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INTRODUCTION
 

The Ist International Symposim on Trcpical Tomato represents sever
al points of achievement and decision ill tropical amriculture. iho cul-
AinaLice of 5 yeari of in flnsive research and testinni hy AVRDC has brought 

tLoit r h had(oto m r I wndiLi Jnr fa rms where hi trjrwora tures a(Ad di sea e 
pr vnted towato qrowin before 1977. Three cooperatine countrie, have 
rl ra>,Jd tlliato varietie' to farilers after en lee.; i d;ucsesfullya rid 
t'e,.tirjn AYPC, na teriaj, ill fa tiOrnal anriCultural research pro rale<. Tlhese 
asuh ii<,vi] t.5. mary iin i reJOt'ts, viv1froll toell ith(t fVOr I d( ]ItLioni 

two) kwinr-pr'oileiris: tolet' al(: to hiqh niqht temiora ire; ard resistence
 
to tacteri,i1 wilt. Other pronlems remain.
 

In additio to reviewinq the irternational status of tomato research, 
A\V.,C u to from .')/riI0o51, u amte an evaluation thesr(ht otitairl t.he artic i of 
I.edi a rId ri or iti ,s for re,;ea c o the tropical toII to ', r ' 1aiIiqi )rob
1ems . A,,Hi be the q oup rcera' ll' f l t tha te !1r work1iiht e;,rc -e,,d, mmh 
rea i red that, VP C hoil d riot red ici the elilphri-,i it pl ac e< oil the c rop . 
Pr l; I el of vi rius diseases , . " .. , arid ste('m rots , nenliatod.s,a.. feilir t 

arid varid forWe t (ila 1i tv, ia riaqmrent techniqes sui table w(et nonisoon cl i
~tt , l'emlvtinl to ,e solved. Much work oni post-krveqte landlin ard mrket

ir for nuiil -ho 1ders is also requ ired , a l thou!h this i s somewhat ou t;s ide
 
P..tH f i ida te.
 

wr irni)al sponsors of the Svrlposiui, AVRDC and the United States 
A0,1.,/ ror International Development, were Joined by irlarly other Cortribu
Li'r'. ire ,loverrerllits of Japan arid the Republ ic of Chi ia , the Phi ii in 
t'ia( i ' ('rrpor'a ti on, the World Pank, and several IJS tlriversi Lies provided 

I I or a i. of the cost of their Irarticiatiom. Other crirtrilbitnr were
 
tOm ri-Paraifinc Food Y, Fertilizer Termoloq, Ceter, the Irtierratiinnal
 
luft,h ,rid Pho'>phate Iristi trite, the Caiilell rut itlute of Anriil tlurnl
 
pe' ea en , aid the Taiwan Pi/eatpple Cerporationi. We a irta sinrrra te cfulto
 
[JIi 1;r ttutors for their hoanit itd as';ista :r tresiflit
 
Friti r i e, Taiw'ani a aind tri'er',' Se-ed
riaqnle, KriOwn-Yorr arid rjolniaries, 
,llr nfln (i ii ri , 

,hr.. hirector'-fr;r i'tral of Posts of the pelubl i; of (,hiila honored the 
.c",lims)ill arid AVRIK( by is-iinc two starps diiaLi0rli the tropical torilato 

iorf tharn 140 ,<rtici aifits representin 57 oirqaiizat ioc'; frorii 201 

coultres qafthored to ex:chalice and ex parir. Cirerent iforrllliOri ')I) toirlato 
pr'itf'i5 orn il( the tropric';. freervers wer ,Te,,onsored fry: the It .errlatioolo1 
Arricul tcral 1)evelo ierit Servicr; Pural bevelonimerit Cnrrpratiori, Mal,7eia 
Mlthodi;t Rural Life levelopmient tProwrali; Pohanr State Anri rul al1)evel 
<)Umrnt CorpoiraLion, Malaysia; CATIE, Turfial ha, Costa Pica; tir Phil ippine 



Packing Corporation; the Asian Development Bank/AVRDC/Korean Outreach Pro
gram; the Sugar Industry Research Institute, Mauritius; Xavier University,
 
Philippines; B.M. Domingo, Philippines; and the Takii Seed Company, Japan.
 

''Ie are grateful to all the participants for. making this meeting 
an
 
event of significance to the farmers of tropical Asia.
 

Ruben L. Villareal
 
Symposium Coordinator and
 
AVRDC Tomato Breeder 

J. C. Moomaw
 
Director
 
AVRDC
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TOMATO PRODUCTION IN THE TROPICS- PROBLEMS AND PROGRESS
 

R.L. Villareal" 

L£ycopeiicoon esculentim 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
rate countries. Yield trends among the best and the worst tomato growers

show that tomato yield in the tropics is much lower than in the temperate
 
zones (Table 2). There was an increase of only 7.7% over a period of 9
 

Table 1. Tomato production by country.a
 

Country 1000 T
 

U. S. A. 8,620
 

U. S. S. R. 3,590
 

Italy 3,545
 

Spain 2,309
 

Turkey 2,250
 

Greece 1,826
 

Egypt 1,750
 

Romania 1,243
 

Japan 880
 

aRef. 6. 

aProgram 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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Table 2. Comparative tomato yields between tropical and temperate countries.
 

1966 1969 1972 1975 1966 - 1975 
Yield 

........... t/ha----------- % change-

T a-opica 13 12 14 14 +7.7 

Togo 1 1 1 1 0 

Sri Lanka 2 2 2 2 0 

Honduras 3 3 4 4 +33.3 

Reunion 20 18 18 18 -10.0 
Polynesia 29 26 24 26 -10.3 

Dominican Republic 25 23 33 32 +28.0 

e
Tempera te
 68 74 82 94 +38.2
 

Yugoslavia 11 10 11 11 0
 

Poland 
 14 12 16 12 -14.3
 

Germany DR 19 19 
 20 18 - 5.3 

Belgium 97 101 121 154 +58.8
 

Norway 120 129 140 167 +39.2
 

Denmark 145 170 181 202 +39.3
 

fAdapted from ref. 6. t>Data are from the highest and lowest national 
averages in tropical Asia, Africa, and Latin America. 'Data reported 
are from 3 highest and 3 lowest 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/ha, compared to 
10-202 t/ha in the temperate zone. The high yields in Belgium, Norway,
and Denmark came from crops grown mainly or totally under glass. A more 
realistic high yield from field production in the temperate region is 
39 t/ha registered by the United States in 1975.
 

PRODUCTION PROBLEMS
 

In the tropics, tomatoes, like most vegetable crops, are normally

produced in mountain regions or in the lowlands during the cool season 
(10,11). Production per hectare has remained far below that of countries 
in the temperate zones (Table 2). Seeds of imported varieties bred for 
use in temperate climates are often the only ones available to farmers. 
Yield from these varieties is often low and normally erratic, especially
when grown during the summer months. Because of this, tointo production
in the tropics is characterized by extreme seasonality and low yields.
The seasonal fluctuations in price and supply of fresh market tomatoes 
for Taiwan (Fig. 1) is typical of the pattern of variation observed in 
tropical markets (Table 3). Thus, the use of unadapted varieties is
 
one of the production constraintslimiting tropical tomato production. 

7 
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Fiq. 1. Seasonal fluctuations in the supply and price of fresh market 
tomatoes in the Taipei wholesale market; Taiwan, 1976. 

Table 3. 	Retail price range of tomatoes in some tropical Asian
 
countries.

Price/kg 	 Price/kg high/low 

Thailand 0.5 baht - 18 bahts .02 - .90 45 
Indonesia 40 rupiahs - 150 rupiahs .10 - .36 3 

Philippines 0.5 peso - 5 peso .07 - .70 10 

Taiwan 3 NTS - 20 NTS .08 - .53 7 

Singapore 0.60 SS - 4 SS .24 - 1.63 7 

Malaysia 0.50 MS - 3 MS .20 - 1.21 6 
t1Based on staff observations and personal communication with coon

erators. 

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 lowlancs, as shown by diseases that are inherent in each location. 

8 



Table 4. 	Reasons why temperate-bred tomato cultivars are unadapted

in the tropics; AVRDC, 1978.
 

Location 
 Problems
 

..............................

Africa 

.Sus cepti bi-li-ty to .bacteri al---w ilIt-;, ea rly &-late- bli ght-,- ......viruses, fusarium wilt, root knot nematodes, poor
 
fruit set 	due to heavy rainfall and high temperature,
 

poor quality fruits.
 
Same problems as in Africa plus susceptibility to septo-


Asia ria leaf spot, gray leaf spot, leaf molds, black molds,
 
southern blight, and acid soils.
 

Latin America Same problems as in Africa plus susceptibility to gray

leaf spot, and spider mites.
 

aBased on 	personal communication with cooperators in the tropics.

Comments regarding Asia 
are from AVRDC staff travel.
 

For example, bacterial wilt (P. z~dco,:,w . is a serious dis
ease of tomato throughout humid areas, including many of the warm tem
perate, semi-tropical and tropical countries (9). 
 Mostly a lowland
 
disease, it thrives at relatively high temperatures(14). Late blight

(Phiyoothoivz in.fetnz.,) oil the other 	hand, is a fairly common disease
in the cooler highlands. The pathogen multiplies rapidly and to epi
phytotic proportions during cool 
nights and moderately warm days with

abundant moisture. Using adapted varieties will minimize the risks in

growing tomatoes in highlands or lowlands at any season.
 

The lack of appropriate cultural practices during both the wet and
dry season is another barrier to successful tropical tomato production.

Some of the most critical barriers, especially during the wet season,
 
are rapid 	multiplication of insect pests, diseases and weeds, high
temperature, and heavy rainfall. 
 The risk of growing tomato in the tro
pics will be further reduced by using the appropriate improved cultural
 
practices.
 

The apathy towards vegetable research in general contributes to the 
two attendant problems of tomato production in the tropics. In deve
loping countries vegetable production ranks low in food production prio
rities. Consequently, progress in improving 	 vegetable productivity is
slower than with cereals 
(Table 5). Average yearly increases in cereal
yields range between 1.7 - 3.2%, whereas that of vegetables is between
0.4 - 1.3%. Because cereals have priority, vegetable research and production gets inadequate financial support. It suffers also from lack oftrained research staff, who will conduct experiments, and extension per
sonnel, who will extend information to vegetable farmers and backyard
gardeners. And make mattersto 	 worse,no technician has yet been trained 
to deal specially with only tomatoes. 
 Trained personnel in a developing

country must work on cereals first and other crops second. And, if
assigned to work on vegetables, they must deal with several kinds of

vegetables, probably more than they 
can reasonably handle.
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------ --------------

rable 5. 	 Comparative i:ncremm;e in yield between sotletqed cerals 
and vegetable crops in developing counlitrie. 

rreas e 

Crop 1965 1975 over yea r1y
 

l1)yrs increase
 
-- -

- -----t/ha---- ------- ----------


C Avg. 

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 7.00 7.41 4.5 0.4
 

Tomatoes 11.63 13.17 13.2 1.3
 

Adapted from ref. 7. 

PROGRESS IN SOLVING TOMATO PRODUCTION PROBLEMS
 

The creation of the As ian Vegetahle Research and Develolment Center
 
(AVRDQC) has tho, wI o many t:rcopical production
operi'd to ,olvinq tomato 

prohlorris int'Iou pridi ern-oniroted ',etrch, and tJhe ra ini ngqof

r',e~earcher; arid evaterniOnis t, for vrious lltional prorjraml . Additionally,
 

r
m!ore and mOre food pruooriiirt loans froi variou , irternatiotial funding
o;isot Iioerrfor ,'eaeroh arid isa opower devel opment ir(]Jode funds riot 
rI]-,, for lilt fCr weptahlos Some ealles are theimeroc,-. an well. 

ro't)]l ',ii ri ,--,i l Doiiinican
] (P a, Sep rg() ,Jia, ,efpullic, and Ecuador 

Tilc-ea 'ir ,,f *\VRF)L es tahr)i i -ed tOn, fir', tr i itorna tiurial agricul -
>.1i1ic-'-(a- ch and i. or rou,; i5iLie illlrovingI oriiianizat1f1it - for the 

pritdl;tiu ari< di i:l i ,' Jf ";'lec;u(io ctrOj)-; tj rd illthefted (ineqi, ' 
hilllid trop)ics. 0.- t n: i!rtoar , wfhitso potat.O,[h rop rn, sweet 
poltalto. 0illneecdi di-rid ti.nalto (1 , , i, ). 

AVR)i liw5i ti~or', tridor ')w same Jo1(uiding p rillcipll wi'the other 
1niterinatiolh1I c--tes - an intir-di-cipl inary apptri, h towards the 
rosoltutioni oftk.- c t ottr ilits - si llc I oh1eliis [a, -	 crop ot. ioJiili( d.(r

aIe 	 simple eiv;inrjl Wl!-dI inidlI(V -,l' <e!d a4 i' < ee ra discitjlines. 
All ;,taniij1 0 if hi(.v; / ,t'J( tjttr51 ,' iii i Iex0 'th il I t lri] (oi'OptS Pro rall it, 
hlIlitrit'dt in fi~lurI, 1. 

Note,howver', tlii AVWi), hredirr linen T;) diceo 51 to riali on tl 
prOrpi all'' , Hir'- 'ilfi/ Or lV( iiii 1(1Iri (i dl',, pri or to 'ret;reiiiin ,d irir fol' 

1()
 



commercial planting. AVRDC will neither release nor name varieties.
rherefore, it is up to the national breeding programs to 
use AVRDC's
 
materials. 

World ] Other 
germplasml national 
collection country 

(PB) programs 

Screening Hybridization Initial Field 
evaluation evaluation 

(PA +PB) (PB) (PA +PB) '(PA +PB) 

Special 
genetic 
studies 

Improved 
genetics 

- (PB) 

materials 

(PA +PB) Special PA =Problem area scientist 

PA studies PB =Plant breeder 
(PA) 

Fig. 2. Flow of gernplasm 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 'ur most vigorous and active cooperators
in the evaluation of the breeding materials and technology which the 
Center develops. 

),. ,III 



No. of trainees
 
60
 

50

30"
 

20-


I01"
 

1974 1975 1976 1977 1978 

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

RESEARCH PROGRAM
 

AVP? has adopted the following strategies to help solve to nato
 
proL problems in the tropics:
 

1.Gertplasm collection and evaluation. The cornerstone of most success
ful breeding programs is the availability of massive and diverse genetic materials where desirable traits can bedra !nout when needed. 
As
 
of October 1978, AVROC has collected and received donations of 4752
 
accessions from 79 countries. About 90% of our collection belongs to
 
- ;rr.ritien, the remaining 10% belongs to its wild relatives (Table
6).
 

The tomato germplazm has been subjected to repeated screening during

the last 5 years, pri:,cipally 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. Ibridization and application of breeding techniques. Desirable
 
genotypes(iie., heat-tolerant and bacterial wilt resis-ant) identified

in the screening program are used by the breeders in making crosses to 

12 



Table 6. D tribution of Lycopersicon accessions by species;

1- 8, AVRDC.
 

Species 	 Number of accessions %Total1977. 1978 1978
 

L. excuentwn 	 4177 4225 88.9
 

L. peruvianu 85 85 1.8 
ch~esranii 4 	 4 0.1 

L. hirautu 
 25 	 25 0.5
 
suspected crosses
 

* 	 L. escuZentwn/L. pinplZi- 166 166 3.5
 
jlbz7iurl
 

L. escu, ;.tum!L. hirsutun 2 2 Trace 

4703 4752 

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 throughout the tropical areas of South America, Africa, 
Asia, and Pacific Islands (Fig. 4). 

No.of crosses a seed packets 
3500
 

3000 - Crosses 

L Seed packets 
2500

2000

1500

5000

0--

1973 1974 19761975 1977 
Export Quantity (1000 std. cases) 

F,g. 4. Number of crosses made and seed packets sent 
to cooperators; AVROC, 1977. 

13 



Our breeding lines have demonstrated superiority over the local
 
cultivars in many tropical Asian countries. Performance of selected
 
AVRDC breeding materials are presented below:
 

India - In Maharashtra, India, 4 AVRDC lines outperformed Co-i, a
 
popularvariety in southern India. Only two AVRDC lines, however,
 
gave higher yields than "Pusa Ruby". In wilt infested areas, all AVRDC
 
lines included in the trials should outperform both checks, since 
nei theri-check-. possesses-,-bacteri-al -wit res.,istance-The,best--performers. 
are presented in Table 7. CL 33d-0-2-2 and Cl 122-0-3-4 are being 
considered for large scale production and release to farmers by Nimbkar 
Agricultural Research Institute (NARI). 

Table 7. 	Performance of AVRDC lines in a preliminary trial,
 
Maharashtra, India, 1977.
 

AVRDC no. Marketable First Fruit 

or cultivar name yield flowering weight 

-t/ha- -days--

CL 33d-0-22 43 37 45 

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

CL lld-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-i (check) 30 39 52 

LSD5% 	 5 4 6 

2Data supplied by Mr. H. Bedekar, NARI; planted Apr, 1977; 
harvested 11 times beginning Jun 28 and ending Aug 16. 

Majysia - The Malaysian Agricultural Research and Development
 
Institute--(fARDI) featured several AVRDC-derived lines in a field 
day in which these lines demonstrated wilt resistance. The check culti
va-s, "Roma" and "Banting", were completely wiped out by wilt (Table 8).
The identification of resistant genotypes was considered a breakthrough 
by MARDI because in the past tomatoes had to be grafted to wilt resis
tant eggplant root stock.
 

PaLnua New Guinea - At the Plant Introduction and Horticultire Re
search-t- (PIHRS), two observational, trials of AVRDC breeding lines 
were conducted. In the first trial of 10 lines, the Irvel of wilt infes
tation was not high and so only a few indicator plants wilted. The 
twice a week application of fungicide waseffective in controlling leaf 
diseases, thus prolonging the production period. Eleven harvestswere 

14 



Table 9. The best yielding breeding lines in an advanced trial;
 
Malaysia, 19 77 .a
 

SSD No. 


