110zyme survey (21) , it is very uniform and high1y se1f­
po11inated at the N and S margins of distribution , but becomes vast1y 
more variab1e and is cross-po11inated up to 40% in north centra1 Peru. 
In view of these regiona1 differences , testing and eva1uation must be 
done according to the extent of variabi1ity if the germp1asm in this 
species is to be proper1y exp10ited. Re1ative1y few individua1s per 
accession shou1d suffice for the margina1 regions , whereas testing of the 
north centra1 region requires that 1arge numbers of individua1s shou1d be 
tested per accession. This species has a1ready contributed significant1y 
to the repertoire of disease resistances as we11 as improved co10r and 
other fruit qua1ity attributes. Possession of wi1t resistance might 
have been predicted for the fo110wing rationa1e. This species is found 
mostly as a weed in cu1tivated fie1ds of the Peruvian coasta1 va11eys. 
These fields are irrigated by water that is diverted by ditches from the 
rivers into the fie1ds and the excess is drained back into the streams. 
This practice dates back to pre-Co1umbian civi1izations , possib1y some 
5 ,000 years ago. Even prior to the establishment of agriculture , leve1 
areas border in g the streams were probab1y subject to f100ding. This 
continual f1ushing provides idea1 conditions for the spread of the soi1-
borne wi1t diseases. Natura1 se1ection for resistance wou1d have been 
intense for any wi1d species that evo1ved under these conditions. 

L. CHEESMANII RILEY 

This species , endemic to the Ga1apagos Is1ands , is unique for its 
yel10w-t。一 orange fruit co10r and other morpho10gica1 characters. 
A1though L cheesmαη仿 crosses easily with L . esσu lentum ， the segr、egating
generations are subject to 10w viabi1ity and reduced fruitfu1ness. 
Ana1ysis of morpho10gica1 characters (10) and a110zymes (19) revea1s 
that it is highly autogamous , many wild populations veritably approxi­
mating pure 1ines. Despite such uniformity wi坐坐 populations ， genetic 
differences are frequently found b月主哇哇且 popu1ations and races of the 
specles. 

Among the various traits that have been breØnfrom L . σheesmαηii_， 
retention of fruit by the action of j-2 and j-2 '" genes are being 
exploited , p~rticular1y for cultivars bred for mechanica1 harvest , and 
thick pericarp offers opportunities for improving fruit durabi1ity (12). 
Our discovery of a coasta1 ecotype that thrives despite the high salin­
ity of its habitat 1ed to tests by Rush and Epstein (26) of possible 
sa1t tolerance. Their experiments demonstrated that such accessions can 
withstand concentrations up to 100% seawater and that this ability re-
f1ects sodium to1erance of the cel1s , not restrictions on uptake or 
translocation of sodium. The lack of disease and insect resistance 
often observed in fie1d plantings is predictab1e because , in its iso­
lated situation , L . σheesmαη王i evo1ved in the absence of such pests. 

L . CHMI ELEWSKII (23) 

This species is characterized by slender stems , re1ative1y simp1e 
form of leaves and inf10rescences , and fruit that ripen to a greenish­
white co10r. It is native to a restricted zone in the intercordi11eran 
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region of Depts. Apurimac and Ayacucho , Peru , and prefers mesic condi­
tions at mid-altitudes. According to our studies of its allozyme varia­
叭叭 ， L . σhemielezρskii is moderately variable and , though self-compatible , 
is subject to natural cross-pollination. 

L. PARVIFLORUM (23). 

Similar in most morphological characteristics and autecology except 
for its much smaller flower size and tendency to inhabit lower , moister 
situations , this entity is a sibling species of L . σmnieleω8 kii . It 
occupies the same territory but extends much farther northward , approach­
ing the Ecuadorean frontier. Like L . σheesmαni去 ， it is highly autogamous 
and is genetically uniform; indeed , in the first survey of allozymes , no 
exceptions were found to a monomorphic condition throughout the species. 
Rick et al. (23) offer the opinion that L . par viflorum originated 
sympatrically from L. σhm王eleωsk玉手 ， isolation having been achieved by 
acquisition of autogamy. Of the two species ‘ L. chmieleùJ8ki至 is the 
more amenable because it does not have the defo1iator (巨) gene , which 
leads to much weakness and lethality in esσulentum-pαrv王flol芳um progenies 
(2). Accordingly , L . σhmieleωskii was chosen as the source of high 
~oluble solids in the project to transmit this character to L . es σu leηtum 
( 14) . 

SOLANUM PENNELLII CORR. 

S . peηηell王i is another green-fruited species that hybridizes readi1y 
but uni1aterally with L. esσuleη tum. Desoite its ta xonomic classifica-
tion as a species of Solαη帥 ， peηnellii responds to a1l biosystematic 
tests like a species of Lyσopel's去σοη (18). Its distribution is limited 
to mid-e1evations in the western drainages of central Peru. A1though 
sympatrict with L. pel'UV王αηum in many sites , S . Pennell仿 occupies
the higher dryer elevations in situations that are the most xeric of any 
tomato species. The abi1ity to cope with such dry conditions seems to 
be vested in the capacity of peηηellii leaves to resist water 10ss (29) , 
a characteristic current1y being investigated. Pre1iminary a110zyme 
ana1yses revea1 a very high level of genetic variabi1ity - a condition 
that is concordant with the sε1f-incompatibi1ity found in a1l accessions 
except a sing1e collection made at the southernmost extension of its range. 

L . HIRSUTUM HUMB . & BONPL. 

Large robust p1ant size , dense hairiness , green fruits , and a rank 
odor characterize L . h 王臼仿rs羽叫S
species. It is native to the western watersheds of Peru and Ecaudor but 
a1so extends its range east of the continental divide in Ecuador and 
northern Peru. It can be hybridized with L. esσulent帥， but only if the 
latter is used as the female parent. Frequenting moist situations , 
often on streambanks , L. hi rsutum ascends to higher elevations than any 
other tomato species . Although not able to withstand frosts and freezing 
temperatures , the biotypes from the highest elevations (3 ,200 m) are 
more resistant to damage from chilling temperatures than those from 
lower elevations according to unpublished research of E. Vallejos and 
J.M. Lyons of the University of California at Davis. The freedom from 
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insect attack that is often observed in the wild and in cultivation 
augurs well for the use of this species as a source of insect resistance. 
The pattern of genetic variability in L. hirsutum is remarkably similar to 
that of L. pimpinell句。li肌 in respect to extreme uniformity at the 
northern and southern extremities , with increasing variability toward 
a maximum north central Peru. The least variable accessions are self­
fertile and the most variable in the center of the distribution are 
self-incompatible (22). 

L. PERUVIANUM (L.) MILL . 

This species and L. chilense form a subgeneric complex that is se­
parated from the rest of the genus by a severe incongruity barrier. 
The cross with L. esσulentum can be made normally only with great effort 
and application of sterile culture. The species is distributed rather 
widely in Peru along the coast and western drainages , extending southward 
into northern Chile and northeastward irregularly into the canyon of Rio 
Marañon. L. peruvi的um is undoubtedly the most variable of the tomato 
species. The outcrossing enforced by the strict self-incompatibility pre-
vailing throughout this species undoubtedly provides high generic varia-
bility. At least 35 races can be distinguished; furthermor宅， within 
most races marked variation in morphology and zymotype can be detected 
between populations and between individuals in populations. The ecological 
preferences are fairly constant , L. peruviαnum generally being found 
in mesic to dry situations throughout its range. Because it is immensely 
variable and because hybridizations are difficult , only the tiniest 
portion of the available germplasm of this species has been exploited by 
breeders. 

L. CHILENSE DUN. 

Although most closely resembling L. peruviαnum ， it can be distin­
guished by several morphological characters. The ranges of the two 
species overlap in southern Peru and northernmost Chile , but the range 
of L. σhilense extends farther south in the latter country , at least to 
the latitude of Taltal. Like L. peruvianum , it is entirely self-incompa­
tible and relatively variable , although the paucity of accessions does 
not allow a good assessment. The ecological preferences are similar but 
L. σhilense tends to prefer dryer situations. Since hybridizations with 
L. esσulent肌 are somewhat easier to make with L. σhilense than L. peru­
vianum , the former is a more accessible source of desired germplasm. 
Like L. peruv王αη帥， its germplasm potential has scarcely been realized. 

UNIFORMITY VS. DIVERSITY 

Collections of tomato germplasm are hardly worth acquiring if they 
are not effectively utilized and properly maintained. From the foregoing 
considerations of mating systems and the nature of genetic variability in 
the tomato species , it is clear that utilization and maintenance must be 
tailored to fit the requirements of each species , and , in certain cases , 
to regional types within the species. For highly autogamous accessions , 
which are usually monomorphic , a few plants suffice for testing and pro­
pagation . For the highly outcrossed , highly polymorphic accessions , 
these activities must be conducted on a much larger scale to be effective. 
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No system can preserve indefinite1y and exact1y the 0~igina1 variation in 
accessions of the ob1igate1y outcrossed species , but every effort shou1d 
be made to approximate it as c1ose1y as possib1e. Induction of f10werinq 
in day-1ength sensitive biotypes and obtaining sufficient reproductive 
iso1ation pose additiona1 prob1ems in this group. This topic is treated 
in greater detai1 e1sewhere (16). 

CLOSE VS. DISTANT SOURCES 

Most specia1ists maintain that , in seeking specifica11y desired 
characters , the easiest sources of germp1asm shou1d be exp10ited first 1 

the most distant1y re1ated forms being uti1ized on1y as a 1ast resort. 
Whi1e this po1icy is reasonab1e from the standpoint of achieving 
immediate goa1s with the 1east expenditure of time and effort , it 1eads 
to neg1ect of the tremendous reserves of germp1asm in the wi1d species. 
Breedlng from the 1atter is often a 10ng , tedious , and sometimes un-
successfu1 enterprise. In such projects , the breeder attempts to 
transfer one or a few desired characters , but avoids inc1uding the great 
bu1k of the wi1d genes , near1y a11 of which code for unacceptab1e pheno­
types. 

These considerations revea1 the need for a type of genetic activity 
which has become known as "deve1opmenta1 breeding. " Instead of contin-
uing the breeding program from the initia1 crosses between the cu1ti-
vated and wi1d parents to the u1timate conc1usion of finished cu1tivars , 
it strives on1y to transfer the genes from the wi1d parent into a genetic 
background of the cu1tivated species and to eva1uate their expression 
there . By thus incorporating the new genes in a re1ative1y advanced 
form , the investigator provides mater、 ia1 that is far more usefu1 to 
the p1ant breeder than the wi1d accession in which the desired genes 
were first discovered. 

Developmenta1 breeding a1so serves other important purposes. The 
effects of count1ess other genes of the wi1d parent may be observed as 
they are introgressed into the cultivated mi1ieu. A1so in the course 
of such manipu1ations "nove1 variations" are first observed. These 
frequent1y encountered deviating characters , which are not norma11y 
detected in the parents and are therefore unpredictab1e , have been dis­
cussed e1sewhere (24 , 11). Additionai interesting aspects of such pro­
jects are the inheritance of wi1d characters in the new background , the 
manifestations of incongruity , hybrid steri1ity , and other causes of 
unfruitfu1ness , a11 of which bear important1y on evo1utionary theory. 
Despite these high1y usefu1 aspects of deve1opmenta1 breeding , it is 
an activity that is bad1y neg1ected current1y in respect to support and 
interest. 

The opportunities for research and service to other workers in the 
area of deve1opmenta1 breeding are bound1ess as the fo11owing considera­
tions revea1. The tomato species are not homogeneous entities. Whereas 
certain characters (for examp1e , the taxonomic key characters) are con-
stant within a given species , a vast1y 1arger number are variab1e. The 
behavior of a given wi1d a11e1e in the esσu le的um background wi11 not 
be known unti1 it is transferred there. It therefore fo11ows that an 
un1imited fie1d of experimenta1 breeding exists unti1 answers are known 
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to all questions that might be asked about the outcome of introgression , 
even from a single wild species. L. peruviαnum might be considered as 
an example. As indicated above , the extent of genetic variation in thts 
species ís enormous at the levels of race , population , and individua l. 
Now , the dimensions of a project aimed at assessing the breeding potential 
of 坐1 variations existing in L. peruvianwn when transferred into L. es-
σulentwn strains the imagination and is , of course , physically impossible 
on any conceivable basis of research resources. Yet , it must be remem­
bered that this source of germplasm is available for exploitation and 
may serve as a rich resource in the future. It is doubtful , further-
more , whether any significant amount of wild germplasm will be utilized 
until developmental breeding is vigorously promoted. 

It can be concluded that the opportunities for further、 improvement of 
the tomato are bright. It is futile to debate the relative potential 
value of the major sources of variation. In the long run they may all 
play important roles; to neglect any of them would be shortsighted. 
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Top to bottom: Hybrid populations are advanced by using a single seed to 
perpetuate succeeding generations until the desired degree of homozygosity 
is achieved. AVRDC uses the single seed descent method in its search 
for heat-tolerant tomatoes resistant to bacterial wilt. 開 s . Melor Rejab 
examines tomatoes at MARDI station in Malaysia. 



SINGLE SEED DESCENT - A NEW APPROACH TO THE 

IMPROVEMENT OF TOMATO IN THE TROPICS 

T.S. Teeα ， R.L. Villareal b and M. Rejabα 

The tomato ( Lyσoper叫σon e8σulentw什 is one of the most popular 
vegetables in the world and is becoming an important vegetable in the 
tropics. Recent statistics place the tomato as the most important vege­
table in Asia and Southeast Asia (3). Taiwan , Philippines , Thailand , 
and Sri Lanka regard it as their most important vegetable. It ranks 
second in Japan , Indonesia , and Bangladesh , and third aftercabbage and 
chillies in Malaysia. However , tomato production in the hot humid tropics 
is confronted with a number of problems. Diseases are the major limiting 
factor. In the 1 owl ands , bacteri a 1 wi 1 t ( P8eudomonα8 80切的仰的um) i s 
the prin~ipal disease , whereas , in the highlands , late blight (Phytopthorα 
infe8tαn ) is common. Another problem is temperature , which causes poor 
fruit set and , thus , affects yieìd. Although chemical sprays are avail-
able for crop protection , the most practical means to overcome problems 
of tomato cultivation in the tropics is through systematic breeding of 
disease resistant lines with tolerance to the high tropicaì temperatures. 

This paper describes the effectiveness of single seed descent (SSD) 
as a new approach to the improvement of tomatoes in the tropics , and 
emphasizes the importance of international cooperation to bring about 
rapid development of locally adapted technology for the farming community. 

HANDLING OF SEGREGATING POPULATIONS 

Hybridization followed by evaluation of the segregating progenies 
constitutes the basis of breeding procedures for many self- pollinated 
crops. Pedigree and bulk-population breeding are two classical methods 
used in handling hybrid-derived populations of self-pollinated crops. 

The pedigree method requires selecting superior progenies at each 
segregating generation and maintaining records of all parent-progeny 
relationships. This method is laborious and expensive , thus population 
size is generally kept small. The restricted population size minimizes 
genetic recombination and reduces genetic variability. Hence , the 
breeding potential of the parents that enter into the hybrid may not be 
fully exploited. 

αRespectively ， head and r~search officer , Horticulture Division , MARDI , 
Kuala Lumpur , Malaysia . UPlant breeder , Horticultural Crops Program , 
AVRDC , Shanhua , Tainan , Taiwan , Republic of China. 
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The bu1k-popu1ation breeding method invo1ves harvesting the p1ants 
in bu1k and taking a random samp1e to generate the next cyc1e. Large 
popu1ations can be hand1ed inexpensive1y . However , the efficiency of 
the bu1k-popu1ation method is restricted owing to the possibi1ity of 10ss 
of good genotypes through natura1 se1ection as the hybrid popu1ation 
approaches homozygosity (1 , 13). 

The SSD , first deve10ped by Gou1den (10) and 1ater modified by Brim 
(5) , appears to have the potential of overcoming the prob1ems of compe­
tition in bu1k handling hybrid popu1ations. This scheme invo1ves 
advancing hybrid popu1ations by taking a sing1e seed from each p1ant and 
compositing the seed to perpetuate the succeeding generation unti1 the 
desired 1eve1 of genetic homozygosity is obtained. Essentia11y , the sys­
tem ensures equa1 reproductive capabi1ity for every individua1 p1ant at 
each generation. It is expected that the SSD method wi11 maintain wider 
genetic variabi1ity than wi11 c1assica1 pedigree or bulk methods. Empig 
& Fehr (9) , compared 4 methods of developing soybean 1ines and concluded 
that SSD minimized the effect of natural selection and al10wed the use 
of greenhouse and winter nursery environments. In addition , SSD was most 
economica1 in terms of money spent for labor. In the computer simulation 
studies by Casa1i & Tigche1aar (6) , the SSD was found most effective where 
several traits of differing heritabilities are under simu1taneous selec­
tion. 

The SSD method of rapid generation advance in tomato was initiated at 
AVRDC in 1974 using populations from crosses invo1ving 3 parents with 
resistance to bacterial wi1t (2). According to Villareal (14) , emphasis 
was given to the wi1t pathogen because it exists in a number of pathotypes 
throughout Asia. The pathogen could not be imported to Taiwan primarily 
because of the danger of introducing a viru1ent pathotype into the coun-
try. Besides , it was fe1t that the development of bacterial wilt-resis­
tance lines should be undertaken in the country where the tomatoes wou1d 
be eventua11y grown so that the ro1e of genotype , pathogen , and environ­
ment in the expression to wi1t reaction cou1d be ful1y considered . In 
addition , under the pedigree and bu1k- popu1ation breeding , a se1ection 
made in a specific 10cation may not be necessari1y the best genotype in 
other 10cations. For examp1e , a heat-to1erant and wi1t- resistant geno­
type identified at AVRDC in a particu1ar c1imate wi11 not necessarily 
be we11-suited to other areas of the tropics. It is a1so possib1e that 
the genotypes discarded at AVRDC wou1d do we11 e1sewhere. Th i s wi11 not 
be a problem when SSD is used because the origina1 variability in the F2 
is advanced through to the F5. And the F5 lines are the ones sent to 
cooperators. 
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PROCEDURES USED FOR SSD (2) 

1. Ten F1 p1ants are grown to obtain as many F2 seeds as possible. 

2. 2 ,000 F2 plants are grown and 10 F3 seeds of each genotype are 
retained. 

3. Two F3 seed1ings are grown per genotype but only one plant is 
al10wed to produce fruit. 



4. Ten Fã seeds are co11ected from each genotype. Again , two seed-
1 i ngs 'a re grown , but on 1y one i s a 11 owed to produce frui t. 

5. A11 the F~ seeds are co1lected from each genotype and are avail­
ab1e to s 已nd to cooperators for screening at various locations. 

6. Selections are made by cooperators for F5 plants with p1ant traits 
desired at that locality. 

7. Seeds from the se1ected genotypes are then increased in the F7 
generation. 

8. At each 10cation , the cooperators can introduce the se1ected cu1-
tivars into appropriate seed production and certification programs. 

Where se1ection in the ear1y generation cou1d be practiced , a modi­
fied SSD is suggested by Villarea1- (14). Casa1i and Tigche1aa (7) found 
in tomato that a pedigree se1ection in the F2 and F 弓 generations ， fo11owed 
by SSD , wou1d maximize breeding progress. Pierce (11) showed a1so that 
SSD fo11owing one cyc1e of pedigree se1ection wou1d resu1t in progress 
equa1 to that obtained through the pedigree system a1one. 