CL 502-F5 -20 


CL 507 Fs-14 
CL 502 F5-34 

CL 502 Fs-39 

CL 507 F5 -34 

CL 507 Fs- 6 

CL 507 Fs-44 

LSD 5, 


Marketable
yield Fruit

size Days toflowering Transformedb
survival rate 

-t/ha- -g- -no- -

25 34 25 46 

22 51 28 58' 
19 50 28 60 

16 36 28 44 

16 43 28 46 

16 30 25 45 

15 35 23 41 

9 12 5 ns 

ZData supplied by Ms. 
Melor Rejab and Dr. T.S. Tee, MARDI; planted
 
1ay 5 and harvested Jul 13; data are means of 3 replications.

Under natural epiphytotic of P. solan cear,um; Banting, the check 

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

IV
 

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 riot 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. 

15 



Table 9. Performance of AVRDC breeding lines in an observational trial; Papua New Guinea; 1976. 

tAVRDC Peige ide 1 PalIata - Ma r ke tno. eelection Total' TotaI I'farketable hi I i ty assessment 
~~eiection no.- - - ------ ------ jed- -- -- - aaaare e ak 

-kg/plant-----t/hfm------
2d-0-7-1 VC 11-1-2-1/Venus 6.9 :-,5 70 3.5 3 red-large round 
Thilippines NG 7111 (check) 6.9 ""5 63 3.5 3 ied, egg
 
-2-10-1 '.'C 1-1-2-1/Florida MH 1 5.8 
 72 54 4 4 ed-large egg 

32d-0-1-1 .' .- 1-2-3/Venus 5.7 70 53 2 2 med- large 
C 11-0-0-Ii-1-2-1/Saturn 5.7 70 52 1 1.5 meed-large 

VC--45-2i-1/Tamu Chico Il1 4.4I 54 34 2 3.5 small, egC 

Data supplied by -x. 'kevin J. Blackburn, agronomist in-charge, Plant Introduction and Horticultural Research 
Station (PIHRS), Lairki, PNG. *Means of 49-103 plants. A scale of 1-5 in the decreasing order of palata
bility rind market assessment. 



The second trial involved one set of SSD materials, CL 555 with
 
pedigree VC 8-1-2-3/Venus//Kewalo. No symptoms of bacterial wilt
 
occurred, even in the indicator plants. A severe infestation of TMV
 
resulted in many stunted plants. A heavy incidence of leaf diseases led
 
to premature defoliation and a large reduction in yield. The leaf dis
eases prevalent were Coyonospor-a sp and Fz4lvici .fuva, with Aiternariia 
solarzi and Ceraosporasp. CL 555 F5-19 was selected on the basis.of 
disease tolerance, palatability, and size, and used for commercial trials. 
Selection 555 F5-19 had yielded 39 and 48 t/ha in the first and second 
pilot trial s, respectivey~ 

Philippines - Several locations in the Philippines submitted
 
equally encouraging reports (Table 10). The three reporting stations
 
represented evaluation of our breeding lines in the northern (Ilocos Sur),
 
central (Laguna), and southern (Davao) Philippines. These yields are very
 
impressive, considering that the national average yield for tomato is
 
7.4 t/ha.
 

Ni.eria - The Institute for Agricultural Research, Zaria;, Nigeria, 
supplied us information on the performance of AVRDC breeding lines grown 
under rainfed conditions. Materials were grown on Jul 20, 1977, and 
harvested 3 times, beginning Sep 26 and ending Oct 12, 1977. Selections 
11d-0-1-2, 246-0-3B-9, and 143-0-4B-1 gave excellent fruit set, and
 
yielded about 24-34 t/ha. Serious diseases reported were early blight,
 
gray leaf spot, and leaf molds. Selections 1119-1-2, 123-2-4, and
 
8d-0-7-1 were scored free from gray leaf spot infection, while CL 114
5-5 was scored resistant to leaf molds.
 

Tahiti - Three AVRDC breeding lines: CL 246-0-3B-9, CL 32d-0-1-1,
 
and CL 127-4-1 had 100% survival to bacterial wilt infestation compared
 
to no survival in the check. All yielded about 33 t/ha.
 

Taiwan - The Taiwan Pineapple Co. evaluated 2 of our selections from 
TK 70._ Tin1977, they extended planting of TK 70-5 to about 400 ha. 
Selections 9-0-0-1 and 11-0-1-2 showed promise for yield when grown in 
Hualien, Taitung, and Lotung during the rainy season. These selections 
had fruit size comparable to White Skin, the local check. However, the
 
fruit of most selections are more acidic (sour) than White Skin, which
 
will deter consumer acceptance of these lines under local conditions.
 
They are, however, comparable in eating quality with the local cultivars
 
in other Asian countries where tomatoes are used as vegetables and not as
 
fruit.
 

The results of our comparative trials in the tropics in 1977 using 
AVRDC lines gave us an average yield of 34.3 t/ha. If we use this figure 
as our yield goal, then present tropical tomato yields can be increased 
from about 1 to 5000% (Table 11). To attain this goal, a package of 
technology for tomatoes should first be made available. 

We are pleased to have partially developed a tropical tomato that 
we envisioned at the inception of our program" 7--resistant to bacterial 
wilt, root-knot nematodes, leaf molds, gray leaf spot, septoria leaf 
spot, early blight and virus diseases; heat and moisture tolerant, and 
which bears fruits that are medium, uniformally red, firm and resistant 
to cracking and blotchy ripening.. It should also be early maturing." 
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Table 11. 	 National average yield of tomatoes in
 
selected tropical countries and possible
 
improvement.
 

YieIda Possible b 
improvement
 

-kg/ha-


Togo 674 4996 

Angola 1,250 2648 

Kenya 15,238 125 

Reunion 15,625 120 

Asia 

Guam 1,333 2477 

Thailand 2,849 1106 

Tonga 21,739 58 

French Polynesia 29,000 18 

Latin America 

Panama 4,692 632 

Nicaragua 4,800 616 

Brazil 25,742 33 

Dominican Republic 33,963 1 

ZRef. 7; 2 	highest and 2 lowiest national yield
 

average in each category. )Computation was based
 
on (34, 347 kg/ha), the average yield obtained
 
from various experiments in the tropics using 
AVRDC breeding lines (5).
 

FUTURE OUTLOOK
 

Although AVRDC has started research and training programs to help
solve tropical tomato production problems, we must admit that we can 
still do much as a group to resolve the problems associated with this 
crop. Initially, however, I feel that we can focus our attention on a 
single cooperative project. 

I am certain that most of you have heard of the international rice 
and wheat testing programs of IRRI and CIMiIYT , respectively, and the 
benefits that have accrued from such programs. In tomato research, co
nperation of that kind is best illustrated by the Southern Tomato Ex
change Program trials (STEP; 12',. The program was organized in the US 
in 1945 by a group of collaborating state and federal scientists interested 
in tomato improvement (13). The purpose of the STEP trials is to help 
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tomato breeders identify lines with the 	widest range of adaption, thusencouraging 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. 1he prog aca 
 nohave thefoll owing objec-...
t i es: 

1. To foster cooperation among tomato scientists and programs.
 

2. To facilitate exchange of germplasm and resea'ch information
 
on conmuon problems pertaining to the production and 
 utilization of tomato. 

3. To assemble the most promising cultivars and breeding lines 
in

the 	tropics and systematically 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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Dr. Ruben L. Villareal, AVRDC's tomato plant breeder, inspects tropical
tomato yield in a Taiwan farmer's field. 
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IMPROVING SMALL-SCALE TOMATO PRODUCTION IN THE TROPICS
 

Peter. H. Calkinsa
 

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).

Agricul tural 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:
 

1. Income. Because of its high yield potential and price (it is
 
popular with consumers) ,greater tomiato production 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. Employment. Tomato iniTaiwan requires 2180 (processing) to 8020
 
(fresh market)-labor hours per hectare, compared to only 761 for rice
 
(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 
are 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 industry in southern 
Taiwan has located factories near the source of production, helping to 
smooth the shift of 15'.' of thework force from fields to factories over 
the past decade. 

3. Nutrition. Although its potential lies primarily in improving
 

Associate 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 key 2nutrients. Of 16 nutritious crops considered for inclusion in 42 
i" kitchen

gardens in Hawaii, tomatoes grown for only 90 days ranked 8th in protein
 
and 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,employinent, and nutrition of urban and rural 
populations in
the tropics, but there are cross-effects among these components. Higher

-nutriti on-can-I ead -'to-'niore effi ci ente-mpl oyiiieit;, moreefficient -iildiie.... 
to higher income, and higher income to better nutrition. 

Many biological and economic problems' t prevent 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 large-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 I demonstrates the extreme variability of tomato yield per
formance in each year between 1964--75 under 
current production conditions 
and how this affects planted area. We conclude:
 

1. Yield from 1964 to 1975 exhibits a wide railge between countries. 
Thai Iand-i-d-the lowestyields in both years and the USA the highest.
There was a large yield gap between developing and the developed coun
tries.
 

aSee R. L. Villareal, Tomato Production in the Tropics: Problems and
 
Progress, p.g6.
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able I. Trends and ,.a;-a i i n ,,, aararad vields , nmato in selected nations, 1964-1975, 
.V D . 7 , 

Location 9(_, "hane C.V 1964 1975 Ch ange " .. .. " " ; r - ) ---" 11 " -- ---- ', '" .........
.. .
-- ~~ ~ ~ ~ ~ --- ,'a .. - •'t . .... 

world 1 2216 Q5 17.16 21.12 1.7 6.13 
D.'eloped, nations 49X 501 
 15.7 5.24 26.36 35.47 2. q47 
2eveloping nations 657 903 27 A I i4 11.11 13.16 15.6 5.55 
Africa 1T0 
 2S9 7.7 15.41 12.81 12.40 -3.3 3.79 
louth .;!:erica 92 114 19.3 9.39 15.71 16.37 .1 5.94 
Panam.a 4 5 20.0 17.64 4.67 4.73 1.3 4.04 
Asia 313 412 24.0 9.82 11.68 15.13 22.8 8 72 
india 55 72 23.6 S.11 9.27 9.47 2.1 1.16 
indonesia 43 59 27.1 10.59 5.88 6.35 7.5 2.55 
Mal !. Malaysia 3 6 50.0 20.45 5.00 4.96 -0.7 0.87 
Philippines 15 17" 11 .F 6.63 3.46 7.30 52.6 26.75 
Thailu.d 5 5 0.0 6.12 2.90 2.98 2.4 2.75 

173 204 15.2 9.42 29.33 42.21 30.5 12.92 
.dapted fro, FAO, Production Yearbook. entirate.
 

Standard :Deviation

Ceeficient of Variation = n a-nr x 100 computed on 12 years of data. 



2. In almost every location yield has increased and, as 
a result7.
planted area. 
 This reflects the im-nprovements inT~iomato production technology and-the decision-making environment. 
 In the developed countries
technological change has been faster, but planted 
area has grown less.
 

3. The variability of yield between years exhibits a wide range.The developing countri-es-had-Tire-ta-b!, -T-lower,yields than thedeveloped,-countries -. Thus,-y--yield .vari-abi-lity may not be as great adeterrent to planting large areas to tomato on small tropical farms asother components of risk 
(e.g. low or unstable price). These other components made variability in planted area in developing countries more

than twice as great as 
that in developed countries.
 

FACTORS AFFECTING PROFIT
 

Results from many countries show that tomato is one of the most
profitable crops, planted alone or in rotation. The major proportion
of area grown to tomato in the tropics is planted during the cool-dry
season when temperature and moisture are most favorable for high yields.Summer or monsoon tomatoes are rare. 

AGRONOMIC FACTORS
 

In Taiwan, torato production can 
be divided into five(including summer)
seosons. In each, tomato is very profitable compared with alternatives. Inwinter, fresh market tomato is most promising for irrigated farms and processing tomato for unirrigated farms(5). 
 Despite agronomic problems, summer tomato has a sufficiently high price and yield to make it more profitable than winter processing tomato, winter fresh-market tomato or rice(9). 

In Chiang Mai, Thailand, the cropping system peanut - tomato rice (1) involved planted tomato from April to July, so that a heat tolerant cultivar such as 
AVRDC VCI1-3-1-8 was suitable. 
 This system had the
highest economic potential, largely due to tomato's high price during thehot season. A close second in net and farm income was tomato - mungbean rice, which included tomato grown in the cool season. 
 Labor and capital
requirements were also low, making this system feasible for a wide range

of farm sizes and resource availability.
 

In Tarlac, the Philippines, 
rice (Jul - Nov), 90-day tomato (Nov -
Feb), and early summer corn (May - Nov) yielded the highest net income
($827/ha) of all cropping patterns tried, and provided 149' more netincome than from rice alone (3). Lin and Chow (13) report, however, thatthis cropping pattern sometimes leads to low returns if tomato price islow (sometimes only $O.004/kg). This reflects the low consumer preference for tomato in the Philippines. In selected pilot barrios, thenet income and employment generated from tomato were second only to egg
plant (7).
 

In the Cagueza Project, Colombia, tomatoes returned USS746/ha,second
to onion (16). In the Cameroon Highlands, Malaysia, toma to had the
third highest gross margin per hectare of 19 vegetables ($2422), rankingbehind only watercress and Chinese cabbage (6). 
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PRODUCTION BUDGETS
 

Farm level production technology data are available for Panama, 
Taiwan, and the Philippines (Table 5). Yield was highest in Taiwan but, 
because of low price, revenue was second to Panama. Yields and profit 
were lowest in thePhilippines. 

Farmers in Panama spent most in both absolute and percentage terms 
on pesticides and other iiaterials. They also invested the most laborffin
absolute and percentage terms in planting and irrigation. 

Table 2. '.Comparative production budgets for tomato in 3 tropical coun

-tries; AVRDC, 1978.rl 

Panama Ta iwan'PhiIii nes 
-S/ha - %T USS/ha %c%USS/ha % 

Seeds 10 1.0 34 3.9 10 2.7 
Fertilizer (chemical) 144 13.8 51 5.8 75 19.7 
Organic ferLilizer 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
 

Land pre,,iration & bed formation 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 
Irriqation 69 6.6 42 4.8 7 1.8 
Ilarvesting 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 

Irrigation water fee - - - 7 1.8 
Interest on capital - - 21 2.4 26 6.9 
Interest on land - - 44 5.0 27 7.2 
Land tax 50 4.8 25 2.9 - 

lDepreciation - - - - - -
TOTAL FIXED COSTS 50 4.8 90 10.3 60 16.0
 

TOTAL EXPENSE (USS) 1010 100.0 876 100.0 376 100.0 

YIEL.D (t/ha) 22.7 47.2 10.0 

Price (USS/kg) 0.11 0.03 0.07
 

Revenue (USS) 2500 1271 678 

NFT INCOE (USS$) 1460 395 302 

"Angelina C. Macaso and Adoracion Virtucio, the Philippines, Banco de 
Desarrollo Agropecuario, Panama; AVRDC suy-vey results, winter processing 
tomato, Tainan County, Taiwan, 1976-77. "Avg. of 4 farmers; 3 inter
croppod processing tomatoes w/ suga rcane. 
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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 ,as 
the same in the two countries.
 

Hi.gh percentages c : investment sT-hy Fi 4p ino.farmers.-went to-fertiI zercapital, 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 
 Dr. Peter Calkins and Dr. John Hubbe the amount of time arid care Tai- bell (see pg 154) of AVRDC's NEMI
wan farmers put into harvesting, team examine sunner tomato in Taiwan. 

FACTOR PRICES AND APPROPRIATE TECHNOLOGY 

If farmers in Panama, Taiwan, and the Philippines are producing tomatousing appropriate technology, then they should be using relatively moreof the production input (labor or capital) which is relatively cheap ineach country. The Philippines has the cheapest labor in both relativeand 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, thai.: 

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

2. Panama and Taiwan womld 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 rel at'.vi more expenisive) , butthey have not gone far enough.
 

3. Farmers in Panama have achieved the most nearly appropriate tech
nology. The capital-labor use ratio reflects well the ratio of labor to 
capital rental 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 
hicihest risk of any vegetable crop in the Cameroon Highlands. When 
linear 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 USS2354 on the farm (6). 

In the Caqueza area of Colombia, 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 family) and intermediate in capital 
intensity (US$236/ha). Given credit charges of 43%, such high input re
quirements made tomato a risky crop. When risk was calculated using the 
expected value of loss per hectare, corn-bean and beet only had values of 
USS24 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 onstituted 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 throujh 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 producrs is the introduction of farmer-factory contracts in south
ern Taiwan. here, Japanese-owned processing factories supplied varieties, 
pesticides, .tilizer, sprayers, wooden crates, transportation, and 

28 



VARIANCE (US$) 
STANDARD 
DEVIATION 

TOMATO 

(830)2 -830 C.V.% 100 

90 80 

(726 
(2)760 

0726 / 
5050 

CHINESE 
CAB8AGE/ 

40(622)2- 622 

CHINESE
zLEEK
 

(519)2. 519 ~ EK30 

(415)2 415 

ENGLISH 
20
CABBAGE 


STTUCE 

ACELERY
 
(207)2 207 

10 
(1002"1104 

0 
415 830 1245 1660 

AVERAGE GROSS INCOME (US $) 

FIG.I RELATIONSHIP BETWEEN STANDARD DEVIATION, VARIANCE 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 gererally lower than farmerscould achieve on local markets, income was guaranteed and the provision
of inputs afforded further security. Under this system the area plantedto processing tomatoes in Taiwan increased from 18 ha in 1967 nearlyto 
3,000 ha in 1975 (9).
 