AVRDC TOMATO COOPERATIVE PROGRAM 

AVRDC operates cooperative research programs with various tropica1 
countries , particu1ar1y in Asia , aimed at deve10ping techno1ogies to im­
prove tropica1 vegetab1e production . In 1977 , AVRDC supp1ied 1, 329 seed 
packets of e1ite breeding 1ines to scientists in more than 40 countr、 ies
(4) . 

We started to receive AVRDC materia1s in Malaysia in 1974 , and eva-
1uated them for 4 consecutive seasons in the same fie1d. Our 1atest 
tests indicate tha t SSD 1ines with heat-to1erance and bacteria1 wi1t re­
sistance have performed exceptiona11y we11 in the peat soi1 (Tab1es 1 
and 2). Co nsidering the complete destruction of check varieties , "Roma " 
and "Banting" (a local cultivar) , the SSD lines were impressive. Survival 
rate exceeded 50% and , i n certain lines , 90%. The results clearly indi­
cate the high degree of tolerance to the bacterial wilt pathogen. In 
add it io n, a number of breeding lines had fair to excellent fruit-setting , 
as evidenced by their good yields (Tables 1 and 2). We consider selection 
for res i stant genotypes a breakthrough in 門alaysia. Formerly , we could not 
grow tomatoes at MARDI without grafting them to wilt-resistant eggplant. 

In another separate experiment in Malaysia , SSD lines together with 
other AVRDC selections were compared. The tomatoes were grown on new 
peat areas where bacterial wilt symptoms have not been observed. The 
entries gave comparable yields (Table 3). We graded the tomato fruit 
into: >5 cm and <5 cm. Using these grades , 4 AVRDC breeding lines were 
bigger than Roma in the >5 cm category but comparable in <5 cm category. 

Thus far , the results of evaluating CL 555 with pedigree VC 8-1-2-1/ 
Venus//Kewalo , both at AVRDC and in Malaysia and Papua New Guinea , clearly 
show that se 1 ecti ons from a gi ven cross di ffer from country to country 
primarily because of varied environmental conditions (i .e. different 
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Table 1. The best yielding VC 6-1-1pjSatu吋jKewa10 i n a 
preliminary trial; 1977 , Malaysia. 

SSD Marketable yield Fruit Days to Survival b 

no. per plant ha slze flower rate 

-g- -tjha- -g- -days- - %-
16 598 30 42 34 85 

43 530 26 24 23 90 

14 525 26 42 27 65 

25 438 22 26 25 60 

47 420 21 56 28 80 

23 409 20 52 23 65 

44 362 18 33 26 70 

12 350 17 48 28 70 

α~~~~t~~ ~~v_~~~ -，- ~976b~r~ d. har~:st~~ J~~'rl~7~~ da~a _are 
means of 20 plants. vUnder natural epiphytotic of P. 80-

Zαηασeαrum ; check cultivar was completely wiped out by the 
disease. 

Table 2. The best yfe1dfngVC9-1-2-9B Venu2//kewa1o fn a 
preliminary trial; 1977 , Malaysia. 

SSD Marketable yield Fruit Days to Survival b 

no. per plant ha slze flower rate 

-g- -tjha - -g- 可 days- - %-

20 775 38 38 27 80 

30 445 22 41 28 80 

18 389 19 54 32 80 

34 336 17 50 30 55 

45 303 15 58 30 70 

35 288 14 49 30 70 

26 285 14 34 32 70 

α 

Plante~ ~~v ~6 ， .1976b~n~ harv~ste9 Ja~" 1~7~~ da~a_are 
means of 主o plants. ~ Under natural epiphytotic of P. 80-

ZαηασeαY'Wη; check cultivar was completely wiped out by 
the disease. 

strains of bacterial wilt , temperature fluctuations , etc.). However , it 
is also possible to select a genotype with wider adaptability , as in the 
case of SSD number 12 , which gave the highest yield both in the AVRDC 
and Malaysia trials (Table 4). 

228 



Table 3. Yield and other traits of AVRDC _breeding lines compared to a 
check cultivar; 1977 , Malaysia. u 

AVRDC selection Pedi gree Marketable 
(or cultivar name) yield 

-tjha-

555 F5 -16 VC 8-1-2-1jSaturnjjKewalo 31 

555 F5 -18 VC 8-1-2-1jSaturnjjKewalo 31 

555 F5 -49 VC 8-1-2-1jSaturnjjKewalo 29 

7d-1-0-1-0-0 VC 11-1-2-1BjFlorida 阿H-1 33 

9d-0-9-1-0-0 VC 11-1-2-1BjSaturn 34 

32d-0-1-1-0-0 VC 9-1-2-3jVenus 35 

(115) Romab 27 

LSD .05 

.01 

C.V. (%) 

ns 

16 

m 
p
」

-TL-FhJ 

e
一〈

「
3
一

+
L
一

﹒
『-
z
-

u-m 
F
E
一
戶
」

「
「
﹒-Fhd > 

-----g-----

54 24 

80 40 

46 24 

74 38 

64 38 

82 40 

56 36 

452 

司
S
B
-
-

F
K
J
f
h
u

門
〈
叫

14 

αData supplied by Mr. Leong Ah Chye and Dr. Thean Soo Tee , r什alaysia Agri­
cultural Research and Development Institute , Malaysia; Planted May 5~ 
1977 , and harvested 4 tim會 s starting Jul 16 and ending Aug 8; data are 
means of 4 replications. 人/ Check cultivar. 

Table 4. Marketable yields of the best SSD lines from 
VC 8-1-2-1jVenusjjKewalo in preliminary trials , 
AVRDC , Malaysia and Papua New Guinea. 

AVRDCα Malaysia b Pé! pua New Guinea σ 
SSD Yield SSD Yield SSD Yield no. no. no. 

-tjha- -tjha- -tjha-

12 20 12 36 22 48 

27 20 47 24 15 42 

15 20 16 24 18 38 

14 19 18 24 24 34 

Green Red 
Fruit Cloud 
(check) (check) 。 2 30 

αPlanted Aug 26 , 1977; means of 2 replications. bPlanted 
Jul 12 , 1976; means of 2 replications. Both AVRDC and 
阿alaysia trials were under natural epiphytotic of P. 80-

lanασeαrum. VData supplied by Mr. K.J . Blackburn , PIH悶，
Laloki , PNG; means of 2 replications. 
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We noted that some 1ines deve10ped through the pedigree method 
cou1d outperform some SSD derived 1ines. For examp1e , in the Indonesia 
tria1s SSD 1ine C1 503 F5-25 was not as good as the pedigree 1ines 
(Tab1e 5). Low yie1ds in this tria1 were due to inappropriate manage­
ment practices. The p1ants were trained to a sing1e stem thus 1imiting 
thei r producti on potent i a 1. These materi a 1 s , except "Venus 11 and 11 Bonset 11 , 
are a11 determinate , and do not require training to a sing1e stem. 

Tab1e 5. Yie1d of the be~t entries in Cipanas observationa1 trial; 1977 , 
HRI , Indonesia. ~ 

AVRDC selection Pedigree 問arketable Survival b 

(or acc. no.) (or cultivar name) yield rate 

-kgjplot- -tjha- -%-
32d-0-25-0 VC 9-1-2-3jVenus 3.92 11 100 

32d-0-1-13-0 VC 9-1-2-3jVenus 2.98 8 100 

32d-0-1 可 1-0 VC 9-1-2-3jVenus 2.38 7 83 

(L 95) Venus 1. 90 5 78 

CL 503-F5-25 VC 9-1-2-9BjSaturnjjKewa1o 1. 64 5 71 

Bonset (check) 1. 05 3 64 

LSD .05 0.56 

.01 0.75 

αData supplied by Dr. H. Sunarjono and Mr. S. Sahat , Horticulture Research 
Institute (HßI) , Pasar Minggu , Indonesia; planted Oct , 1976 and harvested 
Jan , 1977. vUnder natural epiphytotics of P . 30lαηασeαY'wn . 

IMPACT OF SSD 

One objection to SSD is genetic drift or a great 10ss of desirable 
alleles (12). This objection , however , could be partially overcome if 
large populations could be maintained to advance generations. With large 
popu1ations , gene frequencies could be stabilized since each plant is 
represented in each succeeding generation. Thus every individual plant 
would have equal opportunity of being represented at each generation 
until the final selection to isolate potential lines. AVRDC has demon 咱
strated handling as many as 2 ,000 F2 lines as initia1 materials using the 
SSD. Another disadvantage is that much of the mater、 ials advanced through 
SSD wil1 be worthless. Our experiences with tomatoes suggest that the 
advantages of using SSD outweigh its disadvantages. 

The advantages of SSD are: generation time can be shortened and com­
petitive effects among heterozygous individuals can be averted as testing 
~s.delayed until the F5 generation when plants are more or less homozygous 
(8). Another advantage of SSD , particularly in deve10ping countries , is 
that less supervision by a trained plant breeder is required to carry 
out simple yield trials. In these countr、 ies ， there is a lack of trained 
plant breeders assigned to vegetab1e breeding. 
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However , the more important aspect of SSD at AVRDC is the cooperative 
evaluation of advanced generation lines at various cooperating national 
programs. At Fs , the segregating population is approaching homozY90sity 
and if any of the line should perform well in a specific country , the line 
can be developed into a variety and seed produced quickly for the farming 
community. Selections are made by the cooperator himself at a specific 
climatic condition and for the consumer demands of a particular region. 
Therefore , plant breeders of national programs become active cooperators 
with an international agricultural research center. When the time comes 
to introduce the selected cultivar into their seed production and certi-
fication program5 , they will do 50 as active participants in the creation 
of such cultivars. Thus , AVRDC'5 SSD technique for tomatoes , and the 
cooperative project5 between AVRDC and various local and national programs 
in the tropics , can help accelerate the development and adoption of new 
tomato varieties. 
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〈歹 tomatoes
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The breeding program at Khon Kae n University a i ms 
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TOMATO IMPROVEMENT PROGRAM AT KHON KAEN UNIVERSITY 

Thaworn Kowithayakornα 

INTRODUCTION 

Ninety percent of the work of the tomato improvement program at Khon 
Kaen University is processing tomatoes because of the high potentia1 crop 
yie1d per unit area. In addition to the high crop yie1d , farmers can 
grow processing tomatoes on a 1arge scale and seem to have fewer marketing 
problems than with table tomatoes. In Thai1and , at the moment , factories 
concerned wi th tomato products a re confronted wi th the prob 1 em of i n-
sufficient raw materials for the machines , and the fruit qua1ity does not 
meet standard requirements. 

Low crop yie1d per unit area is responsible for the poor quantity 
and qua1ity of processing tomatoes. Factors invo1ved with 10w crop 
yie1d are: hot c1imate , too high a temperature at fruit setting (Tab1e 
1) , and frequent attack by pathogens , such as virus , nematodes , and 
bacterial wi1t. Consequent1y , the incidence of Cerσosporα1eaf spot , 
Sσ lerotium stem rot , early blight , late b1ight , and 1eaf mold are very 
common. Poor qua1ity ís 1ike1y due to poor fruit co1or , 10w solid con­
tent , high pH , low total acidity , low sugar content , cracked fruit sus­
ceptible to attack by microorganisms , ho1low fruit , and 10w vitamin C 
content. 一

The key to sufficient production of good qua1ity tomatoes is to 
breed for high yield and qood qua1ity when qrown under a hot and humid 
climate. Attempts to achieve this goal have been made by introducing 
35 processing tomato varieties and 325 table tomato varieties 
to Khon Kaen Un i vers i ty between 1970-1977. 1 t i s unfo rtuna te tha t few 
varieties have shown both high yie1d and good qua1ity even when the p1ants 
were grown under a mi1d c1imate (Tab1e 2). However , such high yields 
were drastical1y reduced under wet conditions (Tab1e 3). 

BREEDING PROGRAM FOR HIGH CROP YIELD 

Observations suggest that 10w tomato crop yie1d in Thai1and is assoc­
iated with high temperature , vi rus diseases" nematodes , and bacteria1 
wilt. 

αPlant Science Department , Facuìty of Agricu1ture , Khon Kaen University , 
Khon Kaen , Thailand. 
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Table 1. Mean yield of some tomato varieties as influenced 
by hot and mild weather during fruit setting period. 

Mil d weather' Hot Weather 
Varieties 10 Oct - 15 Mar 28 Dec - 20 Apr 

1972/1973 1973 

---------t/ha-----------一

Hawaii 476 79.7 59.1 

Hawaii Nss 46.1 36.5 

Rehovot 2 64.3 46.6 

Rehovot 219 78.0 33.0 

Rehovot 0827 77.8 

Chosen Elon 72.2 42.5 

NO 217 65.2 49.2 

Roya 1 Ace 44.4 36.5 

Nes- Zi ona 4 70.3 33.4 

Tropic 44.3 25.9 

Tropi gro 70.2 42.3 

Determinant Marmond 63.0 38.4 

Summer Marmond 76.6 33.9 

LSD .05 14.5 

To obtain high temperature resistant varieties. 

1. Select healthy plants with dark green , thick leaves , big stems , 
heavy fruit set , and many seeds per fruit when grown under high tempera­
ture conditions. 

2. Select plants with a high percentage of pollen viable under high 
temperature conditions. Only a few pol1en tubes can penetrate the style 
and reach the egg under high temperature conditions (9). Therefore , it 
is necessary to determine the number of pollen tubes which can penetrate 
the style and fertilize the eggs. This can be done by using the Kho and 
Bair method (6). Plants that have more fertilized eggs under high tem­
perature conditions should be selected. The selected plants will be 
crossed with plants that are good for other characteristics. 

3. Attempt to get tomatoes flowering in hot weather and select 
the plants or lines-which produce a short stigma under the anther cap. 
The best time to check stigma position is around 10 a.m. 

To obtain virus resistant varieties. The most important virulent virus 
for tomatoes grown in Thailand is tomato yellow leaf curl (7). This 
kind of virus cannot be transmitted by a mechanical transmission like 
TMV , CMV , and tomato bushy stunt. However , virus transmission can occur 
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when grafting the p1ants. Neverthe1ess , the grafting method used for 
virus transmission in the screening process to obtain resistant p1ants 
is disadvantageous because it is 1abor intensive and time consuming . 

White f1y ( Bemis iαtαbaσi ) is an insect vector ab1e to transmit the 
tomato ye110w 1eaf cur1 (2) , whereas MYz us pers臼αe， 川photett切 virescens ，
and N王Zαpαrvαtα lugens are unab1e to do so. Using Bemis王αtαbασ王 to
induce this symptom may be easier than grafting. 

Genera11y , the inocu1ation method for tomato ye110w 1eaf cur1 is 
not as simp1e as the one for TMV or CMV. An effective method or specia1 
techniques for screening resistant genes for this virus shou1d be deve-
10ped. Irrespective of high potentia1 for resistant genes of tomato 
p1ants , tomato ye110w 1eaf cur1 virus shou1d be inocu1ated with p1ants 
in subgenus Eriopers王σon.

Recent1y , the inocu1ation method deve10ped at Khon Kaen University 
seems to give promising resu1ts . It is underta ken by inserting a sma11 
piece of stem tissue from a tomato ye110w 1eaf cur1 p1ant into another 
p1ant stem. 

To obtain nematode resistant varieties. There appear to be two we11 
known species of nematodes which are considered dangerous to tomato pro-
duction in Thai1and: Meloidogyne iησognitα and M. jαvαnicα . In practice , 
there are two steps invo1ved in getting nematode resistant varieties: 

1. Growing tomato varieties that are known for nematode resistance , 
such as Lyσopers王σon peruv王αnum 0.1. 128657 (3) , HES 4521 (4) , Kewalû 
and Anahu (1; , VFN8 and VFN36 (5) , in soi1 inoc~lated with M. jαυαn&σα 
and M. iησogηitα . At high soi1 temperàture (35 U C) , these nematoqes 
produce more viab1e eggs than in the 10wer temperature ranges (10). The 
varieties or 1ines that show a high resistance to the nematodes wi11 be 
chosen. The chosen p1ants are then crossed with a desirab1e variety which 
is good for other characteristics. 

2. Grow hybrid p1ants or backcrossed p1ants in the presence of a 
high popu1ation of nematodes for 40-50 days. This is fo11owed by checking 
the occurrence of nematode ga11s . P1ants with nematode ga11s are dis -
carded , whereas those withut nematode gal1s wi11 be p1anted. The 
screening process is continued unti1 the fifth generation where the uni­
formity of resistant 1ines is assured. 

to obtain bacteria1 wi1t resistant varieties. The study of bacteria1 
wi1t ( Pseudomonαs solana仰的um ) strains is important to Thai1and because 
the viru1e的 strain has not been reported yet. Sir叫 taneous1y ， there is 
also a need to 1earn which varieties of tomato possess resistant genes. 

To meet the above objective , screening for the resistant varieties 
is the first step. Norma11y , resistant 1ines can be obtained by growing 
tomato p1ants in soi1 inocu1ated with the viru1ent_strain of bacteria1 
wi1t at a contro11ed sof1temperature o f a round 32oc , and se1ecti ngthe 
plants that are not susceptib1e. The resistant lines are then crossed 
with the desi 內b1e variety which1acks resistant genes. AVRDC (1) reported 
that bacteria1 wilt in tomato is controlled by mu1t i ple recessive genes. 
Hence , better chances can be expected when two or three-way crosses are 
emp1oyed. 
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BREEDING PROGRAM FOR HIGH QUALITY FRUIT 

The most important qua1ities of fruit required for processing tomat6es 
are a dark red co1or , high solids content , 10w pH , and 10w fruit crack. 
The fruit ana1ysis of tomatoes is fundamenta1 in this program. Data 
obtained from this ana1ysis wi11 give information about chemica1 qua1ity 
(Tab1e 4). This wi11 suggest whether they are desirab1e characteristics 
or not. Varieties with good characteristicswi11 be used as breeding 
materia1 in the crop improvement program . 

To obtain desirab1e fruit co1o r. During the growing season p1ants shou1d 
b e s u p p 1 i e d w i t h s u f f i c i e n t K, b u t n 0 t a n e x c e s s 0 f N f e r t il i z e r. S e 1 e ct 
p1ants with a11 fruit we11 covered with 1eaves. Mature fruit are 1ight 
green , or a pa1e red co1or without green shou1der on p1aQts which have 
a high 1ycopene content when the temperature is above 25 v C. 

Al1 plants in the subgenus Eulyσopersicon should be used for c~ossing 
in order to increase the chance~of red- co1ored fruit. Using varieties 
that possess a crimson gene (og亡) or high pigment gene (hp) are advan-
tageous , while p1ants with ring gene , apricot gene , high fiber content , 
or green seed je1ly shou1d be avoided. 

In situations where crossing with subgenus Eriopersiσoη is necessary , 
backcrossing to subgenus Eulyσopersiσon for a few generations is required. 

To obtain varieties with high solid content. A high solids content is 
an important economic factor for making paste. Using high solids 
content tomatoes will reduce the cost of a product. This is mainly due 
to the 1arge vo1ume of materia1 obtained and the short processing time. 

Normal1y plants with thick and many 1eaves are associated with high 
solids content. Therefore , such plants shou1d be se1ected and analyzed. 

While sampling , fruit should be taken from p1ants that have received 
the same amount of water in order to get correct results. 

Plants with a high solids content wi1l be crossed with other desirable 
varieties. Only progeny with high solids content are then selected. 

To obtain varieties with fruit having a 10w pH. Factors 1 i ke wa ter 
supply and fruit age can mislead the analysis of fruit pH. Therefore , 
all p10ts shou1d be supplied with the same quantity of water. It is 
also important that fruit of the same age be used when sampling for pH 
analysis. The number of days after po1lination and fruit co1or are good 
indicators for maturity. 

General1y , firm fruit are re l ated to low pH. Thus , selecting plants 
with firm fruit is the selection criteria. In crossing for improvement 
of low pH , tomato lines with low pH are often used as the mother plant. 
In making the selection , p1ants with more jelly in the fruit cavity than 
seed or placenta are preferab1e. Plants with hol1ow fruit are discarded. 

To obtain crack-resistant varieties. Desired characteristics for this 
purpose are plants or 1ines with thick and big leaves , shal10w fruit 
shoulder , small fruit stems , and small numbers of fruit cavities. 
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Table 4. Analysis of fruit chemical quality of some tomato va r. ieties in 
KKU collection. 

Soluble Acidity % Total Fruit Fruit 
Varieties solid pH % citric solid colorα colorα 

brix acid content skin flesh 
。 - %-- /0 -

Fire ball 3.0 4.62 1. 75 5.1 O(g) 28A R(g) 45A 
Fl orad il 4.1 4.22 2.9 5.61 。 (g) 28A R(g) 47A 
Roma VF 2.6 4.23 2.35 5.1 (', (g) 28A R(g) 47A 
Homestead 24 2.0 4.35 3.9 4.671 OR(g) 31A R(g) 48A 
Mecheast 22 3.8 4.45 2.2 5.8ï OR(g) 28A R(g) 458 
All season 3.4 4.47 2.4 5.81 O(g) 25A R(g) 47A 
Ri j k Zwaan No 862 4.0 4.33 2.05 6.38 。 (g) 25A R(g) 47A 
Rijk Zwaan No 830 4.0 4.25 1. 65 6.3 。 (g) 28A R(g) 39A 
Rijk Zwaan No 1955 4.5 4.15 3.25 7.69 OR(g) 328 OR(g) 34A 
Topset FR 4.0 4.27 2.6 6.33 O(g) 28A OR(g) 34A 
UP 1169 3.5 4.04 3.5 5.3 。 (g) 25A R(g) 44C 
VC 11-1 4.0 4.31 3.35 6.209 O(g) 25A R(g) 478 
VC 9-1 3.0 4.32 2.3 4.5 OR(g) 31A OR(g) 34A 
Spring Giant 3.0 3.59 2.3 4.675 O(g) 288 OR(g) 34A 
Nagecolang 3.0 3.52 2.3 6.285 。( g) 28C R(g) 42C 
Futurobrid 3.8 4.25 2.2 6.18 R(g) 51A R(g) 478 
Multicross A-12 5.0 4.25 3.1 6.56 O(g) 288 OR(g) 34A 
Eilon x Hawaii 476 3.0 4.31 2.4 5.62 OR(g) 328 OR(g) 34A 
323/72 4.0 4.44 2.9 7.203 O(g) 28A R(g) 45A 
Chico Grande FR 3.8 4.55 1. 95 4.84 R(g) 44A R(g) 438 
Mecano VF 3.1 4.42 1. 5 O(g) 28A R(g) 42A 
Romulus VFN 2.0 4.17 1. 7 4.1 R( g) 42A OR(g) 34C 
ASAHI KARI 4.8 4.13 3.15 6.573 R(g) 44A R(g) 478 
Lyc. pimpinallifolium 4.0 4.41 4.15 5.493 OR(g) 348 R(g) 40A 

56241 

Vagabond 4.0 3.41 2.9 5.978 OR(g) 31A R(g) 478 
Ailsa Craig 4.0 3.78 5.864 OR(g) 31A OR(g) 34A 
Fuertaventura 4.0 4.47 2.5 5.24 O( g) 288 R(g) 47A 
Romano NR 2.2 4.25 2.35 4.9 OR(g) 34A R(g) 458 
ACE improved VF 4.67 1. 7 8.21 OR(g) 348 R(g) 47A 
C 28 FR 4.0 4.45 18 . 85 6 03 OR(g) 348 R(g) 478 
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Table 4. ( con t. ) 

Soluble Acidity % Tota 1 Fruit Fru f t r α 
Varieties solid pH % citric solid colorα co1 。

brix acid content skin flesh 

-%-

Roforto VFN 2.4 4.38 1. 6 4.94 o (g) 28A R (g) 42A 

NapoLi VFN 4.0 3.37 2.0 5.26 OR(g) 33A R(g) 46B 

ES 58 FR 2.8 4.8 2.2 5.37 

Money cross 4.0 4.27 2.45 6.68 O(g) 28A R(g) 45C 

Stacos 3.9 4.51 2.2 5.48 OR(g) 34B OR(g) 34A 

Money dor 4.0 3.42 2.4 5.978 o (g) 28A R(g) 42A 

Itapak 3.0 1. 9 5.192 O(g) 28A R(g) 47B 

Primset 3.0 3.58 2.3 5.0 O(g) 24A R(g) 42A 

Red C10ud 3.0 4.32 2.3 4.89 o (g) 28A R (g) 39A 

Tiny Tim 2.9 4.4 2.6 4.43 R(g) 44B R( g) 45B 

Lony yun 3.9 4.51 2.2 5.48 。( g) 25A R( g) 42A 

Trohigro 5.0 3.38 3.4 5.567 O(g) 24A OR(g) 34A 

VF L-13 3.0 4.35 2.15 5.062 YO(g) 17A R(g) 42A 

Gamad 3.4 4.28 2.4 5.87 o (g) 28A R(g) 47A 

Rehovot 2 3.0 3.38 2.85 5.754 OR(g) 33B R(g) 47B 

VF 145 B 7879 3.0 3.54 2.2 5.225 O(g) 28A R(g) 44A 

Nes-zona 4 4.2 4.25 2.15 6.57 OR(g) 31A OR(g) 34A 

αCo1or is c1assified according to the Roya1 Horticu1tura1 Society 
color chart , London , England: 。= orange , R=red , Y=ye1low; (g)=group. 

In screening for crack-resistant lines , the technique is to grow 
tomato p1ants and let them bear fruit during the rainy season or under 
a sprink1er irrigation system. These conditions will revea1 whether the 
lines or plants carry crack-resistant genes or not. 

Allowing tomato fruit from various plants to absorb water and then 
checking for-cracked fruit was suggested by Meszoly (8). He also stated 
that the ability of a fruit to absorb 0.6-0.4 9 of water without any 
effect on fruit cracking indicates that the fruit has a crack-resistant 
gene. 

Generally , pla的s or 1ines with good characteristics are s 的 ceptib1e
to cracks. It i s prefer、able to cross with "Roma " type or "S an Manzano" , 
which are crack-resistant varieties. 
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SELECTING FRESH-MARKET TOMATOES IN FLORIDA FOR RESISTANCE 

TO BACTERIAL LEAFSPOT~ AND INHERITANCE STUDIES 

IN IMPROVED ROOT DEVELOPMENT 

R.B. Vo1inα 

BACTERIAL LEAFSPOT 

Tomato 1eafspot caused by xαnthomoηαs vesiσαtoriα (Doidge) Dows. 
(XV) is often a severe fo1iage and fruit dísease of tomatoes ( Lyσopersiσoη 
臼仰泌的um 州 1 1.) in both temperate and tropica1 regions of the wor1d. 
This disease is among the rnost difficu1t to control and is the most 
cornmon fo1iage prob1em in tomato production in Florida. The disease 
a1so attacks various species of pepper ( cαpsiσμm spp.). 

Fo1iar symptoms inc1ude the appearance of circu1ar , water-soaked 
spots which become necrotic and measure frorn 1-5 mm in diameter. Infected 
1eaves soon turn ch1orotic and drop. Necrotic spots often occur on fruit 
as we11. A1though infection is not systemic in nature , a downward 
cur1ing of the diseased foliage is a characteristic response to infection. 
In F1orida , where over 16 ,000 ha of fresh market tomatoes were produced 
during the 1977-78 season (1) , XV outbreaks can occur anytime during the 
crop season , however they are most preva1ent from rnid-Aug through Sep , 
ear1y in the season when ternperatures are high and rainfa11 is abundant. 
Predisposing c1imatic conditions often occur again in May , at the end of 
the crop season. 

Tomato p1ants are estab1ished in the fie1d in south F10rida by 
direct seeding , thereby exposing very young p1ants to fie1d infection. 
Contro1 measures are on1y partia11y effective but inc1ude the combined 
spray app1ication of manganese ethy1ene bisdithiocarbarnate and cupric 
hydroxide. A1ternate app1ications of Streptornycin sprays have on1y 
short-term effectiveness because strep-resistant strains soon 
predominate (2 , 10). 

Resistance to XV has been reported in a number of cu1tivars and 
intr閃oductions of Cα ps 玉臼的σ臼1μ肌4
hypersensitive necrosis and 1 i mited 玉ηυ玉vo bacteria1 rnu1tip1ication 
fol1owing fo1iar injection of concentrated inocu1urn (9). This response 
is simp1y inherited (3). 

The search for resistance in tomatoes has not been very successfu1. 
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The severity of the disease and the importance of tomatoes in Florida 
has encouraged researchers to continue the search for heritable levels 
of resistance which could be utilized in a breeding program (5). The 
purpose of this report is to identify some tomato introductions having 
disease tolerance and to discuss our procedure. 

MATERIALS ANO METHOOS 

A group of tomato Plant Introduction (PI) accessions obtained from 
Or. W.H. Scardla , USOA Plant Introduction Center , Ames , Iowa , were 
evaluated for field tolerance to bacterial leafspot. Lyσopersiσoη 
esσulentum candidates selected by R.T. McMillan , Jr. (personal communi­
cation) for continued testing included: PI270243 , P1272664 , PI140403 , 
PI 129061 , P 1 270266 , P 1 272711, and P 1134208. These were u sed as pa rents 
in crosses with commercially ~cceptable fresh market tomato cultivars 
(11). Progeny from these croises were screened for resistance and 
evaluated for horticultural acceptability for five generations. 

1noculum for all tests was isolated from field-grown tomato foliage 
and cultured on nutrient broth media. The media was incubated under 
continuous agitation for 36 hrs , diluted to approximately 10 6 cells/mf 
with sterile water , and sprayed on the foliage in a fine mist. 

Seedling plants were grown in metal flats and inoculated at the one 
true leaf stage. After inoculation , the flats were exposed to an inter­
mittent water mist for 48 hrs. The mist was timed to spray for 15 sec 
out of every 1 min cycle. The F2 seedlings and parental selections were 
given a qualitative rating of moderately resistant (MR) or susceptible 
(S). Seedlings of later generations were assigned a disease index {01) 
value derived from the average number of infection sites on terminal 
leaflets of the progeny selections divided by the average number of 
infection sites on terminal 1eaf1ets of the susceptible entry FLA 720635-
1. The quotient was mu1tiplied by one hundred to give the 01. 

Maturing p1ants in the fie1d were rated òccording tù a numerica1 
sca1e from 0 to 9:0 = escape or immune , no visib1e symptoms; 1 = spots 
ve r y s ma 11 (< 0 . 5 mm d i a) ，問crosis very 1oca1ized on older 1eaves; 2 = 
spots sma 11 (芝0.5 mm) , necrosis 1oca1ized; 3 = spots sma11 (可1. 0 mm) , 
necrosis very 1imited; 4 = spots moderate in size (τ1.5 mm) , necrosis 
1imited; 5 = spots moderate in size (芝1.5 mm) , necrosis more evident; 
6 = spots occasiona11y coa1escing 才2.0 mm with necrosis; 7 = spots 
coa1escingτ2.0 mm with necrosis; 8 = spots coa1escing 之 2.0 mm with 
considerab1e necrosis; and 9 = spots and necrosis coa1escing and cover汁 ng
much of the 1eaf. Ratings 1-3 were tentative1y considered resistant , 
4-6 moderate1y resistant , and 7-9 susceptib1e. 

Seed1ing p1ants were eva1uated initia11y after. the susceptib1e con­
tro1 entries began exhibiting symptoms , usua11y after about 8 days of 
incubation , and were rated at 1east once again after 5 days. A1though 
coty1 edon 1 ea ves often s howed symptoms , on 1y the fi rs t true 1 ea f of each 
seed1ing p1ant was rated. The fie1d p1ants were rated approximate1y 2 
weeks after transp1anting ahd again at the mature-green fruit stage. It 
was unnecessary to re-inocu1ate the fie1d transp1ants as secondary 
disease-spread had occurred since the initia1 infection. Bacterial 
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lesions on the fruit were not rated quantitatively because of the unreli­
ability of infection . 

Susceptible plants were discarded in the F2 population at the time 
of seedling evaluation. The tolerant seedlings (i .e. , those with low 
disease ratings) were transferred to the field for selection of single 
plants which demonstrated sustained tolerance and possessed desirable 
horticultural traits. Seed of these single plant selections were kept 
separate throughout later generations; however , the quantitative data 
shown in Table 1 was derived from combining all the selections within 
a family. 

Table 1. Bacterial leaf spot comparative disease index and ratings of 
tomato hybrids , L. esσulentum accessions , and cultivars eva­
luated as seedlings and maturing field plants . 
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三igned as 1-3 (resistant) , 4-6 (moderately resistan~) and 7-9 (susceptible). 
~Sg = evaluation as seedlings in greenhouse flats. ~Mt = evaluation as e maturing plants in the field. ~Sd = standard deviation of the means. 
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RESULT5 

All the P1 accessions and Fl hybγids developed XV symptoms as 
seedlings and in the field as maturing plants. Overall disease ratings 
however were lower for the accessions than for FLA 720635-1 , FLA 2432 , 
and Walter. FLA 720635-1 was the most susceptible , with large , coalescing 
spots and considerable leaf curling early in the progression of the 
disease. 

The plant families in which P1 2ï0266 , P1 272711 , and PI 134208 
v1ere used as parents had very few F2 progeny whi ch expressed any measure 
of resistance. Those families were not considered further. From 8-33% 
of the F2 plants from each of the other families were retained for 
future evaluatìon. The F3 generation plants were not screened in flats 
as seedlings because of inadequate space but , instead , were transplanted 
to the field and inoculated at 4 wks of age. However , weather conditions 
failed to provide optimum conditions for field infection and prevented 
uniform disease development. Between 20-30% of the plants from each 
family line were selected on the basis of horticultural traits and 
evaluated the following season. 

All seedling disease ratings in the F4 were less than FLA 720635 由 1
(Table 1) . The lines 07151 , 07154 , and 07155 demonstrated the least 
symptoms ‘ 1n the field , disease ratings were lowest for the same three 
families. The standard deviation (50) of 2.12 was especially high in 
family 07153. This suggested that the fami1y 1ine was sti1l segregating 
for disease response. The disease symptoms among both the seedlings and 
the maturing plants were greater during the following season in the Fs 
than in the F4 fami1ies. Most of the P1 accessions also had a higher 
seedling disease severity than during previous seasons and were rated 
near、 1y as high as the susceptible check 1ine FLA 720635-1. Al1 the plant 
families except 07288 and 07289 had seed1ing disease symptoms greater 
than the susceptible check. On1y the fie1d ratings among the fami1y 
se1ections and P1 accessions were .somewhat 10wer than FLA 720635-1. 

015CU5510N 

The presence of restricted disease deve10pment among the P1 acces­
sions in this study initial1y suggested that disease pressure shou1d 
promote selection of plant segregates with a level of functiona1 fie1d 
tolerance or possibly with the type of hypersensitivity noted by others 
in pepper (4). This could be a practical type of plant resistance since 
it would restrict plant damage and greatly reduce disease spread in the 
field. 5everal explanations could be proposed as to why this moderate 
resistance was not evident in selected progeny: 1) Resistance to this 
disease in tomato may be conditioned by multiple genetic factors. The 
transfer of all factors needed for moderate resistance would require the 
evaluation of larger numbers of progeny. 1n our study the F2 population 
for each family numbered from 200-260 plants. To screen and evaluate 
more than this number would require a great increase in space and time. 
2) Bacterial isolates were obtained from sever、al tomato cultivars in the 
field which very likely were a mixture of differential1y pathogenic 
strains. The proportion of pathotypes possibly varied from one isolation 
to the next , producing varied host-pathogen responses depending upon the 
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virulence of the inoculum. Selection for resistance using several strains 
should produce a genotype which more closely resembles horizontal 
resistance. The occurrence of different tomato strains in XV , however , 
remains to be verified. The fact that pepper XV isolates differ in 
pathotype was documented by Cook & Stall (4). 3) It is difficult to 
quantitatively rate disease symptoms among plant populations and from 
one season to the next. This often involves subjective judgment which 
is vulnerable to inconsistencies. Growing conditions affect response 
differences to XV in pepper (3). The fact that progenies segregate in 
the field for determinantjindeterminant growth habit precludes the effec­
tive use of the Horsfall-Barratt disease rating system. 

It is likely that usable resistance to XV is non-existent among L. 
esσulentwη plant types. Other tomato species may carry factors condi­
tioning resistance (7). We have noted that an accession of L . hirsutum~ 
appears to possess a hypersensitive response to XV in the field. This 
has not yet been verified by seedling tests. We emphasized the selection 
of desirable horticultural characters with a minimal number of back-
crosses. In other studies , no XV strain was found to which tomato was 
hypersensitive , although isolates from tomato were found which were 
differently pathogenic on specific pepper selections (4). These results 
substantiate the likelihoodthat pursuit of usable field resistance to XV , 
especially among ~ . esσulentum selections , will be unproductive and that 
any type of hypersensitive resistance could be overcome in the field by 
new XV strains. 

INHERITANCE STUDIES ON IMPROVED ROOT DEVELOPMENT 

Brown root rot (BRR) disease of tomato , caused by Pyrenoσhαetα 
lyσopers王σi Schneideγand Gerlach , is not considered a common disease in 
tropical or subtropical areas. However , this fungus has been isolated 
from tomato roots grown in south Florida (R .T. McMillan , Jr. , personal 
communication). It is visibly 、 pathogenic in fields where tomatoes have 
been continuously grown for several seasons. Brown lesions form on the 
roots of susceptible tomato cultivars , thereby reducing root growth and 
fruit productivity. 

For several seasons tomato plant introduction accessions have been 
screened for resistance at the University of Florida AREC , Homestead , 
both in the field and in an environmentally controlled greenhouse. We 
have reported the genetics of resistance and heritability in specific 
hybrid progenies (13). 

The selection for BRR resistance has favored plant genotypes with 
improved root mass or volume. However , at least some of the heritable 
components of increased root volume appear independent of factors condi­
tionin9 resistance to BRR. Although somewhat preliminary , we feel that 
the research progress merits summarization and discussion. 

MATERIALS AND METHODS 

Tomato accessions evaluated in the field were selected on the basis 
of resistance to P. lyσopersiσi . Hybrid progenies , composed of crosses 
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between resistant accessions and the commercia11y susceptib1e cu1tivar 
IF1ora-Dade" were a1so eva1uated in the fie1d for resistance. Resistant 
se1ections were backcrossed three times to IF1ora-Dade" and screened for 
disease response after each backcross (Bc) generation. During fie1d 
evaluation of the third generation Bc progeny , the extracted roots of 
each parenta1 1ine and the Bc se1ections were freed of soi1 partic1es 
and weighed. 

Five roots of each parent contributed to parenta1 means. The Bc 
progeny mean for each fami1y 1ine was obtained by weighing individua1 
roots from each single p1ant se1ection. A different number of se1ections 
were chosen for each Bc 1ine. The PI 270278 fami1y 1ine had 23 se1ections , 
the PI 142880 line had 6 se1ections , and the PI 91458 had 7 se1ections. 