SEASONAL PRICE VARIABILITY AND THE POTENTIAL FOR TRADE
 

Seasonal price fluctuations contribute to the variability in returnsand, hence, to risk. But, such fluctuations may be a blessing in dis
guise if specialization and trade can be developed between regions andcountries. Different optimal growing periods for tomatoes open thepossibility for trade among nations with complementary prGduction seasons. 
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Fig. 2. SEASONAL PRICE VARIATIONS FOR TOMATOES IN 
KOREA AND TAIWAN, AVRDC, 1978 

Figurne 2 shows that Taiwan and Korea, for example, could take advantage 
of this situation. The price of tomiatoes ishighest inKorea inDec-May,
 

* just when it is lowest ill Taiwan. A trade policy would help to: 

1. assure consumers of nmore even prices throughout the year and, 
* hence, stimulate the use of tomato as a regular vegetable inthe diet; 

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

3. reduce the risk and expense of farmers trying to produce insea
sons with unfavorable envi ronmental conditions. 

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

InNepal, as inTaiwan, the price is higher in the suiner ($0.05/kg)
than inthe winter ($0.02; 14)., In Thailand, the period of high price
isOct-Dec, and of low price Mar-May. In the Philippines, by contrast,

* prices are high from Jul-Dec, and low from Jan-Jun. 

OPTIMAL CROPPING PATTERNS
 

Once production risks and lack of internal and external markets are 
overcome, tomatoes will be profitable arid high-yielding enough for inclu
sion in improved cropping patterns arid extension to farmers. A linear 
programmiring study in India (10) involved the specification of opti-mal 

30
 



cropping patterns for a 4 ha typical farm near Ludhiana, Punjab. Even

though this vegetable farm already helped to suoply 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 ,*dy in the Cameroon Highlands,

Maasa(),teotmal _are&a plIant~edLto-t omatoes ..wa s-determ'ined--to-be~.~---

the highest of any crop, and to increase as the land constraint was re
laxed. However, it increased at a lower rate becauseas 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

ha/farm are grown, while optimal solutions call for 0.47 ha.
 

CONCLUSIONS
 

Tomatoes are a popular choice for consumers and have great potential

for improving the income, employment, 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 maximum areas to tomato: 

1. Markets and distribution systems are inadequate. Combined with

unpredictable prices, they for great variability in farm returns.
 

2. Poor seed quality, and unfavorable environmental conditions lead
 
to reaty d il-Ty. Sma-l-holders are unwilling to plant large

areas to tomato unless research and policy measures 
reduce elements of
 
risk.
 

3. Tomato is sometimes grown under production technology which does 
nit reflect the aelative costs of i-nps. 

4. Seasonal price variations make peal-season production less profit
rerisky. - - a 

tion and trade lead to larger demand and better returns during the peak 
abl e and-o-iff-season pm-o -ctni on Unless prog rms of, -- za-

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. Johannesseno
 

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 billion by the year 2000. Much of this in
crease will be in countries that currently have insufficient food supplies

and little extra land on which to produce food. This critical situation
 

* calls for all the ingenuity, knowledge, and management skills we in agri
culture can muster to increase food production within those countries as
 
well as in the areas of the world best suited for food production.
 

Whether it be in the tropics, sub-tropics, or the temperate zone,

in wet or dry climate, in underdeveloped or developed countries, large
or smal 1-scale opera tions, mechanically harvested or hand harvested, fresh
 
market or processing, our goals and objectives are basically the 
same:
 
improvement in tomato production, processing, an, marketing. This will
 
come about through increased yields and quality, by lowering costs, and
 
by expanding markets. It is necessary to understand that, despite common
 
goals, requirements differ greatly from one area of the world to another. 
Each situation must be assessed and different methods applied. This is
 
true of varieties, cultural practices, harvesting, handling, and transpor
tation.
 

Most of the developing countries are 
in the tropics or subtropics.

Many are poor. Tomatoes are grown in areas of high humidity and rainfall,
 
as well as in areas of low rainfall. And they are grown where a dry sea
son requires irrigation for maximum production. Small acreages are the
 
rule for most of these areas, but we are seeing increases in the size of
 
units inmany parts of the world outside of California. As our knowledge

increases and communications among all countries improve we will fursee 

ther expansion of tomato production for both the fresh market and for
 
processing.
 

Processing tomatoes are grown in many parts of the world (Table 1.)

Note particularly how much Italy produces second only the United
- to 
States. Within the United States, close to 857 of the production is in 
California. Much of this is in large plantings that range generally from 
70-500 ha, with some up to 2400 ha. All are mechanically harvested.
 

'Director, California Tomato Research Institute, Inc. 1757
 
Barcelona Street, Livermore, California, 94550, U.S.A.
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Recent visitors to our Institute from southern Italy were interested in 
our cooperatives because most of their growers are small, with only .5-2 
ha of tomatoes - all hand harvested. Also of interest and special 
concern to them is thatmanyof their young people leave the farms and 
do not return. So, in addition to problems of production, there are 
social problems as well. This is not confined just to Italy, but to 
macv other countries with small farms and where returns are too often 
l ow. However, there are -also many s'i all r6dtce~r-s- in countr es ar6un-d 
the world that successfully grow and market processing tomatoes. Among 
them are Italy, France, Greece, Israel, Portugal, Spain, Taiwan, and 
others. Some 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 tle 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 - I have seen the same mistakes repeated, and they have greatly
 
hampered the production of processing tomatoes, and their industry. A
 
cowimon problem since the development of the mechanical harvester (so

successful in California,) is the rush to mechanize. Modernizing 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 States 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 States, where the climate, current technology, size 
of production units, or other conditions present severe obstacles to 
success fil 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 in, better cultural practices are being implemented, larger 
economically sized units are developed, and the necessary training in 
mechanization and maintenace is accompl i shed, there are opportuni ties 
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 tie producer and the 
processor can capitalize on the economies that are provided by this 
longer season. Unit cis ts decrease as the season is lengthened. We hiave 
mechanical harvesters operating in the eastern and midwestern United 
States, Canada, Europe, Africa, the Middle Fast, the Balkans, Russia, and 
other countries. However, in the developin countries, and particularly 
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 Califurnia we experienced disastrous rains during the 1978 harvesJ. 
One grower had to disc close to 180 ha of tomatoes because of water mold 
(a species of . .w;:) that followed a heavy rain just prior to harvest. 
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That was about 18,000 t, and inexcess of $1,000,000 worth of ripe fruit 
lost. Such a staggering loss is of the same magnitude as when a smaller 
tomato grower loses 2 of his 4 ha to mold. InCalifornia, most ripe
tomatoes incontact with a wet soil for as little as 5 hrs will develop

water mold within 2-3 days, and will be rejected at the grading station.
 
Ifthere ismore than 8%mold ina load of tomatoes, itisrejected by

the stati on. Canners contracts generally specify,_ iteaaium of 5m.,inod.
Despiite--his, we are encouraged by the progress our breeders have made
in several extremely important fruit characteristics. One isthat both
VF 134, and the more recent University of California release,UC 82, have 
excellent vine storaqe. They are firm-fruited varieties that withstand
mechanical harvesting, and transport with minimum damage. In the factory,
they produce an excellently colored paste and sauce with the much-desired
 
characteristic of high consistency. Although VF 134 and UC 82 are sub
ject to water mold like all the other varieties we grow, there isanother
important difference. I have observed that, following a rain, these 2
 
varieties have an additional 2-4 day delay inthe appearance of water

mold infection. Further, if the rain is followed immediately by good

drying weather, they may escape water mold altogether. This very impor
tant point enables gro ers to save much of the crop that would otherwise
be lost. Inaddition ti the other favorable attributes of these two
"square rounds", processors realize a much higher recovery of sauce in
thc factory. This is not to imply that we are entirely happy with these 
two varieties. VF 134 isoften very difficult to shake off the vine.

Soluble solids are lower than the conventional rounds" that we grow

and this adversely affects the yield of concentrated tomato products.

They are also lower inacid and flavor. The economic advantages of
 
these two newer varieties are very great. For example, in 1976, before
 
we had UC 82 and when plantings of VF 134 were limited, I estimate that
 
California growers lost a minimum of 1,300,000 t of ripe tomatoes

following rains. The major loss was due to water mold which 
 penetratesthe unbroken tomato skin of ripe tomatoes. Black mold which built up
rapidly also accounted for a substantial part of this loss. In all areas,
including the tropics, firm-fruited varieties such as VF 134 and UC 82 
may well play an important role 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 wehave achieved the desired production, terrible things can happen if we
aren't careful. By excessive delays in getting the fruit from the field 
to the factory, a high-yielding, high-recovery crop can deteriorate and

yield very little of the potential it had at the moment of harvest. The
time from harvest to processing is important in terms of quality delivered 
to the factory, and on the "Iecovery and quality of the finished product.
In Western Europe, I was surprised to see harvested fruit being brought
out of tile field in slatted crates. These crates were unloaded at theend of the rows. They were then loaded on a truck and transported to a"gathering place" where they were unloaded again and judged for quality.
They sat until another truck, dispatched by the cannery and at the can
nery's will, came along to pick them up. Once again they were unloaded
and sat in the cannery yard until the factory was ready to receive them.
In addition to the deterioration of quality and recovery of product, the
mold increased to a level that limited the market of the finished pro
duct to areas riot as demanding on mold content as many countries. In
both Africa and Western Europe, I was also surprised to find newly con
structed harvesting crates made with slats on all sides 
as well 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 in 1974. 
 The reason
 
is: California can produce and process tomatoes cheaper than other areas 
of the United States. We also consistently provide a high 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 facility-the Asian Vegetable Research and Development Center
with its fine staff. I remember well in the early 1960'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. 

I 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 thit 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 countries throughout tropical areas of South America, Africa, Asia,
and the Pacific Islands. Many of these carry good resistance to bacterial 
wilt and virus diseases. Unlike the drier climates where t,;yht tempera
tures are generally favorable 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.
 

Taiwan's prominent position among the developing countries 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 simultanenusly striving to reduce costs through efficiency
and volume. Production and processing of tomatoes represents an impor
tant share of this growing segment of Taiwan's economy. In 1976/77,
14% of US imports of tomato paste and sauce came from Taiwan. The 5 
year average was 3 according to the American Farm Bureau Federation's 
lorticul ture Department. 
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Beginning in the last half of the 1960's, 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 US, the fast food chains with their hamburgers, hot dogs, and
 
french fried potatoes help consume huge quantities of ketchup, much of 

. it -rema nufactured from--paste.- These 'chains: have-sprung-up- i n-the Far 
East, in Europe, Africa, and South America. Tastes are changing rapidly

in countries that tradi tionally had seldom or never been served these 
foods. I believe the frozen french fry arid the pizza pie have moved
 
more of our processed tomato products than any other single phenomenon,
and we in California are most appreciative of tile acceptance of these 
food items and their rapid spread to all parts of the world.
 

It is of interest to note that in the 1960's up to 1968 there was 
an apparently insatiable world demand for tomato paste. California's 
production figures reflect this. So, too, do the production figures
of countries in Europe - Portugal, Spain, Italy, and later, Israel,
Greece, and France. Up tirtil 1968, US imports of paste from Portugal,
Spain and Italy increased drastically. The great over-production of
processing tomatoes and tomato products that finally came to the US in
196., markedly reduced foreign imports. In addition to the supply, there 
were problems mainly in consistency and color in the paste being imported.
However, there were also, during this period of development, increasing
marlets at home and, following 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, riot only in California but 
in Europe and the Middle-East as well. By this time, and after a number
of years that saw both producers and processors profit, all of these 
areas had greatly increased their processing capacities and many new
facilities had been established. This was true particularly in Califor
nia, but equally important, in Canada, Mexico. Europe, the Middle-East,
the Far East, tie Bal kai countries, and Taiwan as well . After 1975,
when the market for products around the world was saturated, processirg
facilities ii most oF these foreign countries sat idle and processing 
was carried out in many areas ,,t just about half. lhere is no way,

Lirriug severe crop failures in important producing and processing areas
 
of the world, Lha t growers or processors can make money under these con
dit ions. In 1976, two seri ois condi t ions preva i led whi chiquickly
corrected tile oversupply. First, at the start of the season, there was 
a cainnery strike in Cal i fornia which resul ted in tile loss in tile fields 
of thousands of tons of growers' "ruit. Then, at the height of tile 
harvesting season, the entire state was subject to periodic and heavy 
ra i is . Growers in Cali fornia,who had a 61, million ton crop, lost close 
to 1. 3 mi 11 iou tons of ripe tomatoes in tie fields. Once again, tire 
mar'ket stregthened for processing tomatoes and tomato products. 

This points uip two very important factors that influence the stabi-
Ii ty arid heal th of this industry, both on a national and an international 
1oVel . The first is the fluctuating supply often associated with change
il the quality of the pack; the second is the magnitude of losses that 
occur generi-ally a'; the result of untimely arid excessive rain. 

Marets are expanding in all areas of the world. It would appear
logical that the grower', and processors closest to the area would supply 
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those markets. The nex- logical step is to seek the export market which,
with success, would bring further growth to the industry. This involves 
some politics - an area outside my field. The arena of trade i compli
cated and there is a desire of all nations to maintain a balance of trade.
 
However, it is a fact that tomato processors go where they can operate
 
at the lowest costs and greatest returns. Similarly, buyers purchase


.processed--tomatoes-and- thei-r -products--where -theycan-get-then the-....
 
cheapest.
 

In this same direction is the increase in bulk shipment and bulk 
storage of tomato paste. I have been surprised at how slowly tle Cali
fornia processing industry took up the concept of bulk storage of tomato 
paste or concentrate in large steel tanks. Two of the major national 
processors already knew about and practiced this for close to 15 years.

With the development of the Purdue University research on bulk storage
in large steel tanks being offered to all processors in the world, we 
are now seeing a lot of tomato pulp storage tanks - 75,700, 151,400, 378,50",
or 473,125 liter tanks - spring up across the United States and in other
 
countries. Many in the US will be located 
not only in California but in
 
the East and Midwest. However, those Eastern and Midwestern tanks will
 
be filled mostly with tomatoes grown and first processed in California.
 
This product is then shipped in sterile rail tank cars to the East and
 
Midwest, shipments of bulk paste to the Far East or Europe for remanufac
ture go by sea. When fully exploited, this will be a real shit in the
 
arm for the processing industry of the areas in which the tanks are lo
cated. But, in the United States, it will be mainly California-grown
 
tomatoes that will fill these tanks. The same may hold for some foreign

countries. Tomato products will 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 tle quality factor. I 
can't overemphasize the importance of uniform grade standards and raw 
product inspection. This is a necessary step in quality control so im
portant i,, 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 F.od 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 tile 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 importantly, it has brought growers
and canners closer together, resulting in better communications, and more 
intelligent and equitable decisions in all matters relating to this area 
of quality assurance. 

Reflecting on the accomplishments of our grading and inspection 
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processes directly attributable to the Committee and its various sub
committees, I would propose that this concept be expanded on local,

* national, and international levels. I would thioik 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, depending 
on the make-up of the committee, it could more wisely assess priorities

= ti ef ia.e eu fand-hsugges-f: h. -iandsolutions theseulap.a to
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 Committee, 
 Its
 purpose is to periodically review objectives and progress of the tomato
 
breeding program at the University of California. The committee consists
 
of 6 producer representatives who have been selected from the Board of
 
Directors of California Tomato Research Institute, and 6 processors from

major canners in California, and representatives of the seed companies

who conduct tomato breeding programs. Currently, the University of Cali
fnrnia's tomato breeding program is 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' breeding
proqram but the variety evaluation trials conducted by farm advisors
throughout California. In addition to this, Institute equipped andour 

iis supporting a central laboratory at the University where important
tomato quality characteristics are measured. I 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
strenqth to the opportuni ties that can be exploited. The world needs 
our product. The problems of the world are ours. They include hunger,
increa-ing labor costs, the need for higher productivity, new product
development, and marketing. Through research we must plan for the future.
As the world makes greater demands for high quality processed tomatoes 
arid tomato products, we will succeed in proportion to the kinds and
quality of our research, the skills and dedication of our ppople 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.S. Tsou and S.C.L. Chiua
 

INTRODUCTI ON
 

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 industry for 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.
 

PROCESSING 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 industry has 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
shown in Fig. 1. 

is 
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.
 

"Associate chemist and research assistant, Asian Vegetable Research and
 

Development Center, P.O. Box 42, Shanhua, Tainan, Taiwan, ROC.
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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. These tomatoes are different from the fresh market tomatoes
bought in 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 MARKET 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 price, 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), coimon 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 isdue to the introduction of processing tomato into the market. The
 
average price of vegetables increased from US$99/t 
 in 1974 to USS162/t in
1977. The tomato price, 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. The monthly consumption 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
action 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 ofvitamin A and C. However, in Taiwan, vegetables are also the major
source of B;, calcium, and iron. As indicated by nutrition surveys, theChinese diet is deficient in these three nutrients (3). Unfortunately,
tomatoes contribute only 1.771, 1.361, and 2.20% of B.,, 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 beaffected by many factors even in a specific location or a specific groupof 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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Nut rients Veqetales Fruit Toiato 

Energy 3.1 2.7 0.13 

Protei n 8.7 1.8 0.16 

Calcium 33.6 7.0 0.46 

Phos phorus 10.5 2.2 0.36 

Iron 24.3 5.5 0.54 
V,,i taIlinlA 74.6 11.5 0.64 

Vi tani n F 15.2 7.2 0.53 

Vi tain , 30.1 6.8 0.53 

Nliaci,1 11 .4 4.5 0.52 

Vitamin C 60.7 38.3 2.82 

u. 	 I 1 0.4 0.05
 
.-.--.--..... . --------------
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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-i no-tota 1 vegetabl e consumption fromthistable 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
 
-USS- -------------------

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 

Ref. 6. 