The results reported herein are from on1y three se1ected Bc fami1y 
1ines which i11ustrate advances in improved root deve1opment. Many 
others have been eva1uated. Advanced commercia1 tomato se1ections , other 
than "F1 ora-Dade ll , have been used as recurrent parents. 

RESULTS AND DISCUSSION 

The fact that IIF1ora-Dade ll is susceptib1e to BRR contributes to a 
greater dec1ine in root development than wou1d be present in soi1s free 
of the d i sease organ i sm. 11 F1 ora- Dade 11 i s res i s tant to VeY' tiσi Z- Zium wi1t 
and Fusα?至um wilt races 1 and 2 (12). Compa川 sons of root size of IIFlora­
Dade ll and the Bc se1ections in two families indicated that an increase in 
root weight approaching 53% was achieved (Fig. 1). This improvement was 

PI 270278 

PI 270278//1 
Flora .Dade 

PI 142880 

PI 142880/// 
Flo ra . Dade 

PI91458 

P1914581/1 
Flora.Dade 

Flora.Dðde 

10 20 30 40 50 60 10 80 90 100 

R 0 0 t We i g h t ( g ) 

Fig. 1. Comparative dry root weígh t and standard deviation 
of the means of tomato ba ckcross , L. esculentum ac­
cessions , and the fre s h market cultivar "Flora-Dade" 
grown under field culture. 
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less than the larger differences noted between "Flora-Dade" and the PI 
parents; however , a decline is expected as selection progresses toward 
smaller plant size. Only in the recurrent selections of the PI 91458 
line was no progress in root development achieved. 

It is likely that through recurrent selection , additive factors 
conditioning large root size have been diluted. Zobel (14) demonstrated 
that genetic differences exist which contribute to differences in root 
development among tomato cultivars. He also demonstrated a genetic­
environmental interaction among the same cultivars. 

Not al1 qains in root volume are due to selection of resistant 
genotypes because some of the large root selections were moderately sus­
ceptible to BRR. An increase in both lateral and fibrous root components 
contributed to improved root volume. Such improvements are believed to 
be critical components of improved fruit productivity and quality , 
especially in the porous , low nutritional limestone soils of south Florida. 
A program for selection toward improved root development must be caupled 
with disease resistance evaluation to achieve the maxi mum benefit. 
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Land preparati on for pl ant i ng f resh-market tomatoes 
at H <i戶口 ~tead ， é1 or i da , USA. - Ra i sed beds conta i ni ng 

A fert111zer are fnjected wfth fumfgant (tanks 1n 
f ront of tractor) through chi se 15 i n fro nt of the 
roller . Plastic mu l ch covers the beds immediatel y 
after injecti on. Each machine can treat and cover 
about 7 hajday. 

B ~:~~h~~~r~~~ n!αnatoes are be i ng sorted and pack­
aged for sh i ppi ng. Packagi ng i 5 automati c. 

After fumigat i ng , the plastic- covered beds are per­

c ~~:~ t~~J ~~~~ ~nho 1 ~~ ~n~~ ~~~~~ow~;~: h ~~~~~:a ~~ o~ from irrigation. Plants become established in the 
larger holes (30 cm apart) by direct seed in g. 

After being dumped in a chl orinated wate r bath , 

o ~~~~~~;~ ~:~~ \/g~~d~~c~{ n~a~~o~n~n~~:~eeo ~rc s ~~~ automatically by passing over moving belts con-
taining speci fi ca ll y-sized holes. 
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DISCUSSION SESSION IV 

旦旦旦: In your screening program , do you use any growth regulator to 
facilitate harvesting? If not , cou1d you describe your harvesting method? 

Vi11 area1: No. However , we are experimenting with ethre1 to stimulate 
concentrated ripening. Normally weharvestripe fruit week1y over a period 
of 7 to 11 weeks. 

。旦旦旦: Why do you use a mi~~mum night.temper~t~~B ~!0~2:C ~h~n t~e ~ang~ 
for minimum temperature in the summer is abQut 23 v _25 v C in Taiwan? Usua11y 
the screening temperature shou1d be set 2-3 v above the mean monthly tem­
pera ture. 

vi 11 a rea1: We are not using a minimum night temperature of 220C. AVRDC 
does not have faci1ities to control temperature. Thus , we conduct our 
fie1d screening during the summer when minimum nigbt temperatures are 
never be10w 21 v C and usua11y are between 23 and 25 v C. 

vil1 a rea1: Mr. Kowithayakorn , p1ease comment as to why most of the cul­
tivars you presented in your slide have very 10w solub1e solids. 1 think 
the highest you have is about 4. 

|<owi thayakorn: First of all , in the table , 1 showed solub1e solids (Brix
o

) 
and percentage of tota1 solid content. Soluble solids is different from 
solid content. Sugar is one material in the group of solub1e solids 
content , which affect the Brix. Many factors increase the solub1e 
solids and sugar content including 1imiting light , high N-fertilizer 
app1ication , high soi1 moisture content , and genetic background. 

已1ey: Did 1 understand you to say that resistance to nematodes decreased 
infection of the bacteria1 wi1t pathogen? 

|<owithayakorn: No , if we want rea1 bacteria1 wi1t resistance , we shou1d 
há-ve boYh -n-ematode and bacteria1 wi1t together in the screening b1ock. 
The nematodes wi11 make a wound which the bacteria1 wi1t can easi1y enter. 

villarea 1: What proportion of the 16 ,000 ha of fresh market tomato in 
Florida is direct seeded? What is the rate of seeding perjha? 

坐立旦: Two methods are used for direct seeding. 的1y 1200 ha are direct 
seeded without the use of p1astic mu1ch. About 5200 ha are direct seeded 
through p1astic mu1ch , using the Ip1ug-mix" method where seed is mixed 
with vermicu1ite and peat moss and hi11-p1anted with 12-20 seeds per hi11. 
Without mulch the seeding rate is about 1 kgjha. Using p1ug-mix the rate 
is about ~ kgjha. 

也 1ey: What is the relationship between disease ind叭，凹， and ratings 
F了τR); 4-6 (MR); and 7-9 (S)? 

Vo1in: Genera1ly , disease index ratings on seed1ings (based on a sus-
ceptib1y check) and matur汁 ng p1ant rating 1-9 corre1ated fair、 1y closely. 
However , in some cases a to1erant seed1ing se1ection was rated suscep-
tib1e in the fie1d. The seed1ing ratings were quantitative , whereas 
the maturing p1ant ratings were qua1itative. 
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已ley: What environmental conditions favor bacterial leaf spot (BLS)? 

坐旦旦: The temperature optimum for BLS has been reported to be 28-300C. 
Rainy conditions with water-soaked foliage and hìgh temperatures pre­
dispose the plant to infection. 

已全之: Ooes the plastic mulch promote or lessen BLS? 

世旦旦: Plastic mulch tends to promote BLS because t he splashing action 
of the rain is accentuated. 

也旦旦: Please elaborate further on the screening for bacterial leaf­
spot resistance , both in seedlings and field plants. 

世旦旦: Seedlings which have a low 01 are planted in the field. Ratings 
are then conducted among the field selections and on1y those having a 
10w rating are advanced. 

~: 00 Florida farmers use ethrel for uniform maturing before the 
harvest of table tomato? 

Volin: To concentrate maturity effectively and without damage to yield , 
the app1ication rate of ethre1 must be contro1led very carefu1ly and 
application timing coordinated with the proper growth stage of the plant. 
Ethrel has been used only experimental1y in Florida as a pre-harvest 
application. There are regulations against its post-harvest use. 

旦旦旦: 1f ethrel is not used , how many times is a tomato crop picked? 

Volin: Generally , tomatoes produced on ground-culture are picked twice , 
whereas those produced on short stakes are picked from 3 to 4 times , 
depending upon the market price. 

Tong: What is the average yield of table tomatc for (a) determinate type , 
有了indeterminate type. 

Vo1in: The average marketable yie1d for fresh tomatoes of the determinate 
type ranges around 10 t/ha. Few determinate types are grown in F1orida , 
but the yie1d would probably approach 12-13 t/ha. 
(12-13 t/ha). 

旦旦旦: What is the cost of p1astic mu1ching per ha. Can you use it for 
the 2nd p1anting? 

Vo1in: The current cost of plastic mulch is appro ximately US$380/ha 
just for mater、 ia1s. The cost of application wou1d be extra. 

At present it is removed by burning and not used for a second crop. 
1t would be feasib1e to use it for a second planting of a short maturing 
crop , i .e. summer squash. With the advent of machine harvesting of 
tomatoes the cu1ture of a second crop on the same soi1 beds is quite 
feasible. 

vi 11 area1: With good vine storage , how 10ng can ripe tomatoes stay in 
the fie1d? 
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Steven s: This is highly dependent on the envirönment. High temperatures 
or excessive moisture shorten the time. In California , it is not uncom­
mon to vine-store the firm-fruited varieties for several weeks. In 
general , limited vine storage improves the quality of firm-fruited 
varieties. The exception is acidity , which decreases. Problems with 
high pH increase with longer vine storage. 

Villareal: Please define harvest index for processing tomatoes. 

Stevens: 

Economic dry matter production 
Total dry matter production 

Dry weight of fruits 
Dry weight of fruit and dry vines 

Everet1: What environmental conditions promote white tissue formation 
in the firm-fruited varieties? 

旦旦旦旦: Th~re are many. Virtually 'every environmental factor , light , 
temperature , disease , nutrition , etc. , have been shown to cause internal 
discoloration in tomato fruits. Extremely hot days or unusually coo1 
nights increase the disco10ration problem. In areas where there are 
extreme diurnal f1uctuations in temperature the prob1em is more severe. 
The sever、 ity of the prob1em is clear1y related to genotype. 

Hubbe11: What happens to α-tomatine as fruits mature? 

Steven~: In the genotypes we have studied it disappears as the fruits 
mature. We have been unable to find α-tomatine in breaker stage fruits. 
α- tomatine has some mammalian toxicity , it is degradated by a 'specific 
enzyme into a sterodal compound which is apparently non-toxic. 

旦旦: What is the distribution of a -tomatine in various plant parts of 
the tomato? What is the last stage to assess α-tomatine? 

Steven: It is greatest in young leaves and gradually decreases in foliage 
互了可τ-matures and senesces. The fruits contain less a -tomatine than 
foliage and lose the compound as they mature. 1 don't know about concen­
tration in the roots. For comparative studies a seedling stage would be 
good. 

旦旦旦: Dr. Rick , you mentioned that there are about 36 races of L . peru­
via~um. Have these races been characterized by the isozyme techniques? 
If not , do you think that this (to characterize the races by way of the 
zymographic typing) should be done? 

Rick: The answer to your first question is no. We have only sampled 
L . peruviαη肌 in a preliminary fashion - enough to reveal a formidable . 
extent of isozyme variation. The pattern of variability for certain 
enzymes - for instance , peroxidases - is so complex that pedigree tests 
will be necessary to differentiate 10ci from alleles before the survey 
wou 1 d be mean i ngfu 1. The answer to your second ques ti on i s yes . We ha ve 
started the pedigree studies and hope to survey the species for this type 
of variation. 

252 





PRODUCTION AND MARKETING OF Fl HYBRID TOMATO SEED IN TAIWAN 

Known-You Nursery & Seed Production Co. Ltd.α 

INTRODUCTION 

The tomato is an important vegetable and large quantities of seeds are 
required around the world. Since F1 hybrid tomatoes have the advantages 
of hybrid vigor- (i.e. vigorous growth , good uniformity , and high yield) , 
the demand for hybrid seeds has increased rapidly in recent years. 

Although tomatoes have been grown in Taiwan for over 60 yrs , the com­
mercial production and marketing of Fl hybrid tomato seed only started in 
1960. The first commercial hybrid variety in Taiwan was "Farmer No.1 ," 
which was developed and released by Farmers ' Seed Shop in 1960. (This 
Shop was reorganized and combined with Taiwan Horticultural Research Farm 
in 1967 to become Known-You Nursery & Seed Production Co. , Ltd.) In 1961, 
Farmers ' Seed Shop accepted a contract to produce F1 hybrid tomato seeds 
from parent lines supplied by a Japanese seed firm , and 50 kg of hybrid 
seed were exported to Japan in 1962. 

TECHNICAL IMPROVEMENT OF F 1 HYBRID TOMATO SEED PRODUCTION 

There were several exp芒 rimental production tests of F1 hybrid tomato 
seed in Taiwan's Agricultural Experiment Stations before commercial pro­
duction began. But the production procedures were too complicated and 
uneconomical. In making crosses , the flower was emasculated before 
pollen dehiscence. A paper bag was put on the emasculated flower to ex­
clude foreign pollen. Next day , preferably in the morning , the emascu­
lated flower was pollinated and reclosed with a paper bag. Then an 
identification tag was fastened on the pedicle. The efficiency in hybrid 
seed production by the above procedures is low and unstable. 

In order to improve efficiency , emasculation procedures , pollen 
collection methods , pollination methods , and environmental factors have 
been studied by the Farmers ' Seed Shop. The following techniques are now 
used for commercial production: 

1. Planting season. Tomatoes can be planted in southern Taiwan from 
Sep- Feb. . But for hybri d seed product i on , i t i s best to p 1 ant i n Sep 
and harvest hybrid seed in Feb of the next year. 

α26 ， Chung Cheng 2nd Road , Kaohsiung , Taiwan , Republic of China 
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2. Ratio of fema1e and ma1e pare~~~.Norma11y one ma1e parent can 
provide sufficient po11en for six fema1e parents. 

3. Sowing and raising seed1ings. Parent 1ines for Fl hybrid seed 
production are usua1ly not direct seeded. We norma11y sow ma1e parents 
1-2 weeks ear1ier than fema1e parents to obtain sufficient po11en when 
fema1e parents are ready for crossing. Seeds are sowed rather heavi1y in a 
sand box , and then transp1anted to seed1ing pots at the two coty1edon 
stage. Seed1ings can be transp1anted to the fie1d when they have 4-5 
true 1eaves. 

4. Transplanting. Male and female parents are planted separate1y in 
the field. Female parents , spaced 45 cm apart in rows 80 cm apart , are 
pruned and staked. Ma1e parents , spaced 60 cm apart in rows 120 cm apart , 
wil1 grow unstaked. 

5. Staking and pruning. Female parents are staked in order to make 
both the job of hand pol1ination easier and to reduce fruit rot. If 
female parents are indeterminate , they need to be pruned to one or two 
main stems. Determinate types can be pruned to 3-4 stems. 

6. Emasculation and pollination. Emascu1ation normally starts with 
the 2nd cluster of flowers in the female parent. Two days before floweγ­
ing , the anther cone is removed by forceps. Emascu1ation is usually 
done in the afternoon. When the emascu1ated f10wers are f1owering , which 
can be identified by the color of the coro11a , the po11en co11ected from 
the ma1e is put on the stigma of an emascu1ated f10wer with the 1itt1e 
finqer. Then 3 sepa1s on the pollinated f10wer are cut to identify it 
when the fruit is mature. 

Po11en co11ection from the ma1e is improved by shaking the f10wer 
either by hand or by vibrator. Po11en can be stored and used for 
severa1 days if kept in coo1 , dry storage. 

The lescaped-emascu1ation" f10wers or selfing-fruit on the fema1e 
parent shou1d be removed as soon as possible in order to avoid contami­
nation. Setting 4-5 fruit on each c1uster wi1l be enough for a medium­
s i zed va ri ety . 

7. Harvesting , washing , and drying. Fu1ly matured fruit are harvested 
and stored in a coo1 p1ace for 3-5 days as ll after-maturing." The fruit 
are then crushed and put in a wooden or plastic container for 1-2 days 
fermentation. Then they are washed in running water until the clean 
seeds sink. The water is drained off and the seeds are dried. 

8. Yield. The yield of hybrid tomato seeds varies according to the 
parent lines used for production , climatic conditions , and growing state , 
etc. The average yield is about 200 kg/ha. 

FACTORS FOR DEVELOPING Fl HYBRID TOMATO SEED INDUSTRY 

IN TAIWAN 

Hybrid tomato seed production has become a big business in Taiwan 
and is p1aying an important role in providing seed to foreign countries. 
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Th~ conditions for such development are: 

1. The climate in southern Taiwan is most suitable for growing 
tomato during the dry season. The adequate temperature and sunshine , 
and scarce rainfall provide good conditions for fruit setting and seed 
development. 

2. Tomato can be planted in the interval between two crops of rice. 
This crop rotation system not only can increase land use but also can 
eliminate tomato diseases. 

3. The production of Fl hybrid tomato seed requires advanced tech­
nology , highly intensive cultivation , and skillful manual labor which 
cônnot be replaced by machinery. The developed countr叮 es cannot produce 
hand-pollinated hybrid seeds economically due to high labor costs. 
Furthermore , not all countries with cheap labor can produce Fl 
tomato seeds because of the strict conditions required. The most impor­
tant of these conditions are the farmers' industry and expertise with 
intensive cultivation methods. In this connection , Taiwan is in a 
superior position to develop hybrid seeds. 

門ARKETING OF Fl HYBRID TOMATO SEED IN TAIWAN 

Fl hybrid tomato seeds produced in Taiwan are either、 for local 
market consumption or for export. For local market , most hybrid varieties 
are developed and released by Known-You Nursery and Seed Production 
Company . The annual requirement is only about 300 kg. The majority of 
Fl hybrid tomato seeds are produced by using parent lines supplied by 
foreign companies and the hybrid seeds are exported. The local seed 
companies accept orders from foreign seed companies and then usually 
recontract wìth local farmers to produce hybrid seeds. According to our 
estimates , 50 kg of Fl hybrid tomato seed were exported in 1962. This 
increased to about 15 ,000 kg in 1977. Most of these seeds are exported 
to USA , Japan , and Europe. 

PROBLEMS OF Fl HYBRID TOMATO SEED PRODUCTION IN TAIWAN 

S'ince the industry is expanding rapidly in Taiwan , Fl hybrid tomato 
seed producers are finding it increasingly difficult to hire farm labor 
to do ha~d-pollination. The cost of labor is increasing. We forecast 
that after 5 yrs , Taiwan will no longer be able to produce Fl hybrid 
tomato seeds because of high labor costs. 
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TOMATO PROCESSING BY THE PRESIDENT ENTERPRISE COMPANY 

P.Y. Hsu 

Agriculture is a vital component of Taiwan's economy. Although 
Taiwan is becoming more industrialized 9 its agricultural population stil1 
accounts for a large proportion of its total population. Agriculture is 
still the cornerstone of the Republic of China's economy. 

The President Enterprise Company is deeply involved in the production 
of goods derived from agriculture. These products include~ feed , flour , 
instant noodles , salad oil , canned goods , soy sauce) dai 門! products , 
bakery products, and others. Our goal is to p\^ovide an outïet for agri­
cultural products and thereby increase the welfare of farmers. With 
this in mind , we established our tomato processing plant . 

The tomato processing plant was constructed in 1973 , and began opera­
tion in 1974. The plant is 10cated beside the main highway near the 
vil1age of Hsin-hsih. A1so used to produce fruit juice and assortect 
canned foods , its main product is processed tomatoes. We insta11ed the 
1ta1ian-made Rossil-Catalli machine~ and established an excellent systern 
of tomato contracts with farmers. Thus , we are 2ble to produce good 
quality tomato paste by having good equipment and 900d raw ma七eria1s.
1n the 1ast 4 years , we have faced many difficulties , but by providing 
excellent , consistent qua1ity and makìng continuous efforts to open nelA' 

markets , we have been able to enter foreign markets. 