The agricultural economics group of AVRDC conducted a survey in 
1977 to study tile 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 tile 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 4c per household per month was spent for tomato 
;auce in Taipei. There was a slight increase from 1973-75. However, 
it leveled off after 1975. In the United States, the per capita con
sumption of canned tomatoes was 9.57 kg in 1974 (16). 
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POTENTIAL ROLES OF TROPICAL TOMATO IN TAIWAN 

The consumption pattern of fresh market tomato in Taiwan changed

in 1975. Fully ripenedsmall 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-- iftrijate-F:varri &tis....D U'ii 'g-the-- liot-"hdid:-iTi~ 7%Hthi a ]p5ly:is ..' ti1 
very limited (Fig. 4). The percentage of tomato as total vegetable
 
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 sunnier, 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 idencified as one
 
of the important factors which cause yield reduction of sunmer 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 industry but it could serve as a fresh-market 
tomato during the summer season. The quality needs improvement to meet 
local preferences. 
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Table 4. Selected infor,ration on three sub-seasons of sunuier tomato, 

Sub-season 	 Major area Harvest Yield Price Production Far Net 

-t/ha- -US$/kq- -- thousand USS/ha -----

Late Summer 	 Changhua Early Oct  69.4 0.10 8.0 4.0 -1.1 

Early Suimer 	 Taipei Early Jun - 40,1 0.37 7.2 13.6 7.8
 
(highlaind) Late Jul
 

Suliter 	 r!altoll Larly Jul - 25.i 0.33 8.4 4,8 0 
(hiqhland) Late Aug 

Ref. 4. 

Experiments have been conducted at AVRDC to evaluate the quality of
 
one promising line (CLIld) harvested during the sunmer season. Since
 
the fruit size of this line is relatively small, the quality at ripening
 
was tested (Table 5). 
 Results show higher vitamin C than fruit harvested
 
during the cool season. ho significant differences were found in color.
 
Soluble solid arid titratable acidity were higher. The soluble solid to
 
acidity ratio remains steady, although slightly higher in the summer 
season. This property is associated with flavor (8,9). From a laboratory

taste study, we found Chinese panels consider this important to flavor.
 
Since this ratio is relatively low, panels consider the tomatoes
 
slightly sour. However, since this tomato will be used as 
a vegetable,

it may still be accepted by consumers for cooking.
 

Table 5. Quality charateri stics of Cl d-0-1-2-0 harvested at Various t1Oniths. 

Rlpen" Beta- Titratable Soluble Vitain C Soluble sol ids/
Stage' carotene acdi ty sol ids titratable acidity 

-m/10 0- - - - brix- -my/OOg
red 0.92 0.576 4.16 6.73 41.5 11.7

Jul it.red 0.67 0.573 4.21 6.27 39,4 1(0.9
;pink 0.55 0.545 4.17 6.09 40.4 11.2
 
red 0.87 0.584 4.10 6.21 37.4 10.7 

Aug It. red 0.55 0.583 4.07 5.90 34.7 10.1 
pink 0.55 0.562 4,12 5,8, 36.6 10.5 
red 0.79 0.551 4.17 6.21 35.7 11.3

Sep It.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 It. 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 It. red 0.87 0.494 4.23 4.32 26.2 8.7
1)i nk. 0.71 0.482 4.25 4.07 25.3 8.4
 

lAnalyses were carried nut every week. Data lpresented are average values of t.aL 1ont10. 
rd - more than 90 of the surface iswell colored. L.ight red - mere than 60 of tho-e 

surface is fairly well colured. Pink - 30 - 60 of the surface is airy w l1 colored; 



Table 6. Days to various ripeness stages of tomato, 1977-78.
 

Red color
Pink Red

Date Planted Dated tagged Breaker Turning 


(Hunter a/b)
 
---------------------- days -------------------

.Dec , I . Jan 14 55.8 58, 60.7 64.7 2..12.
 
Dec 1 Feb 17 49.5 52.8 57.0 60.3 1.95
 

Jan 15 Feb 17 54.0 54.4 61.2 67.0 1.89 

Jan 15 Mar 16 46.7 50.3 53.9 60.8 1.82 

Mar I Apr 14 32.5 35.6 38.6 41.7 2.25 

Mar 1 May 4 30.5 32.8 36.5 39.4 1.91 

Apr 15 May 15 37.41 39.9 43.5 47.4 1.97
 

Apr 15 Jun 8 28.2 31.0 34.1 39.6 2.16
 

LSD 5% 5.7 5.3 4,8 5.1 0.18
 

10.3 9.5 8.2 9.0 0.33 

In order to understand tomato development inder tropical conditions,
 
a fruit tagging experiment was conducted by Chemistry in cooperation with
 
Crop Management at AVRDC. Tomatoes were transplanted with an interval of
 
one and half 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 than in spring. Fruit
 
dropping was a serious problem during summer (Table 7). Fruit can
 
remain oil the vine rather well before stage 2 (breaker). Most fruit
 
dropping occurred between stages3 and 5. This result indicates that, 
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 to improved appearance,although this is not a currently
 
coimion practice in Taiwan. 

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

Date planted Date recorded G. ..- e . tTotalGreen Breaker Turning ifinkr- ReCd Toa 

Dec I Jan 14 - Apr 3 0 0 0 0 2.4 2.4 

Dec I Feb 17 - Apr 27 0 0 0 0 16.7 16.7 

Jan 15 Feb 17 - May 4 0 0 0 13.3 6.7 20.0 

Jan 15 Mar 16 - May 18 0 3.4 27.6 24.1 6. 81 61.9 

Mar 1 Apr 14 - Jun 5 12.5 0 6.3 22.9 31.3 73.0 

Mar I 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 81- Jul 24 1.9 0 9,5 23.0 7.6 42.0 
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PILOT COMMERCIAL TRIALS WITH
 

TOMATOES IN LOWLAND PAPUA NEW GUINEA
 

a
 

K.J. Blackburn
 

INTRODUCTION
 

The national capital and largest urban center of Papua New Guinea
 
(PHG), Port Mloresby, 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
 

ildirregular with no continuity of supply. Retail outlets prefer to
 
import their supplies rather than rely on local production. Market
 
gardeninq 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 arown as a component of the subsistence qardening 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 - USS4.50/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 Auq-Sep, 

Hlorticulturalist, Plant Quarantine 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, waterlogging, and severe
 
leaf disease have discouraged wet season production.
 

Since 1974, the University of Papua New Guinea (UPNG) and the D2part
ment of Primary Industry (DPI) have intensively screened tomato varieties 

. .at..La oki .... Al though -all.-early,-research .concentrated-on--vari eti es-. that.-.-. 
are susceptible to bacterial wilt (Paeudomonas soiancearwn), 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 555-5 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 Moresby 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 trii1ls 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 produ.tion 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 coninercial 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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1 

fTomato Blocks
 

0 2 3 4 5 6 7 8 9 

s 
 1 III 5 2:34 N ...
t/ . la I _ 0 

F L-"--- I 
48 

FWel' A diJam ticrpeetao f 42 aioa plnigssem ee ieoe et0etr 

tomato blocks showing production per block (t/ha) and length of production period 

Phmilippines variety S 665 

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 t~othis decision, C 555-F5-19 proved TMV tolerant although a
 
severe infestation had occurred in the second planting. S 665, was
 
conisidered the more commercially acceptable type before we had access to
 
AVRDC breeding lines.
 

Cultural methods employed in the trials were altered as the trials
 
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 stakes was then adopted. This system tended to provide more sunport 
for the lateral branches of the mnatuire plants. 

|I
 

,'.. .. .- - .:
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Ial e I .	 Gereral cl tural lr,-oc ce; used in Ifi I ct commercial
 
trials: P1G, 197t-.
 

I ten, Speoi fi cations 	 Reinarks 

Nine one-tenth ha Sequential planting
Trial design: hIocks 	 system with 2 blocks
 

planted/4 weeks
 

FOur hloCk, planted
 
AVP,( selection C 555-F5-19 wi I Phi I pp sos
 

sel cLiin 4 65.
 

Plant Spacings:
 
Staked (i) 1.37 in x 0.6 in 12,200 plants/ha
 
trnstaked :ii) 1.68 inx 0.6 in 9,920 plants/ha
 

Last feour blocks only
(2, 5, 3 and 6) 

500 kit/ha broadcast Fer tli er on -i due 
[a sal fertiliser: or ridge. 0.511 1 ie ind raked in. 
NYK (1?:12:17:2) 5)0 kg/ha pac d as ertilhr a] aced in 

ide d ress irn at nol ( .'- i troi trans
trtan l irng . nOdcove red up.fan 1)iant 

Side-dressed 50)) k'ha per TMo -,li,:ations made.
 
ferti 1iser: ap; i ication One a- e,:Iriy fruit set
 

I-pnate of and one or'ee weeks
 
amuni a later.
 

1(ilce-: ipp ]i ed week )y during
i ii ( ; cep ,--i dry s.asrOl but applied 

(0.75 kg/ha) twice v '1ly during 	rainy
(i i 'uo ii de: Nalrcozeh periods.
 

1'r.5 kg/ha)
 

drna ' i i ig
drench.i 

I. T 700 !1/200 t Approxiniately 500 in.' of 
r'or" : 00 n.J/200 drench applied around 
Iancoz'eb : 300 g/200 t each tran;planted seed

li rg. 

All seedIlinqs. were grown in ,Jiffy 7 'eat pellets for convenience it,
The seedlin: , were propagated on an autoniatic systen using

'-hali iowtrays with 2.5 ci of avi) and were fed wit-h a coniplete nutrient 
s)ll ion. inoy w, r T'lr. ri;lp1 an ed to tiv, side of a ridq'- during dry sea scr 
;;: tralins' "( hi,-n ',rwat.v r fro!' funrrow ir'rina ion was eas i I vai labh ,- to 

Ohl ro(!". :UIi- wfst. a (ept. rid(er us-d' toili Y',;iasori,we lito wa c011
',r t'a hiql ridge anid the .ed)irgs weret ,"nspi ail(iF to the high central 

54ll-Lion. 
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hand-weedIn May 1978, the s Ys term (ifs tak ill p(us q it was chan ged to 

one of ground (rIMI crops with j tIi -row mechai(,, I cul ti vati)rI. "This 
deci si on was the reu t of LabotrUion activitV hich resu]ted illan 

tO-i Ito S woK.increa se of la borer' s wages fr or .4,e. ~t S4 40 Record
irgs wore made of all 1,hor opet- ions or erc tnato hlock: 5 thrat 
doar led ecorrorri j a01 s Oscoold i,)rIdo. 

Il ,! l y-1rrtil ]lb7c', , ( 1 i:ur.: nematodes werefi i, i5iA that affecting 
35-/, of tie i the ;,wl each Recolnrrendeokit iTJ er :rrd r.iwjin 1l ock. 

01'iTsical - for (wmiALod, trl or fr'om hut not(.o,; order'ed overseas did 
crwyiv, ir.rr f-rintil ,i . In thoiarir a grariulnr foirmulation of 
ter ,.:;irios \'aK rrs r(, uird arwpored dao-ciid. l)uri ogused on blo ks w,s wi th 
thf wet <;(5' 0 i( w(l app] iation,s of iosel:ticidCe plus fugicide 
W$re i) a> (eiion t ol icy hut this was to wee, lyCf 1 orlnelrll reduced 
Crpiinot i rp ur ing tire y/ seasoir. 

1)ring periods of high Irodu:tior, we harvested daily hut three 
t e-rper week was nor,;l l. Af ter r.hrye t, tomatoes were dipped in a 
ho 1ri'to, grAded and packed into r0 kg containers, and sold to the 
"Iftion,l riod lgrketiriq corporation ( L). In the originl t'rial criteria
 

, Id that (oi I rtIo res were fruit of 60 g and below. Fiq. I Shows
 
tIht o)u.. of the rioe enl- comleto cropping periods.
i, trra to (1 Co three 
iti, ., . i dere,d :..i rrrr. Over the 60 week trial peri od 60,946 kg of 

.ii,t(rtoe'S were prloduced at ar aver-gqec; ice of USS0.73/kg. Thi is 
r rnt> a g ., incorre of IiSS4c.4-iP. 

.I(I l rytne cove red ronso; werC con-;rlcted to determiie the effects 
, r r ornt.,,rato trroduction drinitg the wet seaon. The first house was 

)Ill- o'0i md mad, fro ti nrber . A gap i 1r the roof .1Iowed the rel ease of 
1if wlr.lhiwse , cons trne ted of -tee p ipe, was shaped Ii ke 
, , , tha. wrescended to one f I.l withill ,et the giror 

ml,.rslog and q [uwide. fhe fi vt hnI' was di vided ;to 
~r., 0,~ r'', crt' isting of two teds per- sect ion p!lar n t. different 

.r,inoo howre was pl aited to one crop only. Ifh ploart spacing 
v,.iti r f.,.,, iou w s r e ~c; >:",5cm) plants, yet c 1 ("-,0 id(I the were 

ila l,/ o the fi ld oantinry- . for wo4 s aft.er a pe riod of 
,e>r'r!rirrr mv 'atrer, illthe hs irostlt ror,-Iiction igloo , ceased. 

th,,e 1) r and id O I-l drIo well for 5 r orths.arts o'rcOvered ortrtii to 

~Aw 

-

' " .A .. . " _\ ,, - -"' 
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A demonstration t lock comparing staked tomatoes and no mulch with 
an equal area of tomatoes and a grass mulch was laid down late in the 
19708 wet season. Random sample f co, ?rciai,toratoes. werexaminedd 
from timeto 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 se 're 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 5). 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 I and 7, second crops, although this decrease in 
production was also associated with nematodes in all 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 loss 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 until 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 blocks 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 soil in non
staked tomatoes. 

Table 3. 	 Percentage affected plants with two nematicide 
trea tmen ts. 

Block 3 Block 6 
(fenamiphos treatment) (dazomid treatment) 

Nema tode 

affected 36.8 65.5 

Heal thy 63.2 34.5 
plants 
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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

.Jitable.a~t -he.urban. wage...rate and a sellig_ price of US$O.73/kg. Siai 1 
cinsignments of tomatoes were sold to retail outlets rather than the
 
FMC to assess their marketability and an average price of US$1.77 was
 

'-eceived. Under the present dry-season system of ground grown crops
 
ith 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 USS42.55/wk. Continuing trials on this system
 
are being carried 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 lenqth of the production period for each crop determines 

A S 0 N D J FM AM JJ A 34 
335°1 33 

31 WeeklyWeekly 21 VC 
30 av.ranfa 28 / 

(mm) 29 temp. 

0 rfl m 28 ' 

(3) 27 
Blocks ,6) 

6 0 3 26 
60 (4) r,24 C 25 

50 23
 

Average /22 

140C21yield for .. 

30
 

) (3)
 

(9) (4)10 

if)o 20 30 40 so 6(0 

Weeki of production with average poduction spread 

Fig .2r Average marketale block yIeld, as effected by max. and min. tomperture and 

rainfall over total production peiod 



40 

A S 0 N D J F M A M J J A S 

100. . ... . Total rainfall over- . 

cropping period 982 rnn 
Weekly
 
rainfall
 

Cull 
tomatoes 

per 30

week 

20 

0 10 20 30 40 50 60 
Weeks of production 

Fig.3. Effect of raifalL on weekly production of cull tomatoes (%) 

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% due to damage caused by high intensity rainfall 
in mid-July. The A?RDC 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 g 72.0 g
 

Cull fruit (7) 23.3 35.2 

Rotten fruit (%) 10.0 17.0 
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Field gr-own-tomatoes 

40 (5) 

Average (8) 
m ketable 

yield 
286 
t/ha 

(9) ) 
(7)(8) 

(2) 
) 

12) 

(2 blocks) 

0/i t/ha 
6wi 

(9)2 
F,,2/2_Lhra
1wks Owl's 

(4) 

t 8 wks Sw 

Tomatoes under plastic shelters 
1. Open shelter 2. Open shelter 

first planting second planting 

80 () I Igloo type 

plasticshelter 

Marketable il)) 1 crop only (lI) 

yieldI 40(tlha) 
t 846 I 1 46A 391 565 503 51t 

20 I/ha t/h h/ha t/ha I/ha t/ha 

18 whwk' s Ilwks 
1 18 wks 3Wks 13Wks 19Wks 

Production spread (weeks) 
Rg.4 Equivalent yield comparisons of crops grown In plastic houses (2 types) with crops 
grown In the soil at approximately sinilar planting dates 

tomatoes with no mulching against no staking with a grass mulch. The
 
production period was from May - 1, 1978 which corresponds to 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 well
 
in excess of 100 g per fruit and reach an average of 210 g for large 
selected fruit.
 

Determinations of the average size of marketable and cull fruit was 
made on Oct 1978 from random samples of field production (Table 5). 

Table 5. Average fruit size and percentage culls from field;
 
random sample of tomatoes.
 

Marketable fruit Cull Fruit
 

Total weight (kg) 56.9 3.4 

Number of fruit 547 78 

Average weight of 104.0 43.6 
fruit (g)
 

Cull fruit (%) 5.6 

Average weight of 487 
cull fruits (g) 48,7 
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The occurrence of soil fungi , SceZortiwun rol]fsii, Pythiu sp. , ano 
Phytophtova up., is an important cause of fruit rot in the field, especially 
wtth ground grwn'rops. Toma~to 1af'diseasesidentified at Lal oki are: 

Fungal leaf spots: Alteraria solani 
Corynespora casiicola 
Septoria lycopersici 

Fungal leaf molds: Fulvia fulvum 
Ceraospora fuligera 

Bacterial diseases: Pseudomonas solan,-earwn
 
(Biotypes tnree and four have been identified in PNG soils.)
 

A collar rot, ScZerotium rolfsii, causes seedling loss in the field and
 
nematode damage is caused by M4eZoidogyne arenariaand Al. incognita. 

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
 
infestation, and 
a high yielding ability under trial conditions. Nema
tode infestation was the major limiting factor in production since May
1978. This tomato has been named "Chancellor" in accordance with 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 "Chancellor" seed throughout

lowland PNG. Recent records of its performance have been very good. A
 
large national company has recently adopted this variety as the basis for
 
its tomato production program.
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DISCUSSION SESSION I
 

.define 

and "main growinq (months) periods" in relation to tomato cropping in the
 
tropics?
 

HoIle Dr.-VillareaT,.could you quntltatlively "hot,. humid -lowland"
 

Villareal: We have not quantified these words yet. However, I 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, considers the lowland trop
ics to be less than 300 m above sea level.
 

Sonarjono: What are your ideas on breeding for resistance to late blight

di sease(.7hitorht;hoa i7,e.stns)? As we know, resistance is controlled 
by polygenic recessive genes. Phyt-ophthora 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.
 

Villareal: First, we have not found a truly late blight resistant cultivar.
 
Second, those with acceptable levels of resistance have less than 1 g
 
fruit size. With these two limitations, I 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 determined by new races of the pathogen or is it environmentally
 
induced?
 

Villareal: I 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.
 

Yang: 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) wheo grown between Mar-Jun when the night temperatures ranged
From 22-23 C. Yields were 30 t/ha for L22, 29 T/ha for L15, and 31 t/ha 
for CL 123-2-5. lhese cultivars are highly susceptible to leaf curl 
virus at our University. How do these observations compare with other
 
locations?
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Villareal: The yields you obtained are comparable to those obtained
 
in other countries. Only Thailand reports high incidence of leaf curl
 

.	 viru s-wi th AVRDC mater~i aIs. At present, vie are -notbreeding-for leaf. 
curl resistance. 

Villareal: Dr. Johannessen, what role do you see for an International
 
Tomato Advisory Committee?
 

Johannessen: First, this overall committee would be composed of both
 
grower and processor representatives and a few selected scientists and
 
specialists intimately involved with tomatoes. There might be two such
 
committees, one for fresh market tomatoes, and one 
for processing tomatoes.
 
I visualize liberal use of sub-committees to deal with specific areas
 
and recommend to the overall committee either research or 
specific actions
 
to solve a problem or to initiate an improved procedure or procedures.

Important areas of consideration by such an Advisory Committee might
 
well include:
 

1. The encouragement of research to develop and adopt a quick, simple,
 
objective method of accurately measuring mold in a load of raw tomatoes
 
for processing.
 
2. Recommendations on a world-wide, uniform method of grading and inspec
ting tomatoes for processing.
 
3. The impact of water mold, black mold,and other fruit molds on product
 
recovery and quality.
 
4. Development of a universal tomato variety quality education system

that would enable the tomato processing industry to place an economic
 
value on any variety to be used specifically for juice, sauce, paste,
 
or whole peeled tomatoes.
 

Bell: Will processing tomato production in the future increase in
 
Europe and Asia at the expense of California production?
 

Johannessen: Markets around the world are expanding, particlularly 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, could change in the years ahead. Personally, I
 
believe California will not only hold its own, but it may well take 
a
 
larger share of the market in the future.
 

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

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

H.R. von Uexkull 

INTRODUCTION
 

While all crops vary in yield, few variations are as large as those

of tile tomato. In most troDical countries average yields to date ranoe

between 2-10 t of fruit/ha anainst yields of 20 t in South Korea, 40 t in
 
the USA, 50 t in Japan, and over 130 t in the Netherlands. Top farmers 
are harvesting over 160 t fruit/ha (protected culture), 80 times the 
averane yield 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 t/ha level to 25 t, 50 t, and 150 t/ha. 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 nn the wide 
experience of tomato nutrition in temperate and subtropical regions. 

NUTRIENT UPTAKE AND REMOVAL
 

In high yielding tomatoes, 65-75's 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 uptake over time and or,
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 I as a 
basis, the total nutrient requirements at different yield levels are 
shown in Table 3. The table suqqests that serious nutritional problems 

Director, East and Asia of the Potash 126Southeast Program Institute, 
Warten Estate Road, Singapore I. 
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Table 1. Nutrient uptake of tomatoes per ton of fruit.a
 

N P K Mg Ca
 
- ----- kg------------------------


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 

7Ref. 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
 
itis to secure adequate supplies of the nutrients needed, and to main
tain the right balance between nutrients.
 

ROLEj EFFECTS, AND SOURCES OF NUTRIENTS
 

NITROGEN
 

1. Effect on qrowth and yield. Nitrogen affects vegetative growth and

f-ruit yield more than any other nutrient. It promotes the set of
 
flowers and fruit but tends to delay maturity and decrease fruit size.

To obtain a yield of over 100 t fruit/ha, 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 onplant diseases. Excess nitrogen, absolute or relative to

ot-her-eleents-,-illdecr-ease resistance to many diseases. 
 Nitrogen

applied to deficient plants will increase the root CEC (29) and the
 
uptake of other elements. The severi ty of root rot caused by !3,trti"
0,£1,!, :1is 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.
Fruit size, keeping quality, color, and taste are all decreased by excess
ni trogen. Nitrogen tends to decrease the percent total solids in the 
juice and to increase titratable acidity (11). 

4. Ni troqen sources. Nitrogen sources are of minor importance as long
as input levels aTnd'yields are low. For high yield and good fruit 
quality, nitrogen sources are very important. 

In most cases nitrate is preferable to ammonia (15). Ammoniun
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 
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Table 2, The mineral composition of a tomato plant at maturity"' 

Green Dry L Constituents 
e 	 ,Weig1t j weight' I- I 

---------------- g/plant4 ----------

Leaf 136.8 3.77 .75 5.35 8.56 .57
 
Petiole 48.9 .17 1.89
.68 4.07 
 .34
 
Flower . fruit petiole 9.6 .22 .04 .37 .14 .03

FI*rit 
 11 R .

6.72 443.1 8.55 1.82 16.70 .58 .62
 
Stalk 41.9 .87 .25 2.34 .90 .19
 

Root 	 3.7 .01 .05
.06 .08 .01
 
(g/Plant)Tot l 9/[la6)84 	 14.09 294 112.12 ;1.76Total 	 .0 !3.04 129.41 

rFuit (t./h,) 13.4
 
Nutrient uptake (k/ha)i 385 83 803 48
3] 
Nutrl nt removal/t j 	 :0.45 1.01of 2.1 4.38 '0.26
 
friuit ?k /ha)
 

"Ref.
 

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

Pill and Lambeth (23) found that NH,-N reduced shoot and root-con
centration of Ca, Mg, K, P, and NO. It increa-ed 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. 

------------------- element0Nutrient 

Yi lN 	 rM Ca 

. .t/he .. kg/ha--------------
5 i 45 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 

100 290.0 40.0 400.00 45.00 235.00
 

200 580.0I 80.0 800.00 90.00 470.00,
 

"To convert P to P;Os multiply by 2.29
 

K to K0 1.20 
Mg to MgO 1.67 

Ca to CaO 	 1.40 
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NO3. Excess N over K, Ca, and Mig, in turn, is closely related to a
 
number of ripening disorders such as "vascular browning".
 

Among various slow-release materials tested in Taiwan, ureaform 
(molar..ratio 2: l)..gavethe best results.. CDU-proved an-inferior:source--..... 
of N for tomatoes. Sulphur-coated urea was a satisfactory slow-release 
N-source on slate-alluvial soils, but gave poorer effects on latosols
 
(28); In Florida, 392-560 kg N/ha of sulphur-coated urea applied as
 
basal (N-release rate, 11.4%) proved to be superior to the 
same amount
 
of N applied in the form of NH4NO 3 in split application (26).
 

Calcium-ammonium nitrate, ammonium-nitrate sulphate, and potassium

nitrate, and some of their slow-release forms, appear to be preferable

N sources for tomatoes.
 

PHOSPHORUS
 

1. Effect on qrowth and yield. High levels of available P throughout
the root zone are essential for rapid rcot development and for good
 
utilization of water and other nutrients by the plan;. Especially in
 
the tropics where tomatoes are grown withmut mulch and plants are sub
jected to alternate periods of low and high amounts of available water,
 
high P-levels are essential. Absorption of water by the roots increases
 
moisture tension immediately adjacent to the roots. This layer of soil
 
contains thinner water films and requires a longer path length for the
 
same amount of P. Irrigation and/or a high level of P in the soil serves
 
to overcome this problem (19).
 

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

.;_.Effect On fu_._fit q]ua ty. Phosphorus (in c.ombination with N and K)
improves peel coloraticn, pulp coloration, taste, hardness, vitamin C
content, and hastens maturity (28). 

3. Sources of j)hosphorus and method of application. Since tomato has a 
shor t growi ng period' and "is,-sensiti-ve -to - ow _pH,_P-s ou rces shoulId be 
water soluble. Nitro-phosphate and triple superphosphate ire probably
the best P-sources and, in mo-t cases, an e i distribution of P 
throughout the root zone would - de2sirable. Figure 1 shows that on 
high pH soils (above 7.8), especially when soil temperatures are low,
banded P placement can be important (13). On high pH soil large quan
tities of broadcast P may induce boron and zinc deficiency. 

POTASS I UM 

1. Growth and yield. Tomato plants deficient in potassium are dark 
green with shortened internodes. In cases of severe deficiency the 
older leaves will show marginal necrosis. A mild deficiency will 
affect fruit size and fru t quality rather than fruit number. 

2. Potasum and diseases. Kiraly (14) observed that an increasing K
content 
in thu nutrent SolItion was associated with a decrease in the 
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16Sandy clay loap 
12Harlingen clay 

4 0Band 

2[1roadcast
4 F 0 Band 

2
 

45 90 135 180 225 45 135 225 315 405 
kg F2 05 /ha 

Fig. 1. Yield of tomato grown on two different high pH soils
 
as affected by the method of phosphate application (13).
 

diameter or lesions caused by Aternorio. Potassium seems to have a
 
,favorable effect on reducing tomato leaf mold (cZadororiumfuZvurI),

stem rot (Dipiodda iZycop. ,riIi) , verti ci 11 ium wi lt (TeticiZZium c Zboa
",wn), and root rot caused by Botr:jtis oinera (9, 7, 25, 31, respectively).

In the case of virus diseases, however, the severity of the disease is
often accentuated by potassium (34). 
3. Potassium and fruit uality. 

a) Yield and fruit size. The effect of potassium on yield is
 
usually not as pronounce as that of nitrogen. Where potassium has an
 
influence, it tends to increase fruit size.
 

b) Fruit color. A number of ripening disorders are associated with
inadequate potassium nutrition in tomatoes. They have been described 
as "blochy ripening", "vascular browning", "coud", "white wall", "gray
wall", "greenback", etc. (12). Ozbun et al. (2!) showed that blochy
ripening was caused by low K in the nutrient solution (Fig 2). Petiole

K"ias highly correlated with the extent of white tissue in the fruit. 
Gailagher (10) observed that the incidence of remnants (non-uniformly
colored and irregularly shaped fruits) generally decreased the levelas
of K increased. Trudel and Ozbun (30) concluded that K plays an im
portant role in the process of tomato fruit pigmentation. K increased 
carotenoides, particularly lycopene, and decreased chlorophyll. 

c_) Intrinisic and keEpingquality. Potassium nutrition exerts a 
strong influence on acid mntabolism in tomato fruit. The acids involved 
are primarily citric acid and malic acid. Compared to potassium deficient 
plants, 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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100 896 k K)20/ha 448 kg K20/ha 56 ko 20/ha 

White tissue rating 

2 S1Iiqht 
3 Average 

60 4 -Moderate 

5 Severe 

040 

20
 

1 334 5 1 2345 12345
 

Fig. 2. Amount of white tissue in outer wall of tomatoes
 
around stem scar. Data obtained from 20 vine ripe

fruit/plot. Average of 5 replications; spring, 1967.
 
(Wayslip and ley, 1967).
 

needed for higher yield. 
 Inmany cases highest yields are obtained at
 
150-300 kg K20/ha, but highest quality was obtained at 600-800 kg K20/

ha.
 

4. Sources of potassium. At low levels of K-use there ;s 
little difference
 
to be expected from the various K-sources. At higher input levels it
 
is desirable to have at least half the K in sulphate form. 
 In cases

where salt concentration may become a problem (protected culture), potas
sium nitrate is the prefered source.
 

CALCIUM and MAGNESIUM
 

The tomato plant is sensitive to low pH, especially when NH4N is
used as the nitrogen source. A number of physiological and ripening

disorders are related to inadequate calcium. Blossom-end rot has
 
frequently been related to low Ca and high Mg levels in the soil 
(22)

or to a high K:Ca ratio (5)or a decrease in Ca caused by ammonium 
nutrition. Excess calcium over K + Mg seems to be associated with some 
ripening disorders such as "greenback", yellow-green areas near the
 
calyx to the apex.
 

Other physiological disorders related to calcium deficiency are
 
certain types of fruit cracking (2). Foster et al (8)found that the

(Ca + Mg) : (K + INa)ratio was negatively correlated with the rating of
bacterial cancer. Increases in the Na:Ca ratio increased the incidence
of unriwn''ell o.;'r Lzom. Resistance to fusarium wilt appears partly
related to Ca- and Na-pectates in the cell wall. Magnesium deficiency
 
can be induced by high rate of K and/or NH4-N application. Sprays

with 1.5%MgSO, solution are a fast cure compared with soil application
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of Mg, which may take a long time to become effective (35). Mor (18)
showed that vascular browning was very severe in all treatments low in
magnesium, especially in those combinations where ammonia was used as ai nitrogen sou rce_,i ._..:... 

TRACE ELEMENTS
 

Among trace elements, boron, zinc, and manganese deserve special

attention. A positive significant correlation has been observed between
 
boron and flower number, number of aborted flowers, and fruit weight.

Boron deficiencycauses reduced 
root growth, swollen hypocotyls and
 
cotyledons, brittle leaves, and necrosis of the shoot apex. 
 Other
 
symptoms are incomplete and irregular leaf expansion, shortened inter
nodes, multiple axilliary branching, dieback of the growing point, and
 
abnormalities in the cellular structure.
 

Like boron, zinc deficiency is frequently found on high pH soils.
 
Zinc deficiency is aggrevated by phosphorus application. Potassium, or
 
the other hand, appears to promote zinc uptake. Zinc deficiency is
 
characterized by stunted internodes and small, wrinkled leaves showing
 
patches of white tissue.
 

The tomato plant can tolerate a wide range of manganese levels.
 
Severe deficiency was associated with Mn levels of about 20 ppm in all
 
tissues except the fruit. Toxicity occured in young leaves at levels of
 
450-500 ppm, and in old leaves at levels of 900-1,000 ppm (32).
 

CONTRAINTS TO FERTILIZER EFFECTIVENESS IN THE TROPICS
 

LACK OF HIGH YIELDING, DISEASE RESISTANT VARIETIES
 

Until the development of the IRRI rice varieties, it was generally
assumed that the tropial indica type of rice was less fertilizer respon
sive than the sub-tropical japonicas. While in rice the plant type had
 
to be chinged (to make it more fertilizer responsive), in the case of
 
tomato, jeat-tolerance and resistance to disease (like bacterial wilt
 
and mosaic virus) may be critical factors. High yielding varieties adapted
 
to tropical conditions have been developed by some multinational fruit
 
canning corporations, but such seed is not available to the average pri
vate grower. The intensive breeding efforts at AVRDC will hopefully
 
change this situation soon.
 

POOR CULTIVATION TECHNIQUES
 

1. General. In the healthy tomato plant, source and sink appear to be well 
balanc'ed. The healthy tomato plant is therefore capable of producing

extremely high yields over a short period of time. 
 Tomato plants producing

150 t fruit/ha must be able, 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 yielding 8 t grain/ha. Such
 
high rates of nutrient uptake are possible only where soil management

practices are excellent, to permit optimum development of a healthy root
 
sys ten.
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2. Root development and nutrient uptake. Factors that stimulate prolifi
the rocts are:
ofcation 

ano terecontent.n_ 
very comple"x effect,such as improving the storage capacity of available 
water, improving the air:water ratio in the soil, increasing the exchange
capacity of the soil, buffering the release of nutrients into the soil 
solution, de-toxifying some heavy metals, releasing chemical compounds 

.a) Aihh.iq iPmamtt thesoi... Organic matter has a 

that stimulate root growth, stimulating the growth of soil micro- and 
macro-organisms favorable to plant growth, etc. 

b) Soil moisture. Under the climatic conditions in the tropics
heavy rain is frequently followed by several days of drought. Under con
ditions of poor soil management this means that at times most of the 
pore space will be filled with water (oxygen stress) while at other times 
it will be filled with air (water stress) . Such conditions of alternate 
drying and wetting severely restrict root development. 

c. Soil temperatu re. Soil t8 mperatures above 390C reduce root ex
pansiol *(nd temid- above 44 C are detrimental root growth and
nperi_'tures to 

nutrient uptake. A dry soil exposed toothe tropical sun may easily

reach (surface) temperatures of over 44 C, thus eliminatinq the roots
 
from the top 5-10 cm of soil, wnere otherwise (air:wate', ratio, organic 

ma ttfr content, etc.) conditions for infense root activizy are optimal. 