Right after we established the tomato process i ng plant , we were 
faced with the wor1d oi1 crisis. The resulting world-wide economic re-
cession dealt a heavy blow to export-ing industr、ies ， and the tomato pro­
cessing industry was no exception. Serious reduction in markets and low 
prices caused our company heavy 10sses so we adopted the following mea~ 
sures to tackle the situation: 

1. Exp1oitation of theU.S. 哩主性t. Japan has been the main market 
for Taiwan's tomato paste. Because the U.S. market demands a very high 
qua1ity product , and because of the hìgh shipping costs to the U.S. , Tai­
wan tomato companies sold on1y to the Japanese market. 1n preparation 
for entering the U.S. market , our company sent a technician to the U.S. 
to participate in the National Canning Association's quality contro1 
training program. After that , we were able to improve the qua1ity of 
our canned tomato products. 1n the 1ast 4 years , we have sold more than 
one-third of our tomato paste to the U.S. and Puerto Rico. We have been 
able to satisfy our buyers in the U.S. , and , in so doing , break the 
marketing bottleneck and open a broad out1et for the products of the 
Taiwan tomato canning industry. 
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2. Increasing concentratio~. Until now , TaiwanAhas produced only 
1ow concentratf on tomato paste of 1es s than Brf x 280.Me consfder that 
a more concentrated paste can reduce shipping costs , so we have increased 
~~~_~O~~~~!~~!~~n_~fn~~r ~~ðte a~ m~ch ~as ~oss~ble. We are now~producing 
large quantities of Brix 33v products for foreign buyers who welcome 
the more concentrated product. We are still making efforts to increase 
the concentration of our paste further. 

3. I ntroduction of 4.5 kg can size. Taiwan used to produce tomato 
paste only in 3.16 kg and 4 kg can sizes. In order to reduce costs and 
increase market competitiveness , we were the first to introduce a 4.5 
kg can. Later , other producers also adopted this can size. We are con­
tinuing to develop even larger containers in order to reduce further 
production and shipping costs. 

4. 0ispersion of markets. Besides Japan and the U.S. , we have also 
exploited the Middle East , and the Philippines markets. In addition , 
we are now in the process of establishing a foothold in the Korean , Thai , 
and Malaysian markets. Our Taiwanese tomato canning companies normally 
sell more than 85% of their production to Japan. When they are unable to 
market in Japan , they run a serious risk of suffering heavy losses. Our 
policy of dispersing markets , on the other hand , can provide a stable 
outlet. 

5. Implementation of production and sales plans. Unplanned pro­
duction and marketing have been the main weakness of Taiwan producers. 
As a result , they have suffered much. In the beginning , due to a lack of 
buyers , it was very difficult for us to make a successful production and 
marketing plan. Gradually , however , we have been able to obtain regular 
buyers. On this basis we are now able to determine each year in advance 
how much plantihg acreage wil1 be needed and contract with farmers 
according1y. 

6. Improvement of varieties and qua1ity. Qua1ity is c1ose1y corre­
'lated with variety. Our company tests new varieties each year in differ­
ent areas with different soi1 types. AVRDC makes a big contribution in 
this area. 

In genera1 , through our efforts , buyers have gained confidence in 
our products , and we have been ab1e to estab1ish a broad and stab1e sa1es 
network. We be1ieve that on this estab1ished foundation our tomato 
canning has a promising future and can make a va1uab1e contribution to 
our nation's agricu1tura1 processing industry. 
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TOMATO HYBRID SEED PRODUCTION: 
A PHILIPPINE EXPERIENCE 

Victor E. Paner鴨， Jr. and Oa1macio M. Tecsonα 

INTRODUCTION 

The tomato is one of the 1eading veqetab1e crops in the Phi1ippines 
(Tab1e 1). Most farmers save seeds from the 10ca1 varieties they have 
been growing for decades , so there is 1imited commercia1 demand for seeds 
10ca11y. It is on1y when an agricu1tura1 co11ege of experiment station 
re1eases new varieties that there is a demand for seeds. Even then , the 
vo1ume required is not 1arge enough to stimu1ate 10cal seed production. 
Also , the delay before the farmers adopt a new variety makes seed pro­
duction a speculative pro~ect. 

In mid-1977 , one of the seed companies (dealers) in the Phi1ippines 
made a contract with a seed company in Ca1ifornia , USA , to test the pro­
duction of 100 kg of hybrid tomato seeds in Isabe1a , about 400 km north 
of Manila. This is the first attempt to produce hybrid tomato seeds on a 
commercial sca1e in the Phi1ippines. 

Tab1e 1. Vegetab1e production statistics; Phi1ippines , 1977. α 

Crop Area Volume Yie1d Va1ue 

1000 ha 1000 t t/ha mi 11 i on US$ 

1. Sweet pota to 22 1. 7 887.7 4.0 56.70 

2. Waterme10n 12.9 177.7 13.7 39.54 

3. Tomatoes 18.6 145.9 7.9 26.53 
4. Gar1 ~jc 4.9 16.0 3.3 14.67 

5. Cabbage 8.7 67.9 7.8 13.93 

Tota1 of 
a 11 vegetab 1 es 439.4 1 ,990.6 82.6 264.62 

Average 5.9 

αBureau of Agricu1tura1 Economics , Phi1ippines. 

αVeget~b1e Extension Specia1ist , University of the Phi1ippines at 
Los Banos , and Agricu1tura1 Consu1tant , Hacienda Riza1ina , (BM Oomingo) , 
Aurora , Isabela , Phi1ippines. 
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SOIL AND CLIMATE 

According to the soi1 tests , all 7 fie1ds had heavy soil textures , 
pH ranging from 6 . 0-6.5 , 2.5-3.0% organic matter , and sufficient P and K. 
Only nitrogen was needed , and 40 kg 21-0-0 jha was recommended at trans­
planting and again at floweriηg. 

The data on the average number of rainy days , relative humidity , and 
temperature are shown in Figure 1. Isabela belongs to Type 1 climate , 
wet from May to Nov , and dry during the rest of the year. Temperature 
readings are relatively lower from Dec- Feb. 
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Fig . 1. Monthly average temperatures , rainy days , and relative humidity 
in Isabela , Philippi nes . (Averages are computed from weather 
data collected between 1966-75). 

FIELD OPERATIONS AND OBSERVATION 

The seeds were sown on Dec 14 , 1977 . One hectare of land was p10wed 
and harrowed alternately 3 times before plots of 2 x 50 m raised 20 cm 
high were prepared . Transplanting was done from Jan 7-10 , 1978. Basal 
application of Furadan 3G insecticide was done on Jan 11 before mulching 
with rice straw. Fertilize內 (14-14 - 14) were applied Jan 12 and Feb 3 and 
29. 

The fieìds were irrigated Jan 7-10 , 20-21 , and Feb 8 , and 20- 21 , 1978. 
Heavy rains were recorded Feb 3 and 28 , and Mar 1 , 1978. 
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Flowering started Jan 20th. The peak period was from Jan 9-15 , and 
continued to decrease daily after Mar 1, 1978. Pollination was success­
fully done by 50 ladies averaging 50 fruits/plant. The technique used in 
Taiwan was adopted. 

Unfortunately , the area was heavily infected with bacterial wilt. 
Heavy infestation was noticed starting Jan 13 , when about 70% of the plants 
showed symptoms. By Mar 12 all the plants were affected and pollination 
was discontinued. 

FUTURE PLANS 

Because of the large demand for hybrid tomato seeds and the presence 
of experienced pollinator丐， both companies agreed to continue with the 
project and expand the area to 4-5 ha. Next time , the tomatoes will be 
planted after the lowland rice which will have been submerged for at 
least 6 mo because , it was noted , the 2 plots planted under this condition 
in a nearby field were not affected by the wilt. 

There is a need to identify other areas which are free from bacterial 
wilt infestation. Maybe it will be better to consider higher elevations 
with lower temperatures to improve the success of pollination. 

261 



THE PROBLEMS OF THE TOMATO PROCESSING INDUSTRY IN TAIWAN 

Yung Hui Leeα 

INTRODUCTION 

The tomato is a newly developed processing crop in Taiwan , and its 
products for export rank third following canned mushrooms and asparagus 
(Table 1). 

Table 1. Exports of canned tomato products from Taiwan. α 

Tota 1 
Peeled 
whole 
tomatoes 

Tomato 
paste 

Tomato 
puree 

Tomato 
sauce 

nv 卒
L
O

」

Rdpu m-­nuHU TI--u 

1000 standard cases 

1976 

1975 

1974 

1 ,556.3 

1 ， 324. 。

832.7 

662.0 

547.4 

479.8 

824.3 

346.7 

339.9 

11. 0 

102.9 

31. 4 

314.6 

7. 。

27.5 

12.4 

5.9 

αRef. 3. 

Among the products , canned peeled whole tomatoes have a big market 
in the western countr為 ies. However , production is limited dUE to the 
fact that only firm , well-colored tùmatoes can be used. 州的ough labor 
costs are comparatively low in Taiwan , sorting , peeling , and packing are 
still done by hand. Accordingly , it is very important to develop both 
a mechanical peeling method and a suitable tomato cultivar to promote 
production for export. 

Concentrated tomato products are also important for export. Tomato 
paste , used mostly by the food industry for reprocessing into other 
products (eg. catsup , sauce , etc.) , used to be packed in special No. 1 
cans. Although the unit price of raw tomatoes is low in Taiwan (Table 2) , 
the higher cost of containers and transportation makes competition with 
other tomato producing countriEs difficult . Accordingly , a larger 
container is preferred from the point of view of handling (opening) , and 
may result in lower packaging and transportation costs. 

α Food IndustrγResearch & Development Institute 
P.O. Box 246 , Hsinchu , Taiwan , R.O.C. 
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Tab1e 2. Price of raw tomatoes. α 

Japan Ita1y U.S.A. Taiwan 

一一一一一- Japanese 半 /kg

1972 13.88 10.06 9.00 6 . 39 

1973 14.20 11. 93 8.62 7.00 

αRef . 2. US$ 1. 00 =半285.00 (June , 1974) 

PROBLEMS OF TOMATO PROCESSING IN TAIWAN 

The tomato canning industry is confronted by prob1ems such as the 
avai1abi1ity of suitable tomato cultivars , pee1ing methods for whole 
tomato , packaging costs , and spoi1age due to a heat-resistant spore-
forming bacteria , Bασillus thermoαcidurαns (B . σoαgulαns ) . 

RAW MATERIAL 

Tomatoes for canning should ripen uniform1y , withstand post-harvest 
hand1ing , and retain a firm texture in processing. Those having irregu-
1ar shapes and wrinkled skins are difficu1t to pee1 and the 10ss in 
preparation is excessive (11). The qualities required for a tomato in 
canning may be summarized as fol1ows (7): 

(a) I t should have a high solub1e soìids content (4 . 5-6. ♂ Bx ) . 

(b) It shou1d possess an intense red color , for both the skin and 
the body. 

(c) The flavor must be good and characteristic. 

(d) In order to meet certain qua1ity standards , the acidity shou1d 
be fairly 10w (pH 4.2-4.5). 

(e) It should resist diseases , pest infestation , and mo1d growth. 

(f) It shou1d resist skin cracking , so that damage during harvest 
and transportation are minimized . 

(g) It shou1d produce a 內asonab1y consistent but not excessive1y 
fibrous body. 

Two varieties of tomato are used in Taiwan , "T.K. No. 70" (阿orioka)
and "Roma". The former is usually juicier with a high bri x , whi1e the 
1atter is deeper in co1or and firmer in body. Those varieties 
possessing 1arge seed cavities and cores soften bad1y after canning and 
are unattractive. 

PEELING METHOD FOR WHOLE TOMATOES 

Severa1 peeling methods have been r epo r ted for canning pee1ed who1e 
tomatoes : hand-peeling after being steamed or boiled for a short time , 
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lye-peeling , calcium-chloride peel i ng , and freeze- peeling . The third 
method is common in Taiwan. The peel needs to be rubbed off by hand 
after immersion in a boiling CaC1 2 + NaCl bath followed by cooking in 
running water. Moreover , tomatoes need preliminary coring , otherwise 
the skin cannot be rubbed off easily . Coring is a very labor- consuming 
process. . Lye peeling with the use of a surface active agent was reported 
to produce good quality and better yield (9). However , it still needs 
coring and hand-rubbing. In the United States , lye peeling is the 
generally accepted method for tomato peeling , and rubbing off the lye回
treated peel is carried out by revolving rubber discs (8) . Considerable 
water can be saved and the waste disposal is reduced appreciably with 
this method (5). The disadvantages of the conventional (CaC1 2 + NaCl) 
peeling method used in Taiwan are : high peeling losses , damage , and 
the use of large amounts of water. 

Rinsing 
both 

PILOT -SCALE PEELlNG LlNE 

J 
utílzes a rubþer disç p'eeler to wipe Iye-t~eated tomato skins from 
the t;αnato， thus reduèing water èonsúmption. 

THE COST OF CONTAINERS 

Container costs in Taiwan are higher than in other countr汁 es ， and 
an effective way to reduce the cost of packing tomato paste is to in­
crease the container size. However , due to the slower rate of heat 
penetration for tomato paste in large containers , a product of good 
quality cannot be obtained except when aseptic packing is applied. As 
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more water is evaporated , the cons i stency of the concentrated tomato 
product increases and the rate of heat transfer decreases. Although 
the hot pack method is applicable from the sterility safety point of 
view , the cooling rate is too slow to get an acceptable product quality 
when packed in meta l cans larger than Taiwan No. 1 cans. Over-cooking 
and darkening of the color results if the products are exposed to high 
temperatures for too long . The cooling rate may be accelerated by 
turning the cans around or end over end to agitate the contents. How-
ever , a satisfactory mechanical agitat .ion may not be eas i1 y achieved with 
large cans (i.e . 18.9 在 cans) . The aseptic canning technique many be the 
proper way to solve the problem . In th i s process the sterilized and 
cooled products are poured and sealed in a container aseptically and no 
further cooling is necessary after seal i ng . We have insta11ed a Oole 
Aseptic Canning System in our institute under the project sponsored by 
the Chinese National Science Counci l. Some experience was gained in 
packing various viscous puree of fruits and vegetables with this system. 
The Dole Company al so supp1ies ase pt i c canning systems for cans up to 
18.9 f capaciti, as we lì as a system for plastic f i1 m pouches (1 ,4 ,6). 
Since cans for tomato paste shou1d be i nterna1ly lacquered , the use of 
a p1astic pouch would be an economic alternati ve to 1acquering cans. 
Natura11y , the pouch has to be sterilized before packing the paste and 
vacuum sealing is necessary in addition to the aseptic filling . 

SPOILAGE 

An investigation of the microbia1 contamination level of raw tomato 
stock (Tab1e 3) , the efficiency of tomato washing operations (Table 4) , 
and the microbia1 contamination level of unprocessed whole pee1ed 
tomato (Tab1e 5) indicated that some tomato canning industr汁 es in Taiwan 
do not have a wel1-organized sanitation program. A1though th 色 contami-
nation in raw tomato stock was lower than that in the U.S. , the tomato 
washing operations in most of the tomato canneries in Taiwan shou1d be 
improved. 

Tab1e 3. The 1eve1 of contamina句 on on 23 samp 1 es of raw 
tomato stock i n Taiwan. ~ 

Total bacteria Tota1 mesospores 
Range Median Range Median 

一一一一一-一 --一一一-一-一- No/ml samp1e ---一-----一-一一一-

4 ~~ ， ~6 ~r ， ~5 60 x 10τ - 48 x 10 v 26 x 10 v 220 - 2 ,800 1 ,400 

αRef. 10. 

The thermal resistance of spores of butyric acid anaerobes which 
might cause gaseous spoilage in canned tomato products is re1ated to the 
pH of the product._ Heat processes that ra i se center temperature within 
the range of 84-890 C are satisfactory for tomato products with a pH va1ue 
below 4.2. 
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Table 4. Tomato cle~ning efficiency at canning plants 
in Taiwan. u 

Cannery No. Avg. removal 
runs Total bacteria Total mesospores 

A 4 75 96 

B 6 42 37 

C 6 50 45 

D 7 94 60 

Average 

αRef. 10. 

65 60 

Table 5. 

Cannery 

A (N=13) 

B (N=ll) 
C(N=8) 

αRef. 10. 

Contamination level of unproc~ssed canned wnole peeled 
tomatoes in Taiwan canneries. 凶

Total bacteria Total mesospores Flat sourspores 