3. The importance of mulching. Mulching is essential for high yields offield grown tomatoes. While some effects of mulching in the tropics are
the same as in temperate climates, others differ. 

ina cool climate, mulching is practiced, among others, to increase 
;oid buffer soil temperature. Black vinyl mulch is best suited fO--such-
A l)IDrnse. In the tropics one of the effects of good mulch is to de
crease srface tempera ture. Rice straw, rice husk, dry grass. etc.,. Soil 
are therefore far better iulching agents in the tropics than plastic
)eets. In the tro)ics good mulch has the following overall effects: 

a) It. reduces soil surface temperatures and it levels diurnal tem
per) I:+r. fI uctuati ons. 

b) It helps to maintain a good distribution of nmoi sture throunhout 
the prcr fi1e 

c) It promotes nitrification and helps to maintain a more uni form
nutriont content in the soil solution throughout the profile. 

d) It promotes a deeper and more even distributi on of fine roots 
throughorut the profile (although more roots will he feeding directly
 
nder the layer of mulch.)
 

e) Itdecreases nutrient losses through leaching and fixation. 

fIt permit:s a better utilizati on of soil and fertilizer nintrie.ts.
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FERTILIZER REQUIREMENTS OF TOMATOES IN 
THE TROPICS
 

Fertilizer requirements of the tomato will be determined theby
ag ronomic- . response of the crop-reand-the-prl e relations betw6ifnfetzlizer 
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 fertilize.' application rates of 36 outstanding 
tomato growers in Japan (13). 

.Plant utrient Yield I 

Average of 36 growers J340 410 320 105 
Range 	 70-800 I90-930 !90-5 70
 
Nutrient uptake 320 105 557 105 

[Nutrient 	uptake/t 3.04 1 00 5.30 1 

Past application rates and levels of compost and organic matter 
application probably account for the wide ranqe in the rates of 
fertilizer application. Average fertilizer application rates in Kanto 
Plain (one of the major tomato growing areas in Japan) are: 370 kg N,
290 kg P;,05, and 350 kg K20/ha. The Horticulture Experiment Stationin Suweon, South Korea, recommends the fertilizer rates in Table 5.Similar and higher rates are being used in The Netherlands and in Italy. 

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

Table 5. 	 Fertilizer recommendations for tomatoes 
in Korea. 

Type of culture N P' 0 K 2 0 

Ofie l -- - - -kg/haOpen field 	 216 - - - - - 1300 	 328 

Protected 340-390 250-290 320 

Ref.-	 Hort. Expt. Sta. Suweon, S. Korea. 
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nutrient levels are shown in Table 6.
 

In the tropics very high rates of fertilizer input are rarely
 
warranted on account-of the-much--l ower-yi el d- evel s-obtai ned -the less......
favorable and highly fluctuating price relations, and because quality
 
is seldom paid for.
 

Fertilizer rates used for tomatoes in the tropics usually range
 
from: 40-120 kg N, 30-90 kg P205 , and 30-90 kg K20/ha.
 

Fertilizer response and fertilizer efficiency is often~unsatis
factory in the tropics because of inadequate soil preparation, poor
 
water management, and varieties that for various reasons cannot make
 
full use of applied fertilizer (Table 7). Although in relative terms
 
the fertilizer response is striking, because of the very low yield
 
fertilizer efficiency is poor.
 

Table 7. Tomato experiment in North Sumatra.a
 

Fertilizer treatment Yield 
NPOb KO- Lime2 


---- kg/ ha t/ha

0 0 0 1.31 100 

0 22.5 25.0 1.97 150 

67.5 22.5 0 3.31 253
 

67.5 22.5 25.0 4.49 343
 

67.5 22.5 50 6.30 481
 

135 45 25 6.96 531
 

67.5 45 25 20.000 7.85 599 

"Ref. - Rep. Dinas Pertanian Rakyat Daerah TKT I, 

Sumatera Utara, Medan, 1971; Local variety grown on
 
andosol. 

The extremely low yield in the control plot (Table 7) indicates 
poor soil and water management. Yields of at least ? t fruit/ha 
should be obtainable without fertilizer on any soil where tomatoes are 
grown. In many countries the national average yield is below that
 
level so it is difficult to speak about "fertilizer requirements in the
 
tropics" in general terms. 

In Nigeria, where the tomato is an important ingredient of all 
diets in the Savannah area, nitrogen is the most deficient element 
and optimum rates are 60 kg N/ha and 20-60 kq/ha each of P2 0 and K2O. 
In forest soils (initial) nitrogen response is small but (initial) (and 
K) requirement is high. Leaf analysis (5th leaf taken at early flowering) 
gave a good assessment of nutrient requirements. Critical levels were 
0.4% NO3- N, 0.4" P, and 4% K. Severe deficiency was associated with 
levels of 0.1"!, 0.15%, and 2, for 1,0,-N, P, and K, respectively (27). 
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Table 6. Recommended levels of nutrient" for tomatoes. 

Soil . .Plant 
Des ira 1e- -a e Toxic range Desirable range Toxic range
 

.... ppm-------------
 ..--.....
Phosphorus 60-70 
0.4 

Potassium 600-700 _ 6" 
-

Xa ones i um 350-700 0.5 

_ 

-
Calcium 1000 iO00~ _ . . 25: _ 

1itrogen 
Soron 

- iganese 

(50- 1)y3t1.5-2.5 
1 

5-20 
, 

-

3 
80 

o 
40-60 ppm 

30 ppm 

-

100 
1000 

6.5-7.5 

Salt conductivity (S. C.) 80-100 

Ref. 10. Preliminary suggested levels. 
 'Depending or 
severity of manganese problems.
 



DISCUSSION
 

In high income countries with a strong and stable demand for high
 
-quality-tomatoes -fertilizer pl ays7-a-key-role-in producing "both,
 
quantity and quality. Few crops surpass the high yielding tomato in
 
nutrient requirement per unit area. The nutrient requirement can be so
 
high that it is difficult to supply all the nutrients needed without
 
running into problems of excessive salt concentrations.
 

In the tropics, such problems rarely exist. Tomato yields rarely
 
exceed 25 t/ha, and market economics do not favor a very intensive type
 
of cultivation. Quality is usually not adequately paid for, and
 
fertilizer rates are usually far below the level permitted by the genetic
 
response capability of the plant.
 

Bacterial and virus disease and inadequate heat tolerance have been
 
serious problems for tropical tomato growers in the past. Much hope is
 
therefore placed on the breeding work done by AVRDC.
 

In rice-growing tropical Asia, few farmers develop good skills in
 
the 	proper management of upland soils. The importance of organic matter 
(mulch) with respect to both water and nutrient availability and effi
ciency has not received sufficient attention.
 

Overall we can be very optimistic. As far as yields are concerned,
 

we are still close to the bottom with plenty of possibilities to in
crease both the quantity and quality of tomatoes in the tropics.
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TEMPERATURE REGULATION OF GROWTH AND DEVELOPMENT
 

OF TOMATO DURING ONTOGENY
 

L.H. Aunga
 

INTRODUCTION
 

Temperature represents a working thermal condition essential for the
 
metabolic and cellular functions of the tomato plant. Characterization
 
of the tomato's 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 light, 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.
 

, IA 

Fi..1. Temperature modification of the growth and developmecnt of tomato 
cultivars grown under phytotronic conditions (see ref, 9 for details):
clockwise from top left: Epoch, Tropic, Fireball, Michigan-Ohio Hybrid. 

Associate Professor, Department of Horticullture., Virgin)ia Polytechnic 
Institute and State University.. Rlacksburg, Virginia 24061, USA. 
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SEED GERMINATION
 

.... Tomato seed germination, as indexed :by-the visib-le outgrowthofthe,.... 
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
 
withio a cultivar. Germination temperatures of 240C (12) and 18.5 0 -2toC
 
(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 26-320C (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 15.50C rather than at 
18.50C or

210C (15). The temperature for optimum dry matter increase of cotythe 

ledons is 18-20 C, which is lower than the optimum of 25 C for shoot

growth. The cotyledons of 4-day-old seedlings, how 8ver, expanded more in
 
area and showed a greater dry matter increase 25 C than at 15C
Pt 

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

The tom,,to 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 250C constant day and night
temperature than at constant 150C. At 150C, fewer leaves form than at 
250C. The size of the main shoot apex at 150C, however, is twice as 
large as that at 250C, and the plants initiate flowers sooner (24). 

Seedlings of 3 tomato cultivars grown for 7 weeks at a constant 
temperature of 26 C (8-hr dark0 and 16- r light) 8 ccumnulated more drymatter than plants grown a 20 C o 14 C. At 20 C, the leaves accumulated 
mnore dry matter than at 14 C o -6C. In contr 8st, the amouat of dr& 
matter accumulated in he stem das higher at 26 C than at 20 C or 14 C. 
Low temperatures of 14 C and 20 C r 8 sulted in fewer leaf nodes before
th first inflorescence than 8t 26 C. The number of flowers ler inf o
re.ce~ce of plants grown at I4 C was higher than in those grown at 20 C 
or Z C, but height was reduced (Table 1). 

In older 20-40 cn tall tomato plants, the rate of stemgrea ter when gfrown a elongation isat fl tc tnat11 ig 26.5Soc day ard 19-2Ooc night tenrper
ature than at constant 26.5oC day and night temperature, or 19-200C day
arid 263 0C night temperature (58,59) . This phenomenon of optimal stern
growth from lower night than day temmeratures was termed thermoperindi
city" (59, 60, 61). Although some tomato cultivars show a higher growth
rate at al1ternalting high day and lower night teimne ratres than under a 
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Fig. 2. Tomato seedling at the thermo-sensitive stage of development:
Top 2 1/4-leaf stage after cotyledon expansion; bottom, a simi 1-r 
seedling of the same age dissected (left) showing a globular meriste
natic comue with 2 leaf primordia, and 2 1/2-leaf stage undissected 
(right) seedling.
 

Table 1. Developmental responses of tomato
 
seedlings grown under constant temperature
 
regimesa
 

Observations Day-Night tenpera ture 

Dry weight (mg)/plant 
Leaves 314 369 175
 
Stein 184 94 25
 
Root 95 88 50
 
Total 593 551 250 

Leaf number 15.2 11.3 10.6 
Plant height (cm) 83 60 45 
Flower number 4.4 6.4 9.6 

a Reference 29 ; Values are mea, of 3 cultivars. 
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constant day and night temperature, there are cu Iivars w,ich show no
significant respose to thermoperiods or show a higher growth rate at a
 
constant day and night temperature than at alternating high day and lower
night temperatures (Table 2). 
 Also, yL'ng tomato plants grow better at
 a constant day and night temperature than at fluctuating high day and
 
lower night temperatures (25, 58).
 

Table 2. Effect of thert,.,,riods on stem elongation rate 
(mm/day) of
 
tomato cultivars grown under controlled environmenta
 

Cutivar Day/Night temperature
2.5C/30UC 26.5'uC/260C 26.5UC/16 0C Response
 

Essex Woider 23.4 
 27.3 32.2 
 Yes

Comet Forcing 
 - 21.6 28.6 Yes
Valiant 
 17.7 22.4 
 26.8 Yes

Michigan State 
 - 23.2 23.6 No

Santa Clara Canner 14.0 19.6 
 23.6 Yes

Norton Stone 
 - 19.6 22.9 Yes
arglobe 15.8 
 19.4 22.4 Yes

Rutgers 12.3 18.3 
 18.3 No

Indiana Baltimore 15.0 
 18.7 2(/.0 No
Burpee Jubile l.0 15.2 21.1 Yes 

Temperature Means 15.7±3.9 
 20.1±3.8 23.5± 4.7
 

Earliana 
 24.0 31.9 
 25.6 No
Marglobe 
 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 reans 18.1,6.6 
 26.4±7.3 24.3±2.3
 

a Reference 59 ; A.Yes indicates cultivar shows thermoperiodicity.
 

In 3-week-old "Potentate" seedlings grown 
at a 15.50C night temperature, Calvert observed stem length increase as the day temperature rose
from 15.5 0 C to 20oC. No increase was seen when tile day temperature

remained at ]5.50C and the right temperature was raised to 200C. Thus,
stem length was affected only by the level of the day temperature (16).Saito and Ito (43), on 
the other hand, found that seedlings grown for

50 days after cotyledon expansion showed the greatest stem length anddiameter at 300 C day arid 170C night temperatures than at a temperature
combination of 300C day/240C night or 240C day/170C night. Tile results
of thesr workers are at variance; however, the light conditions, culturalpractici, cultivar, and temperature levels selecteJ by Saito and Ito were muLn 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 elongation, it is desirable to sharply delineate the temperature
 
influence from associated factors (29).
 

AXILLARY SHOOT DEVELOPMENT
 

The number, size, vigor, and growth pattern of the axillary shoots
 
("sideshoots", "laterals") of tomato cultivars differ (5). The develop
ment of these axillary shoots are altered by mineral nutrients, hormonal
 
chemicals, photoperiod, moisture, and temperature (2, 51, 53; Table 3).

Depending upon cultivars and cultural practices, the proportion of
 

Table 3. Effect of temperature on axillary shoot development of
 
tomato cultivars grown under phytotronic conditionsa
 

Temperature treatmentb
 

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

Medium Medium
 

cv. Fireball
 
Axillary 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
 
Axillary % of total 69 67 72
 

cv. Floradel
 
Axillary shnt number 3.7 6.7 5.2 1.0
 
Axillary shc.t fresh wt. (g) 50.0 60.1 34.9 16.7
 
Main shoot fresh wt. (g) 48.0 50.4 55.0 10.0 
Axillary % of total 51 54 40 

cv. rropic 
Axillary shoot number 2.6 3.0 3.0 1.6
 
Axillpry shoot fresh wt. 
(g) 40.8 40.6 33.2 13.0
 
Main noot fresh wt. (g) 46.3 54.4 50.8 7.7
 
Axi' iry % of total 47 43 40
 

cv. Michijan-OhiHyprid
Axillary shoot numbe- 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 
Ax'llar, %of total 46 43 32 

a Aung's unpublished data. 

b Values are means of 9 plants; The plants were grown in Redi earth
 
medium, fed with Hoagland's nutrient solution and exposed to 1200 
ppm of C0 under 9-hr photoperiod with an illuminance of 40 Klux 

- 2(PAR of 730 iE m sec- 1 ) from coot white f~uoresceiit and incan
de cent lamis; low = 2 weeks at 14 C daylO C night, Medium = 
26 C day/22 C night, High = 4 days at 34 C day/30 C night. HSD 
refers to Tukey's test at 5% level of probability. 
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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 bp considerable.
 

Two additional aspects of the correlative influences of the axillary
 
. shootsoan.the growth of-.'the-main.stem.should.be-mentioned :.-(a).-the -removal - ,
 

of the young axillary buds prior to unfolding enances 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 indeep with a
 
lateral spread of 1-1.3 in(47). In the greenhouse, tomato roots grow at
 
a fairly constant 33 rain/day, penetrate lm deep, and attain lengths of
 
1.5 in (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 tomatc, 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 40oC;
 
grew slowly a 150 and 350C; and showed optimal growth at temperatures 
between 20-33 C (62).
 

Both exogenous and endogenous hormones are associated with tomato
 
rooting (7). An anatomical examination of adventitious root development
 
of "Fireball" explants grown at 260C day and 21oC night temperatures
 
revealed that (a) root primordia originated from the pericyclic and 
endodermal regions, and histogenesis of the roots was completed 2 days

after initiation; (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 "Fireball" 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). Rooti rig
 
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 
treatment affects the growth responses and chemical composition of the
 
organs. "Tecumnseh" seedlings at the 2-leaf stage grown in a nutrient
 
bath at 15.5oC 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 13.2 0 C.
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The root dry matter and phosphorus content of 15.5 0C grown plants, on

the other hand, were 3.5 times and 4.6 times greater, respectively, than 
plants grown at 13.2 0C (63). Similarly, shoot weight and height of
 
"Stokesdale" grown at 210C root temperature for 17 days approximately

doubled compared to plants grown at 130C. Petiole phosphorus and
 
potassium-content.were ncreased 34.,'and 17q res pectively ,-att i (50). 

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

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

Root fresh wt.(g)Zplant cv 
Cultivar Day 26.5 C "ecv 

Night 300C 2_T C ' 22o07 16o-- iU- c3 - Means 

Earliana 30 57 53 53 29 44±-14 
Marglobe 29 32 72 63 40 47±19 
Pearson 23 49 65 72 52 52±19 
Stone 40 72 84 89 87 74±20 
Beefsteak 55 62 69 74 62 64±7 

Temperature Means 35±13 r4:l5 69l1 1 70±13 54.22 

a Reference 59 

FLOWERING 

Flower differentiation and development of tomato can begin soon 
after cotyledon expansion. The developmental stage is critical in the 
seedlings's response to low temperature induction of flower production
and early flowering. Generally, seed vernalization at 5oc or less has 
little or no effect on tomato flowering. In contrast, tomato seedlinys 
are thermo-sensitive and can be vernalized to flower earlier and produce 
a greater number of flowers on inflorescences. A temperature of 140 C,
in contrast to 250C or 300C, given to tomato seedlings after cotyledon
expansion increases flower number on the first inflorescence of toi, to 
cultivars (32). The low temperature effects are reflected in greater
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). 

There is a temperature-sensitive period for each inflorescence during
which low temperature promotes greater flower production. The sensitive 
period for the low temperature effect on the fir';t inflorescence of"Kondine Red" is between the 8th and 12th day after cotyledon expalsion 
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Table 5. Low night temperature treatment 
during the thermo-sensitive stage on early 
and total fruit yield of 'Fireball' tomatoa 

240C day
Obsevaton. -1-12-130C -18z200C 

Early marketable yield
 
Fruit number 67 58
 
Fruit weight (kg) 7.08 5.86
 
Fruit size (g) 106 101
 

Total marketable yield
 
Fruit number 161 140
 
Fruit weight (kg) 16.75 13.26
 
Fruit size (g) 104 95
 

a Reference 49
 

(32). In "Spartan Hybrid", the thermo-sensitive period for the first
 
inflorescence is the 2nd week after cotyledon expansion, and for the 2nd
 
inflorescence the 5th week (65). Ten days old "Potentate" seedlings
 
exposed to 15.50C during the day and 10oC at night show increased
 
flower numbers on the 1st, 2nd, and 3rd inflorescences after the 3rd,
 
4th, and 5th week of treatment, respectively. Thus, the intervals
 
between the thermo-sensitive phases for the first 3 inflorescences are
 
1 week apart. "Ailsa Craig" shows significant flower number increases
 
only in the 1st and 2nd inflo-escences, and the interval between their
 
sensitive phases is 2 weeks (14).
 

Differential temperature exposure of tomato seedlings during the
 
thermo-se~isitive stage indicates that a shoot temperature of 10-13UC 
determines the morphological position of the first inflorescence. A 
root temperature of 10-13 C, on the other hand, controls the number of 
flowers on the inflorescence (39). 

Flower production of "Grosse Lisse" was reduced by phosphorus 
deficiency imposed prior to flower inif;ation. Time of anthesis was 
delayed by 7 days. Kinetin applications at 10- 5 , 10-6, and 10-8M in the 
growinq nutrient medium reduced shoot growth, but fiower numbers were 
significantly increased (36). Kemp et al. (27) and Wittwer and Dedolph
 
(67) had similarly shown that kinetin reduced tomato growth and delayed 
time of flowering. 

Flowering of tomato is reduced by relatively high temperatures. A 
high temperature of 260C day/22°C night under phytotron condition-, signi
ficantly reduced flower numbers in the first inflorescence of "Epoch" 
and "ichigan-Ohio Hybrid", and in the 1st and 2nd inflorescence of 
"Fireball", compared to 220 C day/18oC night or 180C day/14oC night. The 
number of days from s -ding to anthesis of the Ist flower on the 1st 
inflorescence of 5 cnomercial cultivars was also significantly decreased 
with increasing growth temperature (9). 
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FR UIT I NG
 

After the inception of tle flower, the ovarian tissues, constitutingthe fruit organ of the tomato, already possess the majority number ofcells which will be reflected in the mature fruit (3, 2 _ us1 .....
m---growth-and 2 .u he.........
nurture-of-the- fF~it-f6lruiti~ig-i61 iia tion""and ferti Ii zation* consist predominantly of cel enlargement accompanied by a massive influxof water, organic and inorqanic nutrients, and synthesis of others (20).
 

icrosporogenesis of the tomato begins with the division of thearchesporial cells which give rise to tile 
pollen mother cells. Each
pollen mother cell divides to give a tetrad, the latter eventually
resulting in four mature microspores with thickened cell walls, thepol len grains. The cell walls of the nicrospores richare in callose,and starch is present in substantial amount in the binucleate 3tage ofpollen 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 (2?, 23). 
 The adverse effects of high
temperatures on microspires and fruit -set may be partly attributable,
therefore, to supplya diminished cf carbohydrates essential for normalpollen development and pollen tube growth, High temperatures alsoinduce stylar exsert-ion beyond the staminal-cone, which hinders Dollilna-Lin (],52) and retds the development of the pistils. Thus, Smith(46) found that ligh temperatures existing approximately " days prior toanthesis have a detrimental effect or the rate of pistil development.The affected pistils fail to develop beyond the egg stage and arecharacterized by smaller egg cell, nucleus, and poorly staining cells.
Marre and i'iurneek (34) also demonstrated 
 the importance of carbohydrateon the growth of tomato ovaries. They note that '18-72 hours afterpollination or auxin treatment, the developing ovaries actively synthesizeor acquire carbohydratos. Leopold and Scott (30) shbowed Ohat the growth 
otoLma to ovaries nave an optima1 temperatore of 20-220 C, andthe addition of 5 sucrosemedium prot wit0it _ M ascorbic acid in the culturees frnit-se t of excised flowers at 300C. It maY berelevant Lo ,bsurve also that the low moisture stress conditionsoftpn
 

in 
iccompa yir., high temUe ratures could generate a high abscisic acid 
level
tomato (35, 37), which woo1,' favor premature senescence and abscissionof reproductive orgaus. Th,,.,the high temne rature modifications: (a)poor development of polkn (b) lack of pollination, (c) disintegrationof embryonic pistil cells.. (d) substrate comlnetition and limitation, and(e)hormonaIl imbalance are all conducive to abscission of tomato ovarif-s
and poor fruit-set lnd yield.
 

1lomato cilti exhibitars a wide ranget f fruiting ability underlow (17) and hiIgh (15) t mveratore conditions . Some cultivars capableof setting frttit under low night temperallures are also able to set fruit,trelatively high niglht temperatures. Ott the other hard, som of the,att11 cultivars which set; fruit under low night temperatures were un frutitful at-, high night tetut;iratr: lu's. in general, increasing the niqW'i.
teoraLUITres 
 decrea ,ed frtt it-st, t and redo eid fruit size. Infavorablehigh (lay teitperaLt e is;less de trimen al on fritetttpera ture. Witiile it; 
it-set tiai high niglht.is quite well accepted that high tetiperatres 

....
r..........Ltq , is known that "Moneytaker", grovi' at 350C day/I H0C
Wh t teitperait
Lurs ittideI- cnitrollod coidilio :s, yielded and heaviermore 




fruit than plants grown at 200C ddy/15 0 C night temperatures when provided 
adequate moisture (2) . 

Although various attempts have been made using hormonal chemicals 
to counteract the adverse influence of unfavorable temperatures on 

~ ~tomatofdfui t=set (33T38,40);and deg~es-e f sccess (Wr-sithuaing 
failure), understanding of hormonal aspects of fruit-set and development 
is still in its infarcy (19). Information on endogenous hormonal changes
in relation to defined temperature and related environmental conditions 
affecting specific growth stages of reproductive structures is needed 
before precise and predictable control of tomato fruiting can be realized. 

FRUIT RIPENING
 

Transformation of the matured green tomato nto a red ripe fruit 
involves many complex secuences of underlying bicchemical reactions. 

Table 6. Optimal grow, ng temperatures of tomato at different
 
developmental stages
 

Devel opmental Optimal
stages tempera turesa Reference 

Seed germination 26-32 °C 48
 
Cotyledon expansion 16-20 9C 15
 
Seedling apex enlargement 150 C 24
 
Seedling growth 25-260 C 25, 29
 
Stem elongation 300C day/17 0 C night 43
 

270C day/19-200 C night 58, 59
 
Axillary shoot growth 350C day/18 0 C night 2
 

260 C day/220 C night Table 4
 
Root growth:
 

Intact seedling 26-320C
 
Older plarts 270C day/13-22O)C night 59
 
Excised ',7 20-33%)C 62
 

Leaf initiation 250C 15, 24
 
Leaf node reduction l10l4oCb 32. 65
 
Flower formation 13-140C0 r. 65
 
Anthesis 13-]4OCb; 26 C Jay/220 C night 9, 32
 
Pollen formation 20-26cC 10
 
Pollen germination 22-270C I
 
Pollen tube growth 22-270C
 
Stylar extension 30-350 C 1, 46 
Frui t-set: 

Iitact plant 18-20 )C 17, 45, 583
 
Excised ', ; .. 20-22"Cr 30
 

Fruit ripening 24-280 C 54
 

a It should be borne in mli mmdtha t. he teipera tl C re sponses are 
modula ted by I iI)ht intensi ty, minera 1 nutrient Imdiois ture levels. 

b Low temperature giv(n to see,1 i ngs for nort duration of 2 weels
 
or- less fol lowed by growLh at hiiher tIemuperaLure .
 

8,8 



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 redlight and inhibitLd by far-red, indicating the process. is !Junderphyto-...
chrome-control.T- -eie-(5.)-d6ns Wed that "Bonny Best" and
'Margobe" frult maintained at 24-28 C developed a deep6range-red

coloration, Ibut became yellow 

c

colored when 
 kept at 32-36 0C. At 40'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) bas c understanding of vegetation,

reproduction, and their interrelationships is incomplete, and (b) 
 optimalgrowing environmental conditions during different growth stages of thetomato are seldom met even under controlled greenhouse or phytotron
conditions. Recognition and, where feasible, correction of tile limitinq

interna, and external factors of tomato development can) go a long way to

assist in realizing higher fruit yield. Perhaps is
it 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
 
deve Iopmen t.
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TOMATO FRUIT-SET AT HIGH TEMPERATURES
 

C.G. Kuo, B.W. Chen, M.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
 
mc' Iure stress greatly affect each process of fruit-set in tomato, and 
su,. quently fruit-set percentage and yield (3, 15, 17, 36, 37, 54, 56, 
60, .3). 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 relatively low or high. Watts (59) 
found that fruit-set is greater at 240 C tLin 160C. Went (61, 62) 
reports that the cr'tical factor in setting tomato fruit is the night 
temperature, che optrral range being ]5o-200C. Fruit failed to se.L t 
130 C or below. When The average maximal day temperature is above 32 C, 
and the average minimal night temrperature is above 210 C, fruit-set is 
low (41). Also, nigh light intensity accompanied by high temperatures 
is harmful to fruit-set. Reducing the light intensity by shading 

Asiall Veetable Research and Development tenter, 
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increases fruit-set significantly at high temperature; but,when the tem
perature is satisfactory,reducing the light intensity has no beneficial
 
effects. Light intensity affects the internal L mperature of the repro
ductive organs. Later, Schaible (49) also noticed that tomato fruit

-
set is.gene-rally poor.when: the ni ghttemperature-exceeds230C.


Howlett (25) points out that both night 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 300-450 C cause a marked reduction of fruit-set, although no
 
visible injury to vegetative growth is observed (32, 33). Growing
 
temperatures below 300C 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 temperature, which
 
should increase understanding of the specific mechanisms of .nsitivity
 
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 FORMATIOtN
 

The developmental stage of a se"ling is critical to flower forma
tLion under high temperatures. Fl o..r production decreases with increased 
temperature up to 270 C, regardless of any heat-tolerance in terms of 
fruit-set ability (16). A ?60 C day/270C night at the early growth stages
reduces flower nubers in tie first cluster, but days to the first anth
esis are also decreased witf increased jrowing temperature in the early 
growth sta(ges (14). In contiast, work at AVPDC found that days to the
 
anthesis of the 1st cluster of both heat-tolerant accession L-125 and 
neat-sensitive accession L-123 are not affected when the high temper
ature (33-380/21-26 0 C) are imposed for a 2-week interval at any time 
after the cotyledon e; pansion. 

We observed the mcroscopic appearance of the first cluster in both 
L-123 and L- 1.5 at 3 we_:s 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 betore their anthesis. lewi tt 
and Curtis (24) attributed this to a depletion of the carlohydrates by
increased respiration. It was later found that heat-tolerant tomato 
ciltivars at high temperature (eian max. of 390C.) tended to maintain a 
higll net photosynthetic rate as well as fruit-set (9). 
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POLLEN GRAIN AND OVULE FORMATION
 

* iUnder normal temperature conditions (300/150C), 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 400C or above for several hours. Heat
 
treatment at this phase caused:
 

1) pollen tetrads to degenerate, and pollen grain tr 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
pspores decrease with the advac.i-g.stage.I.of flower buds.. before anthesis
 

T2875)3- 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 failed 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, testel by staining or germination,

increase with high temperature before antlesis (12, 16, 23, 39, 54).

Sugiyama et al. (54) 
attribute the low fruit-set at high temperature

(400C) before anthesis mainly to a reduction of fertile pollen; however,

Charles and Harris 
(16) suggest that a lower percentage of viable pollen

plays only a minor part in causing low fruit-set at 270C. Work at the
 
AVRDC shows pollen obtained from the high temperature grown heat-tolerant
 
tomato plants (L-125) tends to have 'c,: viable grains than heat-sensi
tive L.-123 (Table 1). Levy et al (39 report that pollen grains obtained

from high temperature grown heat-toleldnt "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. Pol*'en germination and pollen tube growth of
 
ro!<P.Des grown in relative high temperature." 

Acc. no. Pollen germination Pollen tube length 
- '- -ii 

L-123 16 
 382
 

L-125 77 
 470
 

LSD 0.05 7 
 66 

itMean maximum tempera ure for 10 days before the collec
ti8n of pollen was 30 C, and pollen was incubated at 
25 C for the test.
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STAMEN STRUCTURE
 

Levy et al. 
(39) suggests that splitting of the antheridial cone
due to high temperature is a mechanical barrier to self-pollination.

This cara~teristic was 
 not found in heat-tolerant "Hotset" at 36°-39Cday/16 -20 C night, whereas in heat sensitive "Hosen-Eilon" its frequencyreached 40% of all 
flowers, which would eventually drop before fruit-set.
 

The opening of pollen lobes is associated in part with formation of
the endothecium - a subepidermal cell 
layer of the pollen sac, with

special thickening 
in the walls except for the external tangential one.
This endothecium formation is normal 
in heat-tolerant "Saladette" athigh temperature (320C day/.270C n-i-gh It,);. consequently-the opening-.of- theanthers also is normal 
(46). However, endothecial thickening of heatsensitive "Roma VF" did not occur at high temperature and resulted in

loss of pollen dehiscence, whereas flowers uf "Roma VF" 
under low temperature developed normal endothecia and dehiscence. 
 In a study of several
 genotypes with the ability to set fruit at high temperature, pollen production was reduced and dehiscence impaired in all genotypes at high temperatures, regardless of heat tolerance (22).
 

STYLE ELONGATION
 

Tomatues are self-pollinated at a rate of 98% 
or more (39), and one
characteristic reducing fruit-set under high temperature is the style
elongation 
relative to the antheridial cone (1, 45, 47). Self-pollina
tion would be prevented or reduced when the stigma extends beyond the
mouth of the antheridial cone. 
A strong relationship was found between

style elongation and flower drop 
- the lower the stigma level, the hinher
the fruit-set 
- within a line at high temperature (10, 39, 45, 46).
Levy et al. (39) found that no rruit was set by flowers with the style protruding more I out thethan mm of antheridial cone due to high maximum 
temperatures of 36-39UC. An inheritance study of fruit-set and style
elongation at high temperature 
concluded that style elongation is a
prime factor contributing to low fruit-set at high temperature (45).
 

On the other hand, no style elongation was observed in several
cultivars (16), although fruit set was 
reduced due to high temperature
at 270C. The low fruit-set was attributed to high temperature raising
the stigma and plugging the tube of the antheridial cone, where it 4as
less likely to receive pollen. A great variability in style elongation
between cultivars was shown tinder high temperature (35). Later work confirmed the wide genotypic variation in style elongation at high temperature (10, 39, 46). 
 The frequency of such distorted flowers ranged from
0-100% in heat-tolerant "L-246" (KL-2) and in heat-sensitive "L-95"(Venus), respectively, when grown under the mean maximal and minimal range
of 410-240C (Table 2). Similar 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 heatsensitive "Roma VF" at a day temperature of 40±1 0 C, whereas the style ofheat-tolerant "Saladette" at high temperature was shorter, and the stigmastayed within the dntheridial cone 
(-1.1 mm). Mechanical pollination
using a brush (10), or hand pollination using normal temperature pollen, 
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Table 2. 	 Effect of temperature on style elongation and fruit-set rate
 
of tomatoes
 

AVRDC V 4- 24(C 32 24 .. 
Type acc. name Style fruit- Style frui t

ao. e - erted set exserted set 

L-246 KL2 0 42 0 57 
Heat-tolerant L-2991 PI 290856 0 44 0 55 

L-232 Naqcarlan 63 24 0 42
 

Mean 	 21 36 0 51 

L-96 Saturn 45 30 11 37
 

L-205 Techumseh 53 19 10 26
 
a-SensitiVe L-203 Floradel 83 
 4 20 19 

L-95 Venus 100 0 20 61
 

Mear 	 70 13 15 	 36
 

,,dopted from Ref. 10. 

iliprovod fruit-set at hiqh, temperature; probably because it distributed 
of olento otfherwise inaccessible stigma. However, production did not 
, m~-~,~,ntch that of normal temoerature. 

'Isil (of the hol tait.1hility of otyle elonqation revo is a hinh value 
,)Ii' ,ria , (.i. d,. 1hereforo, the nractical possibili ties for 

, t. I ti)(i)-lot styles'C i,h l t.- ]"'n vith norrmal undror hioh tomeer'ature
I h'wl .,,!( 	 ,(q(e"tedl (39J[
 

POST-ANTHESIS STAGE
 

'HI GF 	 IPMIATION 

4 ovesti cated 
<,l1n (jerllioral[in and! 11ollen tube growth of those nllen nra ins obtainid 
tiw olant grown ,;,- wVorahulr envi ro mental condi ti, i (I , 13, 23). 

i ral1.y, 	 I aIid l!lon well ,t2(o-

Many stodii 1 the eff ct of temperature on in vitro 

poil1 ', ri, i rllinate tubesI elolglate
anrd tempo -raInyes above (.de ro,,ase in vi n iilationrtipolleon rm 


ir ll1 'n t growth. ,pesiirrs ahn'', or,
qlhr F to 350r. for nrle 
ro'rl r"% decre-i( "; in vi ti') pol len germinal-tion arid poll en tide 

( I. .h, No alppwrent di f ferenints Ie twen heat-tolerant and 
ii t,,--nero; it ,1 e: r fLiv '" iii te-ri. of teIjleratnre effect on in] len nor
,IrIII rl I 1 tlI 'l- (13,)l.J<} t d rl q.rj"..h fomnid 

poi,l-'ir' ('t ir ru'e-&oi. . th,e e o0f ill vi vo,ton ; V at Li 	 pollen
!,lil'ti.i ' ' in in,;i, ( Il dl, (f:,r'd , the vivo0 ermination percentane

,,of, il fbm re. f ioil (Intile dvelopment into the style and thus 
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prevents fertilizatio,, (1,20, 30, 50, 51). 
 The optimal temperature for
in vivo pollen germination and poller tube growth is
near 200C (16, 51).
On the other hand, the decrease in pollen germination with increasing

temperature up to 270C is generally much less than the decrease in fruitset. Also, heat-tolerant "BL 6807", which has the biggest decrease in
germination with increasing temperature, has the best fruit set; whereas,
heat sensitive "PR 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.
 