Range Median Range Median Range Median 

一一一一一一一一一一一- No/mf sample 一一一一-一一一一一一-

19-765 270 11-150 40 4-40 19 

190-1 ,600 762 17-1 ,140 162 4-45 21 

800~8 ， 500 3 ,480 150-4 ,500 2 ,330 5-700 147 

Strict adherence to recommended processing schedules , plus good 
factory sanitary practices are recommended to reduce the hazard of 
butyric acid fermentation in the canned product. From our studies , we 
suggest the following points for controlling microbial spoilage in 
canned tomato products: 

1.0nly sound tomatoes of high quality should be allowed to enter 
the plant. 

2.The tomato washing operations should be improved to attain a 
cleaning efficiency of at least 95克 removal of total residues. 

3.When considering the adequatethermal processing for canned tomato 
products , a pH value below 4.4 is recommended to minimize spoilage. 

4.For thermal treatment of canned whole tomato , a rotary or agita­
ting cooker is recommended to replace a stationary retort. 
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The expansion of tomato as a pro­
cessing crop is partly due to 
processing techniques. 

An effective way to reduce the cost 
of containers in Taiwan is to in­
crease their size. 
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THE ECONOMIC CONTRIBUTION OF THE TOMATO PROCESSING INDUSTRY 

IN TAIWAN 

Yu-kang Maoα 

INTRODUCTION 

Taiwan's tomato processing industry dates back to 1918. Its early 
products were mostly used with canned sardines. However , in 1931 tomato 
production in Japan began to decrease , thereby giving Taiwan a boost in 
the Japanese market. Because of good quality , Taiwan's tomatoes were 
favorable received by the Japanese. 

Just before World War 11 , production of processed tomatoes reached 
an all-time high of 223 ,034 standard cases , produced on approximately 
1,500 ha. The industry , at its height when war broke out , suffered the 
ravages of the times. Since the war , however , new processing industries 
with products such as pineapple , bamboo shoots , mushroom , and asparagus 
have been developed. The export of processed tomato products was discon­
tinued. 

In 1967 , there was only one tomato processing company , the Kagome 
Food Company , a joint venture between Chinese and Japanese businessmen. 
Its primary objective was to produce canned tomatoes , with approximately 
60% exported to Japan. The industry developed very rapidly.There were 
50 food processing factories producing canned tomatoes in 1976. 

The tomato processing industry in Taiwan recovered in recent years 
because of favorable conditions for tomato production , such as a dependable 
supply and relatively low labor costs , and the recent reduction of tomato 
production in major producing countr汁 es which caused a price hike in the 
world marke t. 

THE IMPORTANCE OF TOMATO TO THE FOOD PROCESSING INDUSTRY 

There were 194 food canning factories in 1976 , 50 producing canned 
tomatoes. Additionally , these factories produced different products in 
different seasons to fully use facilities throughout the year. The 
average tomato production was 31 ,000 standard cases per factory. The 
largest , President Company , produced 302 ,405 standard case~ per year 
and the smallest , Wuchung Company , produced 500 (Table 1). 

αChief ， Rural Economics Oivision , JCRR , 37 , Nan Hai Road , Taipei , 
Taiwan , Republic of China. 
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Table 1. The scale of Taiwα gn's tomato processing 
industry in 1976. 

Business scale Factories ~1a rket s ha re 

-standard cases- -no. - - %-
300 ,001 and over 19.43 

200 ,001 - 300 ,000 2 31. 58 

100 ,001 - 200 ,000 8 . 57 

50 ,001 - 100 ,000 2 7.43 

25 ,001 - 50 ,000 8 18.24 

10 ,001 - 25 ,000 8 8.67 

5 ,001 - 10 ,000 7 3.35 

2 ,501 - 5 ,000 9 2.32 

1 ,001 - 2 ,500 2 0.19 

501 - 1 ,000 0.04 

500 and below 9 0.18 

Total 50 100 . 00 

αRef. 2. 

In order to fully use the existing facilities and labor , factories 
diversified production. Mushrooms , corn , water chestnuts and Mandarin 
oranges compete with tomatoes for the use of facilities. Asparagus , 
bamboo shoots and fruit other than Mandarin oranges complement tomato 
production. 

Those 50 canning factories producing canned tomatoes in 1976 
expanded production to 2-10 products (Table 2). Factories producing 
3-6 products were the most common , accounting for 58% of the total. 
The importance of canned tomato products to total canned food in these 
50 factories is shown in Table 3. 

Table 2. Varieties of products cannα ~d in food processing 
factories in Taiwan , 1976 . 

No. of products 1-2 3-4 5 回 6 7-8 9-10 Total 

No. of factories 9 18 11 7 5 50 

% 18 36 22 14 10 100 

αRef. 2. 
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Table 3 reveals that for 26 factories with aγatio of canned 
tomatoes to total products of less than 10兔 ， the average production was 
only 8 ,000 standard cases per year. Diversification was the main rea-
son these factories produced tomato products. On the other hand , for 6 
factor吋 es with 56 % of the total tomato exports in 1976 、 3 were established 
in recent years. This indicates that the great potential for canned 
tomato products in foreign markets had encouraged entrepreneurs to in-
vest in this venture. 

Table 3. canned tgmato productsgshare of tota1canned food fn5O facto川 es
in 1976. 

The share of canned 
toma to to to ta 1 。-10 11-20 21-50 51-80 81-100 Total 
output (%) 

No. of factories 26 10 8 4 2 50 
Exported canned 

tomato 
(1000 standard cases) 205.9 250.9 234.1 314.9 550.4 1,556.3 

Average export 
per factory 

(1000 standard cases) 7.9 25.1 29.3 78.7 

αRef. 2. 

THE IMPORTANCE OF CANNED TOMATO PRODUCTS TO 

TOTAL CANNED FOOD EXPORTS 

275.2 31. 1 

Within a short period following the opening of world markets , factories 
began to add canned tomatoes to their processing lines. According to the 
Taiwan Canners l Association , the export quantity of processed tomatoes 
increased from 5,250 standard cases in 1968 to over 1.6 million. The 
export value of tomato products increased from US$37 thousand to US$1.3 
million (Table 4). Export value of tomato products ranked 7th among 
other products (Table 5). 

The major export markets for Taiwan's canned tomato products in 1976 
were Japan and Canada , with 40% and 38% of the total , respectively 
(Table 6). The major tomato product exported in 1976 was paste , with 
53% of the total. Peeled tomatoes came second with 43% of the total export . 

Although the tomato processing industry has been greatly developed 
in recent years , Tctiwan's share of the world processed tomato market is 
small. There is still much room for expansion in foreign markets. 
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Table 4. The quantity and value of Taiwan's canned tomato exports , 
1968-76. "" 

Production Export quantity Export value Total canned 
food exports 

---1000 standard cases--- -mill i on US$- - %-

1968 5.2 5.2 .037 0.04 

1969 53.0 41. 5 .187 0.19 

1970 65.2 62.7 .124 0.12 

1971 82.8 63.6 .290 0.24 

1972 70.2 60.1 .364 0.28 

1973 387.8 316.6 2.872 1. 67 

1974 1,275.3 832.7 9.214 4.34 

1975 1,946.8 1 ,324.0 12.316 6.05 

1976 1 ,648.4 1 ,556.3 13.128 4.76 

αRef.3. 
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Commodity Production Export quantity Export value 

----million standard cases--- -mi 11 i on US$-

Asparagus 3.569 3.899 97.020 

Mushroom 3.006 2.670 55.430 

問arine products .624 .586 18.968 

Bamboo shoot 3.098 3.034 18.550 

Fruit juice 2.299 2.107 18.096 

Pineapple 1.132 1. 351 13.628 

Tomato products 1.648 1.556 13.127 

Totals 18 ,835 18 ,386 275.745 

αRef. 3. 

CONTRIBUTION OF THE TOMATO PROCESSING INDUSTRY 

TO FARM INCOME AND RESOURCE USE 

The food canning industry buys tomatoes from many small farms for 
processing into various canned products for export. Tomato is a winter 
crop grown from Aug to the following May , and provides raw mater汁 al
for processing from Nov-阿ay. In Taiwan , the tomato processing industry 
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Table 6. Principal countα y、 ies importing canned tomato products from 
Taiwan in 1976. 

Total Peeled Tomato Tomato Tomato Tomato 
tomato paste puree sauce 

- ---目----自由 -------1000 standard cases---- 目-----..__-可-

Japan 617.7 89.8 516.5 4.9 6.5 

Canada 592.9 519.4 67.2 5.2 1. 1 

U.S.A. 122.8 1. 3 12 1. 3 .2 

Saudi Arabia 68.6 11. 5 32.4 24.6 

Puerto Ri co 26.8 26.8 

Singapore 24 . 4 16.9 7.4 

Philippines 22.4 22 . 4 

Australia 21. 6 18.3 2.8 .4 

Hongkong 18.4 .2 2.2 15.8 .2 

Suva 13.5 13 . 5 

Totals 1,556.3 662.0 824.3 11. 0 31. 4 27.5 

αRef. 3. 

organizes the growers through a farmer-factory contract system. The 
contract is signed through the local farmers ' association for the bene­
fi t of fa rmers. 

Between 1967-75 planting areas for tomato expanded from a few 
hectares to 4 ,560 ha. However , the lack of reliable large export channels 
and a big carry-over stock forced a reduction in both the number of 
factories contracting with growers and the number of contracted hectares 
per factory in 1975/76 (Table 7) . 

Factors influencing farmers ' decisions on planting tomato are the 
comparative advantages , farmers ' available inputs , and natural environ­
ment. The common cropping patterns which include tomato in Taiwan are: 
late rice -tomato - (fallow) - late rice; late rice - tomato -mungbean 
(or kaoling) - late rice; sugarcane - tomato - late rice , (Fig. 1). 
Tomato also is intercropped with sugarcane and orchard trees (Fig . 2). 
By fully using farm resources , these cropping patterns can increase 
farmers ' cash income significantly. According to AVRDC , the producers ' 
net profit from tomato was approximately US$134/ha with a guaranteed price 
of US$28/t in 1976 , which was advantageous compared to other winter 
crops. 

The farmers ' total share of exported tomato earnings can be calculated 
from the farmer-factory contracted quantity and price. From Table 7 we 
can see that tomato farmers ' share increased steadily from US$8 ,144 in 
1967/68 to US$7 million in 1974/75 , and then dropped to US$4 million 
in 1976 because of the reduction in the number of contracted hectares 
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May Jun Ju l Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

/Late Rice / I一一___1:叫~5而花//

/ Waterme 1 on /片一一-JmLh5GiAane

/Wat甘me l on / ~_____l叫Q一-trJ;iiTea--J「

戶川

Sweet Potato 7 E心-4rcan

L __ 一 _T_QlT01Q _ __J 
Mango or Oranqe Trees 

Fig. 2. Cropping patterns that inc lude intercropped proces ­
s ing tomato. 

SUMMARY AND CONCLUSION 

Owing to the comparatively lower factory labor wage , industrious 
workers , low cost but good quality raw materials , and a wide range of 
processable agricultural products , the Taiwan tomato processing industry 
has shown a sharp expansion in recent years. 

Processed tomato , one of the important export commodities among the 
canned food products , ranked 7th in 1976. We conclude that the major 
economic contributions of the tomato processing industry in Taiwan are: 

1. Canning tomatoes enables a factory's processing line to operate 
year-round , and provides alternative employment for farm family mem­
bers. It reduces the cost and increases factory revenue due to a 
more complete use of the facilities. 

2. Farmers' income is guaranteed through contracts with the canneries. 

3. On the national level , canned tomato product exports increase 
foreign exchange earned and make fuller use of agricultural resources. 
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DISCUSSION SESSION V (MORNING) 

Hubbe11: What was the average temperature and what was the rainfa11 dur­
ing the tria1 of SSD materia1 p1anted in May , 1977? 

旦旦: Inr~he MA~~I station w~~re ， t~e SSD ，，~a!~b~alsT~e~e eva1ua~~d ， tem­
perature f1uctuation is norma11y between 23-31 v C. It is genera11y dry 
in May. Supp1ementa1 irrigation was provided to the p1ants as needed. 

Hubbe11: One SSD 1ine showed fruit size of 80 9 with a good yie1d. Have 
some seeds of this materia1 been returned to AVRDC? 

Chai: According to Dr. Vi11area1 , AVRDC has most of these SSD materia1s; 

Sunarjon0: The SSD method of breeding tomato is sure1y surprising. How­
ever , it requires more seed hand1ing with each generation. Howeffective 
is the bu1k method up to the 4th generation when combined with the SSD 
method? 

Vi 11 a rea1: Actua11y , we start with about 2 ,000 seed1ings per cross. By 
natura1 se1ection , this number is reduced to about 500 in the Fs . We 
have used a modified SSD in which we subjected the F2 's to a wi1t epiphy­
totic condition. Surviving p1ants are advanced by the SSD method. 
Other workers in the U.S. , 1ike Dr. Pierce , found this method equa11y 
effective in se1ecting for desirab1e genotypes. 

Ac1an: Under the Taiwan situation , what shou1d be the yie1d to make seed 
production profitab1e? 

Yu: 1 do not know. 

Acosta: How much seed yie1d do you get from a ton of pol1inated fruit? 

也: It is difficu1t to base yie1d from tonnage of tomato fruit harvested. 
In Taiwan , we use hectarage instead. We obtain about 20 to 30 kgjO.1 ha. 

坐坐旦旦: Does hand po11ination reduce seed yie1d? By how much? 

Yu: Sorry , we don't have data on this. Some scientists say , however , 
that yie1d cou1d be reduced by 20-30%. 

Vi 11 a rea1: In one growing season , how many farmers does Known-You Seed 
Co. contract to produce seed? 

l~: Known-You Seed Co. contracts at 1east 300 farmers per season. 

Vi11area1: How many ki10s of seeds can they produce? 

Yu: This year , maybe about 12 t. 

坐坐坐: How 10ng \'/i11 you be po11inating and when do you start pollinating 
to get good set in a p1ant? 

旦旦: We start with the second c1uster of every p1ant and continue po11i­
nating unti1 the 5-7th c1uster. 
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坐坐坐: 00 you stagger your planting to spread your labor force? 

Yu: Yes , we stagger our planting dates. 

坐坐旦: How much heterosis in terms of yield do you get from Fl compared 
to ordinary varieties? 

旦旦: This varies according to the combination and year. Factors such as 
uniformity , growth , vigor and early maturity contribute to the advantage 
of Fl hybrid. The yield may be 10-30% better than standard varieties. 
We have some hybrids that yield 50% more. 

Chai: 00 the parental materials that you use for Fl seed production 
carry any bacterial wilt resistant genes? If yes , do you observe any 
heterosis effect? 

也: We don't know if the materials we use carry bacter叫 wi1t resistance 
since we receive both parents from foreign seed companies. 

且已: How does the cost of Fl seed compare to the 0付 i na ry ones? 

也 lla豆豆1: Fl tomato hybr、 id seeds are about 15-20 times more expensive. 

Mansour: Can bacteria1 wilt be transmitted by seed? 

Yu: No. 

Sunarjon0: How many flowers per day can be po11inated by a laborer? 

Yu: We need 200 female workers per hectare. 

Vorayos: What fruit co1or of Fl varieties is the most popu1ar in foreign 
countries? 

Yu: Red. 

Vorayos: What methods do you recommend to induce maximum seed content. 

~: We use single stem to increase the fruit percentage. The second 
method is the use of calcium , which is needed for acid soi1s , to reduce 
root rotting. Another , is the use of borax . For example , on our farm , 
borax is app1ied at a rate of about 10 kgjha. Boron deficiency severe1y 
reduces the seed content. 

型生之: How many ki10grams of seed are used by farmers per hectare? 

Yu: About 200 g. 

Afuti ti: In tomato breeding , how 10ng does it take from germplasm collec­
tion to the time hybrid seeds are ready for export? Are there any other 
practical ways that will take less time? 

Villarea1: The North Carolina and Hawaii tomato breeders took 30 and 
25 years , respectively , to develop bacterial wilt resistant varieties. 
Of course , they started with a wild tomato , L . pimpinellifolium for their 
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source of resistance. However , by using improved varieties from other 
breeding programs , much faster progress can be made , as at AVROC. 1n 
addition , AVROC scientists used an interdisciplinary approach in breeding 
for bacterial wilt and heat-tolerant tomatoes. 1n about 6 years , AVROC 
has produced a number of breeding lines that have done well in several 
countr汁 es in the tropics. 

世主主: The male sterility question was introduced. 1s there any real 
poss i bil i ty tha t i t can be found i n the totna to germp 1 asm? 

vi 11 area1: Many male sterile plants have been observed in the tomato. 
However , their practical use has not been worked out satisfactorily. 
There are rumors that some seed companies have used male sterile lines 
on a semi-commercial scale. 

Augustine: A stamenless tomato has been used by the 1sraelis in Fl seed 
production. 

Bell: We have heard that farmers in most countr、 ies of S.E. Asia 
save their own seed. At the same time , we observed the excellent and 
successful work of Known-You Seed Co. in producing vegetable seeds for 
sale to farmers. Obviously a few farmers are buying vegetable seeds of 
pedigreed ori~in ， although their number may be small in proportion to the 
total farming population. 00 you have an opinion about the trend ih the 
future of the adoption rate of buying vegetable seeds by farmers who 
now save their own? 

Yu: 1f the price is reasonable , farmers would like to use Fl seeds. 1f 
the price is too high , theylll use their own seeds. 

Luh: 1n Taiwan) farmers did not care about the price of OS cross (F 1 

cabbage hybrid) even if the price was 20 to 30 times higher than ordinary 
cabbage seeds , as farmi ng practi ces and ~the economy advance , more hybri d 
seeds will be used by farmers. 1f a country remains developing , like 
Bangladesh , 1 don1t think farmers will be able to afford even ordinary 
seeds , much less Fl seeds. 

些立: 00 you know of any area that is an example of farmers increasing 
the adoption rate of buying vegetable seeds? 

Castro: This might be a difficult question , because in Taiwan farmers 
rarely use their own seeds. You can refer to areas outside of Taiwan. 

Anonymou~: What about the future of the production and marketing of 
seeds by your company , do you expect an increase in the production and 
marketing of your seeds? 

旦旦: No , because with the rapid industrialization of Taiwan the cost of 
labor is getting higher and higher , so 1 think hybrid seed production in 
Taiwan will become more difficult after 5 years. 

坐立: 00 you see fa rmers i ncreas i ng the buyi ng of vegetab 1 e seed i ns tead 
of saving their own? We understand that your company is producing seeds 
for ths U.S. and European market in a rather large quantity. 1s the 
production of seeds for the Asian countr、 ies outside of Taiwan , Japan , 
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and Korea increasing? Let's say , for examp1e; Indonesia , Phi1ippines , 
Thai1and, and Ma1aysia? 

Yu: 1 think it wi11 be increasing. The farmers now see that hybrid 
seeds grow more vigorous1y and uniform1y. 50 if the market requires more 
uniform tomatoes , 1 think they wi11 grow hybrid tomatoes. 

Bell: Which of the countr、 ies ， Phi1ippines , Thai1and , Malaysia , Indonesia , 
is increasing their buying of seeds? 

也: Very few Asian countr汁的 buy our seeds. The seeds are exported to 
u. 5. , Japan , and Hol1and. A1most none are exported to 川a1aysia ， 5ingapore, 
and Phi1ippines. They say it is expensive. 

vil1 area1: The ra te of adopti on depends on how exci ti ng the hybri d or 
va-rTetiTs. For examp 1 e when we i ntroduced KK (a cabbage F 1 hybri d) i n 
the Philippines in the 1ate 1960's farmers comp1ained about the cost of 
seed. Now , 10 years 1ater , almost 100% of the area p1anted to lowland 
cabbage in the Phi1ippines is in KK. Mr. Paner , wou1d you know the seed 
yie1d of those tomatoes that survived wi1t infestation? 

Paner、: No seed yield was obtained , since on1y a few p1ants survived. 
was to1d , however , that many seeds were observed in fruits that were 
opened. 

且全羊: Don't you think it is risky to expand the acreage of this project , 
considering your experience in the first year? 

也盟主: 1 was to1d by Mr. Domingo , the seed grower , that the wi1t prob1em 
may be partial1y solved by growing the tomatoes in fie1ds previously 
p1anted to rice. He observed that ma1e (po11en) parents p1anted this way 
had better survival than the female parents p1anted in another field. It 
is only an assumption that wilt infestation may be reduced by planting 
tomato after paddy rice. 

Ho: Where was the trial conducted? 

Paner: In Isabela , about 400 km northeast of Metro Manila. 

旦旦: Don't you think your sowing date of Jan 14 may be a litt1e 1ate? 

Paner、: It was sown Dec 14 and was transplanted to the field Jan 7-10. 
T有可言 tlme ， however , we will trying sowing earlier; maybe as early as 
Nov. 

且~: Is the objective to produce hyb什 d tomato seeds for the Phi1ippines 
only , or for export? 

旦旦巳 As 1 mentioned ear1ier in my paper , the demand for tomato seeds 
is for ordinary varieties and not for Fl hybrid. This is true for other 
vegetab 1 es as we 11 . 1 n genera 1, very few fa rmers buy seeds. B i 9 com-
panies produce their own seeds. We have to 100k for more outlets in 
other coun tr、 ies. Right now , we are preparing a program to 100k at the 
potential for vegetable seed industry development in the Phil oippines. 
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Acosta: It we can produce the Fl seed , how much are you willing to pay 
for the seed? The prevailing Manila price will suffice? 

且旦旦: The Manila price is US$80 per kilo. But I heard yesterday that 
Taiwan sells hybrid seeds to the US contracting company for US$54 

Aclan: Considering the daily wage of farm workers in the Philippines , 
and other factors , what seed yield do you think is needed to make seed 
production economically feasible? 

旦旦旦: That is a good question , but hard to answer. I asked Mr. 仙，
but he could not give me a figure. Anyway , it depends on factors such 
as availability of women pollinators , market demand , etc. Taiwan gets 
a 切ut 200 kg of seed per hectare. However , at US$80/kg in Manila , 
100 kg seed yield per hectare in the Philippines will be good enough. 

Acosta: 1s there a difference in wages between female and male pollinators? 
If none , why do we employ only female pollinators? 

且也主: Actually it is not the wages. Women have a lot of patience and 
are therefore more fitted to this work. 

白主主: Is it because the female touch is better and she is paid less? 

Yu: 1n Taiwa叭， the wage varies according to location. For instance , 
in the Pingtung area , male laborers are paid at NT$150 per day (US$4.2 
/ day) , female NT$lOO per day (US$2.80 / day) , whereas , in the Tainan area , 
males receive NT$200 per day (US5.60/day) ùnd females NT$120 per day 
(US$3.40/day). Secondly , women , es pecially young ladies , have te nder 
fingers and better eyes. Thus , Known-You prefers to hire young ladies. 
Even if the boys are willing to be paid less , the company does not want 
to hire them. 
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DISCUSSION SESSION V (AFTERNOON) 

Riley: With the development of the tropical tomato , the potential for 
lengthening the production and processing season in Taiwan now exists. 
If production in Sep-Oct and Apr-May is initiated , with what products 
will tomato compete in the processing factory? 

Kao: In Dr. Mao's paper , he shows that tomato processing period is Nov 
~Apr. In that case , bamboo shoots and asparagus are complementary with 
the tomato processing. If the operation is lengthened as you mentioned , 
tomato would compete for facilities with Mandarin orange , water chestnut , 
sweet corn , mushroom , pineapple and , to some degree , asparagus. 

Guintu: Since establishing the tomato processing ind~stry in Taiwan , 
how much has the average income of farmers increased? 

旦旦旦: This is a difficult question. The number of farmers who are growing 
tomato is rather small and it is hard to determine how much added income 
the tomato processing industry can give to a farmer. In Dr. Mao's paper , 
farmers' incomes are increased in two ways. First , because of contracting 
between farmers and canners , the price of tomato is guaranteed. Thus , 
their income is guaranteed if they can get a stable yield. Second , in 
some areas , land is idle during the winter. But because of the development 
of the tomato processing industry , some farmers are now growing tomatoes 
in the winter. Of course this increases their income. How much increase 
they get , 1 don't know. 

Riley: How do the labor requirements for the processing tomato compare 
with those of mushroom and asparagus? 

Lee: It is difficult to answer , because 1 am not an economist , 1 am a 
processing technologist. 

Rile主: You just stressed in your paper that tomato processing is labor 
intensive. 阿aybe you would know whether the number of people employed 
goes up during the time they are packing tomatoes. 1 am not asking for 
an exact figure , just wondering if tomato processing is a lot more 
labor intensive than the other 2 leading commodities here , asparagus , and 
mushroom. 

自全: 1 just asked the gentleman sitting beside me. 1 presume he comes 
from President Enterprise. He said that tomato processing requires no 
more labor than the processing of asparagus or mushroom. 

Sunarjon0: What treatments do you use in processing (i.e. chemical 
treatment for preservation)? 

Lee: For peeled tomilto , the treatments are: washing , coring , and peeling. 
But for tomato juice or paste: washing , pulping , and concentrating. 

Anonymous: What kind of chemical do you add to the juice? 

Lee: Only citric acid is added to adjust pH value. 
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Riley: Does the government help smaller companies make contact with for叫 gn
markets? Does President send representatives to the countr、 ies where it 
i s tryi ng to open ma rkets for i ts products? 

旦旦: For the time bei 呵， the Government gives no direct assistance to 
tomato companies , but the Government always encourages the tomato companies 
to have their products exhibited in foreign countr汁 es to let foreigners 
learn about the Taiwan tomato industry so that they can contact Taiwan 
tomato companies for business. So there is no special help for either、
the small or the big companies. 

且主主~: Does President assign a representative to the country where it 
is trying to open a market for each product? 

旦旦: We don't have special 內presentatives staying in foreign countr汁 es ，
but our people , like 川r. Shih our manager , or our President , go abroad to 
search for buyers and to investigate markets. 

問ansou r: For hundreds of years , the tomato was considered poisonous. 
It has been popularized nicely in the past 50 years. Today , several 
scientists have proposed the idea that tomato and other solanaceous crops 
are partially responsible for some types of arthritis and perhaps other 
similar ailments. The reason proposed by Norman Childers is a case in 
point: 
Questions are: 1. What should the responsibility of the tomato scientists 
be to this proposal; 2. Does anyone have any evidence to either、 refute
or to support this proposal; 3. How should tomato processing industry 
respond? 

Johannesen: It is unfortunate that this book was published. The cover 
shows a picture of 2 cigarettes , an eggplant , a potato , peppers and 
tomatoes. These are al1 in the solanaceous group. Norman Chi1ders 
be1ieves , fervent1y , that eating potatoes and tomatoes causes his ank1es 
to swe11.....and that there is a problem with the. ..., we11 1 won1t 
use the word , but there are a1ka1oids , of course , in the solanaceous 
fami1y , and we have known for a 10ng time that some compound is produced 
in potatoes that gets green from exposure to 1ight that is not good. 1 
was very interested in this book because it presents the same type of 
potentia1 problems as did "Si1ent Sprinq" . Apparently he made a survey of 
about 600 people and asked them how they fe1t after eating solanaceous 
fruit. He pub1icized the resu1t of the surveys he made in this book. 
But 1 don't think he presented any hard evidence that the solanaceous 
crops were , in fact , hurting the health of the people. 1 have been 
waiting for some reaction to the book , but apparently nobody is reading 
the book except those concerned. 

vi 11 area1: Dr. Chi1ders was my professor in Horticu1ture at Rutgers. 
have not read the book , but it seems to me that if it can be proved 
definitely that there are compounds in tomato that are responsib1e for 
arthritis , 1 think with the present technology in p1ant breeding , it 
would be possible to develop varieties which may contain less of these 
compounds. 

Johannesen: In regard to the compounds in the tomato and the solanaceous 
family..... ..Allen Stevens mentioned today some of the insect resistance 
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work that is being done.....to find higher levels of alpha-tomatine in the 
tomato , which is perhaps responsible for resistance to insects. We have 
a proposal from the Univ. of California to fund a research project on 
insect resistance. We have a lot of insect problems in California and 
we don't want really to introduce another one now , when we have priority 
projects like.....night shade , nut grass , variety development for 
disease resistance , and others. So we elected not to go into this topic. 
One of the reasons was that the timing for talk about tomatine was perhaps 
not just right and until the publication of that book we just avoided 
this particular project for the time beinq. Not that we arenlt interested 
in insect resistance , we are , but Allen did point it out , and the reason 
he pointed it out was that he is aware of the same thinq , 11m sure , that 
apparently in the tomato the tomatine disappears with maturity. We hope 
that is true and the indications are that it is , but we'would just as 這 oon
s i rle s tep tha t for the moment.. 

坐坐坐: Containers are very expensive here in Taiwan. Is there a plan 
to minimize the costs in the future? 

Johanessen: 1f you are talking of the costs of the cans , 1 have never 
seen stronger cans than you have here in Taiwan. Most of the juices that 
we have in the mainland come in thin , very paper thin , aluminum , etc. 
1 was thinking of the weight for shipping. 1 wonder if you'd be better off 
with the thinner cans? The cost of the container would be a lot less. 

也坦之: Your reference to the mainland is to the United States. 1f you 
have been here long enough to see how traffic is here , you need heavy 
cans for insurance. 

Lee: Cans are expensive because the tin plate is imported from Japan. 

Luh: The industry has thought about this and thinner tin plate will be 
used in the near future.. 

Belì: 00 most of the tomato products from Taiwan enter the North American 
F豆tail markets through North American brand names or through Taiwan brand 
names? 

Mao: At least some Taiwan tomato products are sold to North American and 
ot有er markets under their own Taiwan brand name; whereas, when small 
amounts of products are sold , they are sold under foreign names. 

Castro: Ouring the break time , 1 suggest you take a look at the tomato 
E又有Tb干tion. Most of them are exported products. 1 think they use the 
President name. 

282 



COSTA RICA 

SYMPOSIUM PARTICPANTS 

INDONESIA 

+L 
F\4 .

可
目
，

可E
E
E
a

『E
E
E
-

ea HUF' 
門
叫V
H
U

-
1
，
毛
L
a

M
們
可
l
k
u

刊
u
1
l

﹒

,
FL2u 

ρ
」
﹒
-
B
F
←
」
﹒
1
且

可
l
+
L
T
i
r

--rTar oonunu 仆
們
仆
n
F
I
U
T
l

Apandi , Euis 
Researcher 
Lembaga Penelitian Hortikultura 
Lembang 

DOMINICAN REPUBLIC Sunarjono , Hendro 
Hort. Research Institute 

Villanueva-Tavarez , Guillermo E. Pasarminggu , Jakarta 
Director 
Dept. Investigaciones Agropecuarias Yasis 
Sec. de Estado de Agricultura Staff Member 
CNIA , San Cristobal Dir. Perlindungan Tanaman Pangan 

Jl Ragunan 
EL SALVADOR Pasarminggu , Jakarta 

Duarte , Oscar 
Ingeniero Agronomo 
Cent. Nac. de Tech. Agropecuaria 
Programa de Hortalizas 
Cas i 11 a 885 
San Salvador 

們ontes ， Alfredo 
Horticulturalist Advisor 
Cent. Nac. de Tech. Agropecuaria 
Programa de Hortalizas 
Casilla 885 
San Salvador 

GHANA 

r-nu 卒
，u

p
』

HU re 卒
，
』
門
叫υ

c
d
ρ
」

nTl Ti--
.nu M

K
e

尸
t
u
1
4

﹒

C

門H
U

RHHnHS1i 

-
e
w
?

」

nu--e 

FLFIV

<

，

r
、
u
A
U
n
u

enn6.­qv-nMMS r.--a 
n
u
r
-
-
n
u
m

仙

e
q
d
+

」
﹒

u

尸
u
n
u
n
q
u
n
r
v
k

INDIA 

vv .
可
』
'

nH 

nKHU

. 
4lu 

mlu

.
nut 

-
1
』

ρ
」

'vthu n
H

門
叫U

司d
n
H
ρ

」

們
H
r
t

auue srAU4lur --oa--o 
r
S
M

川

U

十
M

L
K

【\
J
F
L

「d

u
e

『
|
-
-
k
υ

h
H
P
T
.
-
+

」

m

fuomr

.1. 

uraoo MMDIT-MNFL 

『d
r HU 

4ju 
可E
E
I

HU 
LK 

-
可
』E

+L VE nu Hn 

+Ln 
q
J

『d

•• 

『
E
l
-
-

』

H
W
可
-
4
l
u

a-­A
U
-
-
可
-

1
l
F
L
ρ

』

oen rnve 
a

〈
d
n
γ

叫
鬥

maGJ 
,
anyn 

GJraa 
n
o
d
-
O
L
υ
 

uomm oree vePILlL 

JAPAN 

Oshima , Nobuyuki 
Chief of Research Division 
Inst. for Plant Virus Research 
2-1-2 Kannondai , Yatabe-cho 
Tsukuba-gun , Ibaraki-ken 300-21 

Sumida , Atsushi 
Tomato Breeder 
Takii Plant Breeding Station 
Kosei , Koga , Shi ga 520-32 

Takahashi , Osamu 
Senior Breeder 
Takii Plant Breeding Station 
Kosei , Koga , Shi ga 320-32 

NIGERIA 

m 
「
GF

』
門
叫
》

nu r Dl 

「
←i

CJ 

em que 
v
s

卒
，
」

osnu 
e
t
y
h
/

』

戶
U
S
C
J

「
J

-
1
1

「
h
叫

,
mGd 

n
H

門
u
n
u
-
n

仆

o
n
-
-
R
υ
a
 

s
o
m
n

鬥

-
A
U

-
-
r
r
T
i

鬥

a

-
1
q
:
d
T
i
-
A
υ
 

MWHHFTip-

283 



KOREA 

Kwack , Soo Nyeon 
Junior Researcher 
ORD Hort. Experiment Station 
Suweon 170 

Lee , Soo Seong 
Senior Researcher 3B 
ORD Hort. Experiment Station 
Suweon 170 

Yu , I1. O. 
Plant Breeder 
Research Farm , Choong-Ang Seed Co. 
600 Gandong-don 口， Buk-gu 
Busan 

MALA YS 1A 

Ch a i , Mak 
Professor 
Dept. of Genetics 
Universiti 們alaya

Kuala Lumour 

Shams udin , Bunsu 
Pro j ects A.nalyst 
Kumpulan Firma Bhd. 
2nd Fl. Sharidal Comple x , Jl. Yonq 
Shook Lin Petaling , Jaya , Selangor 

Tee , T. S. 
Head and Re search Officer 
Hort. Research Branch 
MARD1 
Kuala Lumour 

OCEAN1A 

Cruz , Jose A. 
Vegetable Crop Extension Agent 
Un iv. of Guam , College of Ag. 
P.O. Box EK 
Agana 

Lee , Chin-Tian 
Assistant Professor 
Univ. of Guam , College of Ag. 
P.O. Box EK 
Agana 

284 

Garmanang , Gabriel 
Agriculturalist 
Agriculture Dept. 
U.S. Trust Territory Research & Devel. 
Yap District , W. Caroline 1s. 96943 

Hengio , Gabriel M. 
Marketing Specialist 
Agriculture Dept. 
P .0. Bo x 245 ，門oen
Truk District , E. Caroline 1s. 96942 

Joseph , Jimmy 
Ag . Extension Supervisor 
Trust Territory Govt. 
P.O. Bo x 355 
Majuro , Marshall 1s. 96960 

可
I
L

A
H『

ny 

-ro 「
「J
V
-
n
M
J

4L 

O+Lnve­nsenys -
-

•• 

可
i
n
υ

「G
T
i

---lnu eaeoe A
u
r
r
n
γ
n
 

AUU

.1 

+L+L

,
1l 

，

1
l

可
l
a
o

s
u
u

﹒
可l
r

nuFLFLnH2u e
.1.1opu 

rrr1l 
O

門
u7、
O
J

O
­

-
L
n
M
H
A
M川
V
A

仁
」

Mikel , 1smael H. 
Asst. Acting District Agriculturalist 
Agriculture Dept. 
P.O. Box 718 , Moen 
Truk District , E. Caroline 1s. 96942 

-i 
A

斗

QJ rhu 

-nHJ 

n
H

卒
，U

O+LO

r
e­

scdenys L
K
﹒

1
n
υ
a
T
i
 

c-ln aaeoe -urrptn 

HUHU--' 

，

+
L
+
L

，
可
l

nv
1I1

,
ao 

--uu-1r 
1
l
﹒

F
L
F
L
n
H

「d

1l

.1.1OPU 

--rFI--
」
H
U

門
叫4
門
U
d
n
u
­

n
r
n
u
n
n片

υ
A
F
」

Afutiti , Salamina L. 
Senior Field Technician 
Univ. of the South Pacific 
School of Agriculture 
P.O. Box 890 
Api a , \~. Samoa 

PANAMA 

Su , Tsau-Hong 
Senior Soecialist 
Chinese Agricultural Mission 
Ap t. 47 
Santiago , Veraguas 



THE NETHERLANOS 

Jansen , Cather、 ina M. 
Or. 阱。llerlaan 3 
Waalwijk 5141 EM 

們
。

可
/

G
dvV

<

en6 
.W 

可

λ
U
F
D
「
啥
叫

enu 

+
L
l
k

可
/

r

可
l
r
o

o
」

H
U

k
υ
n
u
n
H
 

n
u
「
「

ρ
」

nkn3 

可

i
n

,a-­nvvznH 
V
S
ρ
』

ρ
」

n
w
d
n
H
門
UJ

eea 1LFUMW 

PH1L1PP1NES 

Aclan , Francisco 
Assoc. Professor 
Xavier Univ. 
Cagayan de Oro 

Acosta , Juan C. 
Ag. Research Superintendent 
Oel Monte-Phil. Packing Corp. 
P.O. Box 1833 
~~ani 1 a 

Acosta , Socorro O. 
Assoc. Professor 
Xavier Univ. 
Cagayan de Oro 

Bandian , Luisito E. 
Extension Services Advisor 
Planters Products 1nc. 
P.O. Box 3447 
Manila 

-nDZ 

﹒
『
g
s

vlnv oa AUntu 
『d

vv

, 

1lty 
『d

戶K
J
+
L

戶\
d
-
1，
.
可

l

m
川

n
t
u
v

,
nu 

2
u
n
H
F

、d

Junu2u rr-Tix 
O

門
Y
P
E
o

npnunnonk 

「d

-nH 
h\uu 

nHJ 

、d

『d

v
v
.
-

」

﹒
司
，
•• +
』
'

.1a mTib --Im 
p
.

『d

D
l
+
b
τ
l
 

sa 
,
.-zmIU 

nm 
月
u
n
u
-
J

f
H
n
H

可
l

-
1，

n
u

門
U

nHarTic 
2
U

門
叫d
h
v
'
M
U

FaunuHnDFJ 

行
/
』

qd 
可
/

﹒
門
〈

l
v

pu+L 

F32u 
n
u
﹒
可
，

n
H

可
I
E

可
，
』

H
U

--aqJ n
.1a 

有d
F
L
l
L

n
υ
ρ

』
們
μ
E
'

,
F\vcd 

qdo amn naa 
ρ
」
扣
，
n
k
n
D

自

G

門
U
J
n
k

ronMus arru0 戶
L
P
I
n
y
-
L

Casayuran , Pablo R. 
Agronomist 11 
BP1 , Maligaya Rice Res. Center 
Munoz , Nueva Ecija 2311 

+L nH e AU nu 
ρ
」

+L nH ﹒
呵
，
-

r 
ρ
』

ny HU F
、
u

qd nH 
-nu­

pl.-nua 

4LV

. 

oaO AurPEU --e apq

‘3 

n
n
u
n
H

司
3

vd

.1nHU 

e
n
L
K

可
i

nHHnupu 

-1
,
2UVA 

，

+
L
n
γ
n
u
 

o
a
R
υ
a
 

A
U

占
L
-
-
a

F
E
n
H
司I
l
-
-

可
B

ea--nun u--'n

.
a 

p
u
p
a
p
t
n
y
M

們

Oalluway , Reynaldo M. 
Plant Pest Control Officer 
BP1 
Patin-ay , Prosperidad , Agusan Sur 

MH nu nuJFE nHnu --+L mco oer n
υ
r
n
u
 

﹒
『E
E

，

n
υ
0

」

nHlG 
月
U
可
E•• 

man 
7
』

n
H

月
u

uoy pu--a 

q
M
T
i
q

』

eenra AUnknDPL 

ny F' 

戶\
d
n
UPLQ

‘ 

nunH +LVJnu a+LVd 
n
H

可
I
E
M
U

ea-­Rea 

nHHJU 

'vznH2u o
e
+

』

a
1
I

-
1
q
d
n
M

刊
﹒1
.

raen anAU

,
a 

sanaMn OMes nknyiGO 

m
e
r

」

r

-rdt 
e
a
n

門
ζ
e

-
G
「
「

T
i
Q
U
M
H

門
叫d

nH ﹒
唔
，
E

AU 
ρ
」

e FE2u nDnH 

-HU 
nk-LnHd 

n

『d

ealL 
【
、
叫
司

l
'

n
u
n
γ

，
 

可

u
r
s
Oslo 

,
son 

n
q
d

「d

oe-nD ncl+L 
2
u
n
U
F
、d
F
3

ρ
」

V
E
n
H
n
u

nunrTiIL 

Guintu , Ricardo S. 
1nstructor 
Central Luzon Univ. 
Munoz , Nueva Ecija 

Mercado , Ramon G. 
President-Manager 
Ram Food Products 1nc. 
所1 48 , Pulo , Cabuyao , Laguna 

Molina , Bernabe B. Jr. 
Agricultural Extension Specialist 
Bur. Ag. Extension 
San Jose , Pangi 1 , Laguna 

。 lifernes ， Ernesto C. 
Plant Res. Coordinator 
BP1 Region 10 
Port Area , Cagayan de Oro 

Paner、， Victor E. Jr. 
Vegetable Extension Specialist 
UPLB , College of Ag. 
Los Banos , Laguna 3720 

285 



Pastor汁 1 ， Corsino A. 
Senior Agriculturalist 
Dansalan Ag. Training Center 
Da n s a 1 a n C 011 e q e 
P.O. Box 5430 
Iligan City 

VV ﹒
『
'
，

nH 

rHU nu -Aunu 
『d
R
d

nHnH -1a md nunH nu--

Mn 
-J n1. aan 1Ira --+uu nns aeu p.

FLMH 

VJ nuJ nvnu -
-
n
/

』

O

.
7J 

L
H
U
門
M
d
叫
啥
叫

.+Lnun 
nDaa 

v
z
n
y

￡
l
n
H
 

門
u
n
u
n
U
H
U

qdstq

d 

-1snea reaq

MIL 

-

A
U
￡
l

可
l
ρ

」

n
u
n
u
n
γ
1
l
'
 

nkr1.s 

n
γ
z
l
n
u
n
u
 

'orunH 
Z

.

a 

ec

.,
nD 

AUnU+LnHU 
1
l
s
p
a
-

」

s

a
s
e
n
γ
o
 

vvnunnUHU'L 

Virtucio , Adoracion A. 
Study Leader 
AVRDC/POP/BPI 
Economic Garden 
Los Banos , Laguna 

Yabes , Salvador 1 
Sr. Subject 門atter Specialist 
PCARR 
Los Banos , Laguna 3732 

SAUDI ARABIA 

Al Samman , Yasser S. 
Professor 
Dept of Horticulture 
College of Agriculture 
P.O. Box 1432 
Riyadh 

SINGAPORE 

Lim , Bock Soon 
Asst. Primary Production Officer 
Sembawang Field Experiment Station 
Sembawang Rd. , Singapore 27 

von Uexkull , Helmut R. 
Regional Director , E & SEAsia 
International Potash Inst. 
Potash and Phosphate Inst. 
126 Watten Estate Rd. , Singapore 11 

286 

THAILAND 

Be11 , Francis J. 
Program Advisor 
World Bank 
Udom Vidhya Bldg. 956 , Rama 4 
Saladaeng , Bangkok 5 

Charoenrung Rungst , Jack Chai 
Treasurer 
Hort. 1 ndus trγ& Business Society 
P.O. Box 9 
Sansa i , Chi angma i 

vv
u 

nu nH 
ρ
」

Tl 

l
v仇

,
O 

GJ'K nHnHJ HunH -h
H

月
u

punD 

Jaiaqam , Amon 
Vice President-Aids 
Hort. Industry & Business Society 
P.O. Box 9 
Sansa i , Chi angma i 

ps 

ne rr nuuu wt 
『d
F
L

h
H
ρ

」

Tl1L 

. 

,
nvv 

nunu--E V'F'nH OPEUHU LK aenn y1ee 
『G
L
U

『
G

『d

EHHaukvk +L+L -1enn WHnHdnunu 
n
v
戶
」
K
H
h
H

U
K
M
V
U
A
υ
A
 

. 可a
a
t

zl nu 
呵
E
a
-
4

nu
J 

自

G
可E
B
E

-no nu n
-
U『I
l

--,

nu 

『d
1
l
A
u

h
H

『d

司d

+brnV HUOO--

S--cd 
'-1
,
+L 

nva

, 

--AUnHAU T-nuurnk ae ED--+u+L nvann 
2
u
p
」
T
i
o
」
-
u
k

lk

.1vo 
n
H
n
H

「
3
n
H
i
v
h

n
u
ι
H
m
m
n
u
n
可
d

ocapun 」
H
ρ

」
A
U

『d

TlTlnun--enD 

Tonguthaisri , Thongchai 
Ag. Research Officer 
Maejo Ag. Experiment Station 
Vegetable Crops Bldg. 
Chiangmai 

Vattanatungum , Anan 
Vegetable & Ornamental Insect Project 
Entomology & Zoology Division 
Agriculture Dept. 
Bangkok 

Vorayos , Prasong 
Vice Rector & Prof. of Hort. 
Inst. of Ag. Technology 
IAT Maejo 
Chiangmai 



TAIWAN , ROC 

nv v' nU PL e 
om Hunu sqJ +

U

「d

ρ
」
V
K叭

Tl 

nunu 
,
aa 

nuMHnH nH-1

,
.11 

「α

『d

「
d

nDT|T! 

Blaufarb , Marshall 
Tainan Internatl. Dependents School 
Tainan 

Chang , Woo-Nang 
Professor 
National Chung Hsing Univ. 
Dept. of Horticulture 
Taichung 400 

Chen , H.H. 
President Enter、pri s es Corp. 
Tainan 

fhu 
門
/
」

月
斗

eg FLnH 

+lv.-zHu h\dMV'nu --sr

.
-PL 

.-1.e+L-­VTRdcdQda 
-flTi qdCAUO 

n
H
O
」

O
」
-
n刊
，

ρ
h
o

s

e
G
J

」
H

-nqumbne 
戶\
J
U
U

﹒
可
l

F
1
n
H
L
n
H
I
n叫

,
oarus 

nfawn 
e
n
-
-

「
D

﹒
­

h
u
u
a
A
U

寸
h
H

Fau--UTI--P

>

+L CJ 

n--qd e18?ivd n
k

月
u
n
u
n
+
L

-rhu-­nHJHUFL n+uqd -11lnGJ VTUun 

F
L
﹒
可

t
H
U

,
.154L 

n
H
+
L
L
n
H

門
叫J

eron hHoa-­
F
U
H
n
v
k
n
γ
 

Chen , Yung Wu 
Senior Soeicialist 
Tainan DAIS 
480 Tong-men Rd. 
Tainan 

門
M
J

nu nu LK 

門
U
J
F
\
J
V

月
u

nIH 
ρ
」

A
U
H

HWnu

, 

-
﹒

τ
i
 

OQJa vknH'hH 

HUFU 

'
.
、

l
n
u

q
v
z
l
S
凡

H
M
U

n
H
O
」
K
H

」
H

e--onon h
H
h
H

「d
k
i
u
o

」

POUF-UVA--pt 

nu ptU AU 
O
」

ρ
」

「
\
J
)

。

α
VJ V' 

ρ
」

<\dr' HU M
川

puuqd 
.nunH 

nHVTHU 

-
-11 

,
nHF

>

uw-n ﹒
『l
n
u
n
u

hHna 
p
u
v
k
叭
V
K

Djang , Yuan Hsi 
Consultant 
JCRR 
37 Nanhai Rd. 
Taipei 

nv r nu 戶
Lρ

」

m nu 
.
門
U
J

V
A

「d
υ
叭

, 月
u
n
u
n
H

VJaa awn -
v
h
﹒
可
l

﹒
可
』

uaa EITiTl 

Hsu , P.Y. 
President Enter、prises Corp. 
Tainan 

Huang , Han 
National Taiwan Univ. 
Taipei 

Kao , Yu-Hs i n 
Senior Soecialist 
JCRR 
37 Nanhai Rd 
Taipei 107 

Lee , C.T. Robert 
JCRR 
37 Nanhai Rd. 
Taipei 107 

Lee , Yhung Hui 
Assoc. Food Technologist 
FIRDI 
P.O. Box 246 
Hsinchu 300 

Lee , Gilbert 
Secretary to the President 
Chia Mei Canned Foods 
Royal 門ansion 250 
9A Chung Hsiao E. Rd , Sec. 4 
Taipei 

L i , Chi ng-Fung 
Senior Research Fellow 
FIRDI 
P.O. Box 246 
Hsinchu 300 

Lin , Lok-Chien 
Professor and Head 
Dept. of Horticulture 
National Chung Hsing Univ. 
Taichung 

Lin , Chao Hsiung 
Senior Horticulturalist and Head 
Dept. of Horticulture 
Fengshan Trop. Hort. Exp . Station 
Fengshan 

287 



Lin , Show-Ru 
Director of Pingtung Farm 
Known-You Nursery & Seed Co. 
26 Chung Cheng 2nd Rd. 
Kaohsiung 

Liou , Ming Jaw 
Plant Manager of Food Dept. 
President Enterprises Corp. 
2.20 Yan Harng , Yung Kang 
Tainan 

Liou , Tsung Dao 
Sepecialist 
Fengshan Trop. Hort. Exp. Station 
Fengshan 830 

nv pi nu 戶t
u

ρ
」

m 
.nu 仆

鬥

n
y

RAU 

'
v
k
仇

a vtnHnH uaa mwn 
司d
﹒
『l

﹒
可l

b
叭

a
a

nUTlT| 

「
「J
)

2u +i
V

-1-

﹒
『l

V
J
O
」

1'
,

G
J
nv 

川
u
v

t

n
u
-
-
t

吋
J

。
可

i
a

只
叫

n
v

T
l

r

s

h
H 

ee

.t

, 

十
U
F
T
v

a

q
d

so

--DIn 

--rna qunrNUZlu 

n
u
」
刊

,
.nHFBU 

門U
F
U

ρ
」

﹒

1

，
。
可

U

十
u
n

es-ny-­usues n
k
n
u
n「
←l
n
U
N
n

Shen , Ching-Wu 
Senior Specialist 
JCRR 
37 Nanhai Rd. 
Ta i pei 107 

nH nu ﹒

『2
，

+L a +su h\u ny v
<仁

，
』

-EU Tt nu H
鬥

nv onu 
v
v
d
v
f「、u

zT8 
「d

T-nn 

「d

「
d

'
」
H

」
n

ncJCJ 
戶
」
行
了

n
H
J

enn h
u
ρ
}
ρ

」

「
\
)
「
「
仁
，

AU nk 
n
仆

「
d

q
d 門U

J

-
1
l
F

、
〕

n
H

-
h
u

γ
t
4

月
u

尸
L

八
門
-
1

們U
S

G
J
H

鬥

n
H

戶
，
門
叫
J

門
U
J

aon

.
n 

u+LUcu v
h
p
L
h
H
ρ

』
h
H

ρ
」

F
L
戶\
J
F
U

,
FI.---1l 

u--a7

,
a 

只

v
n
υ
T
i
門
ζ
T
i

Su , Nan Rong 
Senior Specialist 
JCRR 
37 Nanhai Rd. 
Taipei 107 

nH nu .

可
-

a

qd .
、EE

VV ﹒

『E
l

n
υ
 

UV
J 

V' 志j
v

Fhd HU AU nH 

-VEEL 
Hn 

• 

• 
+
L

JU 

Mmnnk 

『d

可
/

111l--nu upia-4 
「d
h
H

n
v昌
，

n
u
.、
1

ε
-
2
u
ρ
」

'
e
n
H
H
M

川

n
v

nH

.1.nk-1

, 

u
h
H
P
U

可
/
a

p\
d
F
E
U
-
U
司
t
v
T
l

288 

-AU 
-nk 

nu
' 

FE-
OF\d pu 

n
Hd

門
U
J

nen a---1 」
刊

n
y
u
k

p
\
d
n
υ'
 

-aGd GJen anu 
n
川
﹒
勻
。
」
H

unrpu uk 

nFO--
,
a14e 

門
U
J
M
H
n
v

nH-11 

•. 

可
1

uaoa r
、
J
E
T
-
-
M
川

T
i』

Tsai , Eric 
Chinese Cultural College 
Taipei 

Wong , Shui C.M. 
Agronomist 
Food & Fert. Technology Center 
14 Wenchow st. 
Taipei 

「
\
J

Tiv

d 

AHU+L 

nu
J

nu-­

n+LFU osq

J 

i
t」
﹒
-
t
n
u

n
Hd

m川
H
u
n
H

Hunu--IHU VS
nst 

o
h
u

門
3

,
vinunH 

uq

J
a-­

H
W
n
u
n
v
k
n
γ
 

nua rg nu 

nu
J
Ftu 

nu -1e Tlm 

nu 
n
H

門
MJ

-1a 
」
H

V
K叭

PL 

n
H
n
刊

,
aa 

門
Y
M
H
n
u

n
H
-
1
l

﹒
可
l

「G

『d

「d

VTT|T| 

Yen , Y.C. 
Chia Mei Canned Foods Co. , Ltd. 
Taipei 

Y OW , Y i - L i n 9 
Director , Touliu Exp. Station 
30 Chung-Sheng Rd. , Long-Chuen 
Neipu , Pingtung 

Yu , Chung-Hsiung 
Director of Research 
Known-You Nursery & Seed Co. 
26 Chung Cheng 2nd Rd. 
Kaohsiung 



AVRDC 
P.O. Box 42 
5hanhua , Tainan 741 
Taiwan , ROC 

Castro , D.V. 
Training 

-MVJ 

MWQJ 

-nu 
no-­

nV 
-2-1

, 

ns 
ρ
」

V
J

EnHtnH 
F
u
n
γ
 

Chen , Jimmy 5.T. 
Training 

Chiu , 5.C.L. 
Chemistry 

Cowe11 , R. L. 
Proceedings Editor 
Office of Information 5ervices 

LY 
-VI 

T--nu 

+lM 

AUnu r'r­ao 
n
H
L
υ
 

oa 
o
」
l
L

1L 

JU 
，

ρ
」

n
u
ρ
L
 

Hnqd 

Hsu , 5cott H.A. 
Crop Management 

Hsu , Y. 阿.
P1ant Breeding 

+L nH 
﹒

ρ
U
 

Nm 
.
ρ

』

-uq

d 
Rd 

,
nH 

1
l

「d

1
l
M
們

ρ
」

L
υ
D
'
 

，h
υ
n
u
 

HUVI H
鬥

P
I
U

Johnson , G.I. 
Office of Information 5ervices 

Kuo , G. C. 
Physio1ogy 

Lai , 5.H. 
P1ant Breeding 

Lin , F.5. 
Patho1ogy 

Luh , C.L. 
Assoc. Director 
Administration 

Moomaw , J.C. 
Director 

Ril ey , J. J . 
Assoc. Director 
Research 

5un , J.L. 
50i1 5cience 

戶\
J
V

M
川

V
J

門
叫叫

,
nu 

r-­aO L
K
m
州

ρ
」

n
u

--+L an -
-
l「
「
』

-VJ I
I」
門

H
V

-nu p
b
可
|

nu 
-
J

﹒
『... 

• 

可
l
q
d

2UMVJ FHJ-LnH Tlnr 

Tschanz , Arno1d T. 
Patho1ogy 

「
\
d

psu nH nu qd mVJ ar cJ4L 

qv 
‘
J
.

、
目
，

um 
n
u
ρ
」

cd-hH Tlptu 

Tu , 5.H. 
Agricu1tura1 Economics 

Villarea1 , R.L. 
5ymposium Coordinator 
P1ant Breeding 

Yang , C.Y. 
Patho1ogy 

Yoshizawa , T. 
50i1 5cience 

289 



U.S.A. 

Augustine , Jimmy J. 
Asst. Professor 
Univ. of Florida , AREC 
5007 6th St. E. 
Bradenton , FA 33505 

Aung , Louis H. 
Assoc. Professor 
Viginia Polytech Inst. & State U. 
Smyth Hall 239 
Blacksburg , VA 24061 

Ca 1 dwell , John S. 
AVRDC Research Scholar 
Louisiana State Univ. 
Baton Rouge , LA 70803 

Cobb , Don 
Dept. of Geography 
Arizona State Univ. 
Tempe ,. AZ 85281 

VS 
ρ
」

4L nH 
ρ
」

pau cd 

+
」

ρ
」

qdnHH .
可•• 

m­
O
」

n
H
d

h
仆

n
u
H
A
U
T

P
L

「
3

,
nuJ 

-
1
l

「d

司
〈J
V

U
仆
﹒
l
A
U

戶
u
q
J

門
U
﹒
1
』
鬥
/
』

1 
.. 
F\dv'nHU 
U
O
X

亡
i

a
o
α

『
l
O

n
y

「
「

n
口
，

FIOL 
'
。
尸

T

，

e

+LSo--1l 
+
L
q
)

、d

ρ
」

ρ
」
﹒

ρ
」
L
K

rzlvv+LO eo--um 
M
V
V
'
n
u
n
u
m
川

「
←
」
p
e
H
U
n
k
T
i

Johannessen , Georqe A. 
Director 
Calif. Tomato Res. Ins t., Inc. 
1757 Barcelona St . 
Livermore , CA 94550 

Lee , Alex M. 
Western Res. 問anager
A.L. Castle , Inc. 
P.O. Box 279 
Hollister , CA 95023 

Mansour , N.S. 
Veg. Crops Extension Specialist 
Dept. of Hort. 
Oregon State Univ. 
Corvallis , OR 97331 

v'

. 
ρ
」
「
」

門
叫M
n
H

、d
T
i

nH 
月
u

，

M
鬥

n
u

ptu 

nH 
n
u
」
U

-1equ 

qdteo nHCQunu 
ρ
」

H
U

「
-
u

huAUorOQJ FUO+Lnu 

F
'
ρ
」
門
/
」
n
u
H

G
J
n
y
n
Y
A

斗

F
U

nH u1l+L

V<'

anasovd mlunanDO 

n
u
「
卜
」

F
L

'
.
『
'
，

.. 
『E
B

onuJrnu+L aea-a M們

n
K
F
i
n
γ
F

〉

290 

Reynard , George B. 
Research Scientist 
Campbell Inst. Ag. Research 
2611 Branch Pike 
Riverton , NJ 08077 

Rick , Charles M. Jr. 
Professor and Geneticist 
Univ. of Calif. 
Dept. of Vegetable Crops 
Davis , CA 95616 

戶K
J

nv nu Fe 

+EMF-u 
nkJ 

-1e c-­-
1
E
K
υ
 

+
L

﹒
「

d
k
u

ρ
】
主
1
4
L
1
i

.n

.1ero 

n
H
e

可
i

門
U
J「
h
J

﹒
戶
u
a
e
Q
J

MUPLUM 

ρ
」

n
M川

，

+
b
f
l

本
l
p
u

saoo nH-1

,' 
。
」
F
L

﹒
﹒
【

K
J

V
v
n
u
v
v
+
L

﹒
可l

ρ
」

C
J
﹒

-
s
n
y
v
v

tsnea 
【
\
叫
凡
鬥H
u
n
υ
n
u

vvd 
n
叫
d

nu 『E
E
-
-

nu h
刊

1
4

字
L

「
3

.
南

d
n
u

R
u
r
a
p
-

﹒
「
J

O
A
U
4
L

「
J

A
U
m
b

﹒
可
l
+
L

戶
\
叫

nsrnnA 
o
e
o
a
n
U

仁
』

mf118 
v
d
O
C
B
D
l

。
乙
，

2UFEAU n
k
n
γ
Z
l
f
l
H
w
a
 

n
u
門
U
F
\
J
ρ
」

,
.+L 

nc 

.. 

Fb5 

.1OV+Lnue 1IS--nvQJm 
n
u
c
J
n
H
ρ

」

n
H
U
n
u

v
v
n
u
H
H
U
n
u
-
-
A
H鬥

PAPUA NE\~ GU 1 NEA 

Blackburn , Kevin J. 
In-charge 
Plant Intro & Hort Res Station 
Laloki 
P.O. Box 2417 
Konedobu 



SB349 8620 
.工5.on Tropical 
工n七erna七iona1 sympOS工umü

Toma七 0.. ls七 Shaxlhua' ， Taiwan , 
R ﹒ 0.c.'oc七 .'23-27 ， 1978二

. 

.嗯，

SB349 
.工 5 _:-~~鴨，\l~."t.~ 8620 

.~' ... 、

工n七erna七i0na工 Synposium on Tropica斗

Tomá:切，工st ， Shanhua , Taiwan , 
R.O~C. Oc七~

. 23-27 , 1978. 

Proceedings. 

~ . 
4 

心‘、:，

. ..~i機it
.、 ε..

1 ‘ 
' F 

, 0 

111111111111111111111111111111111111111111111 