. .......Hd.po]l i.nation using_-hi gh-temperature-{(35/25oC) -and- normal -temperature (22/18 0 c) pollen showed that although pollen produced at hightemperature 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 pissibility is that the poor germination or slow growth of thEpollen tube is attributed to lack of a "stigma factor" normally presentin the stigma or style (40), although it has not been identified. It was thought that if a "stiqma factor" was present in tomato pistils, thepollen 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 280C in a medium containing aqueous stigmatic extract of
heat-tolerant L-226 grown at high temperature germinated better than itdid 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-sensitive cultivars qrown at high or normal temperature conditions (Table 4). 

Table 3. Effect of aqueous stigma exudate on tomato pollen germi
nation and growth. 

Acc. Type Medium Germination Pollen tubeno0. 
 Ilength
 

Control 8 
 42
 
L-95 Heat-sensitive L-95 " 31 68 

L-226' 
 44 183 

Control 10 
 75 
L-226 Heat-tolerant L-95-' 2 50
 

L-2260 41 
 170
 

LSD 0.05 
 5 12
 

M8an maximum of 10temperature days 0before pollen collection was31 C, and pollen was incubated at 28 C for 1 hr for20' sucrose + 100 ppm H1B03 . '20 the test.t.' sucrose + 100 ppm H3BO:, + stigma 
exudate from acc. 
no. indicated.
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Table 4. 
Effect of IAA and GA3 on pollen" germination and growth of
 
tomatoes grown in growth chamber or greenhouse. 

Acc. Germination Pollen tube lengthMedium no. G erowth Growth Greehhousechamber
 

Cotrol 16 
 1 10 

L-123 IAA (0. 25 mg/i) 32 14 29 25
 

GA3 (0.5 mg/i) 16 18 21 16 
Control 12 1 9 9 

L-125 
 IAA (0.25 mg/l) 44 12 40 20
 
CA3 (0.5 mg/i) 26 7 39 9
 

GP8llen was incubated at 300C for 1 hr. 
 Temp. (20/20 C). Temp. (35/
 
21 C).
 

Gibberellin A3 (GA
3 ) also had a slightly promotive effect, but not as

much as IAA (13). 
 Whether any of the these plant hormones are a stigmatic

factor or are involved in heat sensitivity needs to be studied.
 

FERTILIZATION A1D 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 hut not under high temperature at 5-8 daysafter anthesis (34). The more advanced the stages of fertilized flowers 
treated with high temperature, the more heat-resistant the fertilized

flowers were. Later, lwahori (29) 
also observed that pollen grains beaan
 
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.
Or. the other hand, flowers of the plants hold at high day temperature of
300C or high night temperature of 24-300C 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 rer fruit 
and the fruit-set percentage was studied at 
AVRDC. Generally, the fruit
set and the number of seeds oer fruit were higher at low temperaturethan at high temperature, and most heat-tolerant cultivars tended to have a higher number of seeds at high temperature (10). 
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GROWNTH 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
,orination (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, 3C, 
43). Gibberellin levels are more prominent
during celil enlargement-(4, 5) ' whereas-a bs cis'ic-a.cid"a4d'-- thi h e'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. Iwahori(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 (400c) 
 treatment for 4 hrs 0-3 days after anthesis resultedin disappearance of this high level of endogenous IAA-like substance in
those fruit which did not abscise from the plants but had their growth
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 onendogenous growth regulators other than auxins as related to fruit-set.However, work at AVRDC found cultivar differences in the number ofadventitious roots formed due to ethrel application. The number of rootsformed was inversely related'to heat-tolerant fruit-set, although someexceptions 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).
result suggests that the high level 

This
 
of certain endogenous growth regulators 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 organsare removed. On the other hand, exogenous application of IAA or GA4/7prevents the abscission of pedicels without reproductive organs, andapplication of ethrel promotes abscission of pedicels without reproductive 

organs (Fig. 2)
 

The exogenous application of natural as well as synthetic auxinshas brought about improved fruit-set which otherwise failed to developafter receiving high temperature treatment (13, 34, 35, 47). Fruit-setof flowers treated with high temperature at anthesis recovered after exogenous application of a synthetic auxin, para-chlorophenoxyacetic
acid (CPA), whereas flower buds treated with hiqh temperature failed to 
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Table 5. Absission rate of pedicels with their reprodyctive 
organs removed at the time of heat treatment. 

Open Small fruit Large fruit
flower (0.2 - 1.5 cm) (1.5 - 2.5 cm) 

fHea t- tolera nt f+ 

L-125 2 2e3 15e 17cd 
L -226 ~ 9~7' - 73-a 75a
L-232 94 abc 40d 19 bcd 

L-2972 98abc 63 bcd 2 1bcd 

L-3690 8 1cd 60bcd 3 7bc 

Heat-sensitive+++ 

L-123 9 8ab 62 bcd 9d 

L-146 88 bcd 4 6cd 2 2bcd 

L-166 10 0a 8 7ab 45b 

L-386 100 a 92a 4 0bc 

L-387 7 6d 8 2ab 45b 

iy4published results of Kuo et al.,+-Means 1978. ++Ref. 57.with different superscripts significantlyare 
different (P<O.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 retardarit
 
cycocel (CCC), and GA4/7 reduced flower drop and increased fruit set and
 
development at 350 day/250C night. 
 Later, Abdul et al. (6) confirmed
 
that the application of CCC improved Cruit-set at h'igh temperature. 
These results strongly suggest the control of fruit-set may involve more
 
than a single hormonal factor. The possible involvement of other endo

..-... panthormones...in..relation to-.heat-tolerancegenous is-open- for further-
study.
 

CONCLUSION
 

Poor fruit-set at high temperature, usually above 300C, 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 11
 

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

Uexkull: Nitrogen sources are of minor importance when input rates are 
low. At higher rates (above 1O0-iU r, N/ha) nitrate forms are oftensup.ri,oto_,.theammonu nia_ formii... High.concentratior..o fammonia--in the,,rhi..
zosphere restricts root growth arid can be toxic. 
 Nitrate forms deserve

preference over ammonia under the following conditions:
 

1. High rates of nitrogen use.
 
2. Soils high or low in pil.

3. Soils low in organic matter.
 
4. Soils with poor aeration.
 
5. Conditions of extreme drying arid wilting.
 
On "very good" soils, high in organic matter, with good soil 
texture and
structure, nitrification can be 'ery rare and on such soils ammonia fors 
can be safely used, eveni at high rates. 

unrjojo: At high temperatures, around 400C, the tomato pollen didnot germinate. You showed that by exposing tomato plants 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?
 

Kuo: The data you refer to was cited from Sugiyama et al.(1966). They
exposed tomato plants wish various stages of flower buds, flowers, and
fertilized flowers to 40 C for three hours on each of two successive
days. Their results revealed that flower buds 9-5 days before anthesis

and flowers at 1-3 days after anthesis were highly susceptible 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 conclusinn to be drawn is that high temperature prevents
fruit-set via the limitation of fertilization. 

Suna-rjono: 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 fertilization. 

Aun.: When we refer to fertilization, I think we have to consider the
amount of seeds involved. You are not talking of a single seed or an
ovule being fertilized. You are talking of many seeds. The number ofseeds reflect the number of ovules that are fertilized. Some varieties
 
can have 150-200 or more ovules fertilized so that when you try studyto
the time of fertilization or the fusion of the egg cell and the malenucleus, you have a pretty tough problem. The second point is how manyovles 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 aminimum number of seeds, say 15 to 20. in terms, however, of examiningthe time of fertilization, it would difficult, considering the number
of ovjles arid the location in the tomato fruit. 
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BACTERIAL AND FUNGAL DISEASES OF TOMATO
 

Charles Y. Yang'z
 

PROBLEMS OF TOMATO GROWING 
IN THE TROPICS
 

Even though tomatoes can be grown reasonably well in tile drier andcooler parts of the tropics, tomato ptroduction in the hot, wet, lowlandtropics is often hampered by diseases anid pests (21). Reduction in tnequality of- tLrirato crOlps may ,etca used by various diseases either duringgrowth in the tield (64) or drini9 post--harvest activities such as transit,stor~age, and warketinr (41). Effective dis.,ease control requires lreventive Ieasitres and ho t pla t rLsistance. 
 The ise of disease res;stantvarieties; is the sot effective and ine:pensive means of contiol; ho
ever, chemical fol niide, and hactericides may he used to effectively

conlrol 110','llto to diTh ases. The g 
 pl asm of the wild relaLives of
torlato afford a Ipenti al gerleic resourcu for many des i'able character
isti§, inclu~ding disese resistance (17, 45, 53, 54, 56, 73). Known sources of resi5tarire to most tomato dinease, are cur-rentl,' available 
as cataloq,: or Iicqt (24, 30, 60, 62, 65, 67). 

SCREENING TOMATOES 
FOR L ISEASE RESISTANCE 
The Asian Vegetable Research and bevel opment (eter (AVRDC), along
with many other research instituationm 
 in thfWworld, mainltains a largegerr plasr coll ection of cultivated and wild tRlatoes. /1vigorous, largescale breeding alrd screening prugram for resistance has
so tia beeninitiated to identify and develop di-,ea,, ei t,,e utilizing the gene

tic potential )f this gerrmplasm. Since I/'1,mary 
tomato accessiorrs
which possess resistance characters 
to ruibr tropi ca to:,iato diseases
such as bacterial wilt, gray leaf sp',t, leaf mold, powrh'.,y mildew, late
hliqht, TMV , and rootk)t rerratodes rave benrm idenftified, selected, andutilized in the breeding programs tL)iml iov tropi cal tomato production

(7, 8, 9, 10, II, 12, 13A).
 

DISEASES CAUSED BACFERIA FUNGIBY AND 

Fi fty-one pathrjren,, 
 corrposed of hicteria, fungji, viruses, andreira ties, can attack torato plants (I1rl(cause disease. Detailed accounts 

'Plant patholo(isL, The Asii Vfrr ahle oea rch and bevel oprentlo La 111 
Sorter . P.O0. bo; 4?, Shanhua, Taiwon, 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 several
 
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
 
descri bed.
 

Table 1. Tomato diseases caused by bacteria. 

.Disase Causal organism Reference 

Bacterial wilt Pseudomonas solanacearwn 35,58,61 

Bacterial canker Corynebacteriun michiganense 6 

Bacterial spot Xanthomonas vesicatoria 


Bacterial speck Pseudomonas tomato 


Bacterial soft rot Erwinia carotovora 


Table 2. Tomato diseases caused by fungi.
 

Disease 


Fusarium wilt 

Verticillium wilt 


Damping-off 

Black leaf Mold 

Leaf mold 

Gray leafspot 

Septoria leafspot 

Powdery mildew 

Early bl ight 

Late blight 

Southern blight 

Stem rot (blight) 

Causal organism 


F ari=wn oxysporium 
f. lZ'opersici 

Verticilliun a7bo-atrwn 

Fzjthium ulti,,nm.; 
p. aphanidermatan; 
Rhigoctonia suZani 

Ceroospora fuligena 

Cladooporiwn .fulvu n 

SIterphy iium nolani 

Septovia Zycopernici 

Ery.iphe poZyrjoni 
reveiZla taurzica 

AZteryzaria solani 

Phytophlthra nfestana 

Seizroti'V, mrol"'ii 

,Z.rotinia sclerotiolne 

27
 

19
 

72
 

Reference
 

69
 

18 

2 

8,29,57 

3 

4,6P 

5,31 

8 
51 

52
 

15 

25 

22 
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Table 3. Tomato fruit diseases caused by fungi.
 

Disease Causal organism Reference
 

Buckeye rot Phytophthora aapsici" 
 59
 

Phytophthora spp.
 

Ghost spot Botrytis cinerea 
 26
 

Gray mold rot Botryitis cinerea 71 

Nailhead spot Alte2raria tomato 49
 

Phoma rot Phomca destyuctilca 46 

Soil rot I1is;octon7?Ia solani 28 

Alternaria rot Alternaria teniuis 40 

Anthracnose Colletotrihz#n phomoides 36
 

Cl adospori um rot CZadosporium he2,baiwn 41 
Fusarium rot fuocarium sp. 47 

Hel mi nthospori um rot He 7inthosrorum Oapo.soap2wm 39 
Phomopsis rot Diaporthe phaectorum var. aoae 70 

Pleospora rct Pyospora ijcoPsici 50 
Pythi um rot FPytirhum qe1P....'der= 41 
Rhizopus rot 
 13hi:;opu;.;.,nif'er13 
Ring rot !,'th.ciwr sp. 63 
Sour or watery rot " ' . ...A'" 20. .:Iu 

.- 1. BACTERIAL WILT CAUSED BY I5A'UL;h;lc.MS. S, TA '"A''U, 

Bacterial wilt is known by many common names, including southern 
bacterial wilt, Granville wilt of tobacco, Moko 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, 

:.-..n.-:, . .; ,, is most destructive during warm (30-35 C), wet
 
weather. Since the bacterium needs abundant moisture for optimum

development, disease severity increases with decreasing soil 
drainaqe.

This pathogen can attack plants in over 25 botanical families; many of
 
them cultivated crops such as tomato, potato, tobacco, pepper, 
 peanut,
eggplant, banana, and soybean. 
 The losses caused by this pathogen are
 
incalculable. 

The lower leaves of infected tomatoes may droop and the whole plant

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 sten may be en
hanced. Slimy bacterial material may exude from the bundles when the stein 
is cross-sectioned. If cut sten sections are suspended in water for a

few minutes, a milky string of bacteria will flow from the cut surface. 
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The 'dvanced stages of the disease are 
indicated by a brown decay of the
pith and extensive hollowing of the stem. 
 Leaf spotting and fruit do
not occur. The rapidity of wilting and death, 
the absence of foliar
yellowing, and the pith decay and hollowness distinguish this wilt disease 
from the Fusarium and Verticillium wilts.
 

P. qoZanaeearupm is primarily a soil-borne plant pathogen.tribution and the diseases it 
Its discauses are poorly understood, and the pathogenic and physiological variations within the species are enormous.
Also little is known of the ecological 
factors that affect the bacterium's
longevity in soil 
or its disease potential in different soils. 
 It is
quite embarassing and disturbing to 
find that after 82 years and more
than 1,400 research papers published (35) since the appearance of E.F.
Smith's first monographic treatment in 1896 
(61), we still experience
-- heavy-crop-losses-'a II
-over the World-be ause we 
lack effective control
measures and adequate knowledge of the biology and ecology of this des

tructive pathogen.
 

Investigations on P. soZanacearwn have been hampered by the lack
of information on the many different strains of the pathogen in the
tropics and subtropics. Identification of specific strains of the pathogen
is esential in programs designed to test host germplasm. The numerous
hosts affected by this pathogen, its wide geographic distribution, the
intrinsic complexities of strain differentiation, and many confusing and
diversified classification systems at subspecies- level 
are the crucial
factors 
limiting the research progress on P. soZaniaceaYwn. In addition,
the inherent complexity and diversity of the soil environment and the wide
host range of the pathogen make it difficult to determine the soil
management or cultural practices necessary for effective control.
 

The major challenges and opportunities for progress are in breeding
for resistance to P. solanacear m. 
Resistance for the bacterial wilt
pathogen has been found in T,.pirpi1,e1ZioZizv~i (P.I. 127805A) by several
workers (1), 
 but this resistance is not adequate at the hot temperatures
found at altitudes below 608 m in the tropics. 
 Commercial varieties,
such as "Venus" 
and "Saturn," developed with high levels of resistance
for a given location, may not survive inothergeographic areas either
because of the presence of different strains of the pathogen or because
the resistance is variable under different environmental conditions (44).
Unless the strain situation within a specific crop can be clarified and
the genetics of resistance can 
be defined, progress on improvement of
bacterial wilt resistance in tomato will 
continue to be slow.
 

Inoculation procedures for disease resistance screening have been
standardized (8,9). 
 The tomato germplasm collected at AVRDC has been
systematically screened under enhanced diseaseconditions in both the
field and greenhouse. 
To date, at least 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
the field, and their resistance is being incorporated into the current
breeding materials in order to 
broaden the genetic background for resis
tance to P. ,olwzaoeaaw;, (9, 10). 
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2. FUSARIUM WILT CAUSED BY FUSARIUM OXYS.PORIUM F. LYCOPERSIOI 

Fusarium wilt is an important field disease of tomato in many warm
regions of the world. 
 In 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 unilaterally, spread to the top, and eventually the whole plant dies. 
 The

xylem tissues of the stem turn dark brown. 
The roots also become infected,
but there is no decay on the infected roots. Severely infected plants

die before the end of the growing season. The disease is more severe
 
on light, acid soils in hot areas. Two physiol.ogical races of the fun

areogu- t d{ffr in pathogenicity toward tomato cultivars.
areknown 

The only practical ,mleans to 
control Fusarium wilt is the use of
resistant varieties of tomato,and, many resistant tomato varieties are

available commercially. Varieties tiat are resistant to 
race 1 include

Manapal, Heinz 1370, Campbell 28, Tropi-Red, Mars, Ohio W-R29, Anahu,

Saturn, tlanalucie, Nemared, Napoli, Roma VF, and Chico III. 
 The cultivars
 
Walter and Florida MH-i are resistant to both races I and 2.
 

3. DAMPING-OFF CAUSED BY PYT11IUM UL'IAI11.1 3 P. APIA,.1IDERMNATU, ", OR R/IWZO-
TO/IA SOLANTF 

Damping-off is a soilborne disease that is distributed throughoutthe world. 
 It causes decay of seed or seedlings, or causes young plants

to collapse and die. It usually occurs 
in small patches in the seedbeds.
 
Seedlings are extremely susceptible to damping-off for 2 weeks after
they emerge; as the stem hardens and increases in size, the injury no
 
longer occurs.
 

Damping-off can be controlled by treating plant beds either with
Dexon or Captan as a preplanting soil treatment, or with PCNB as 
a soil
 
drench immediately after seeding.
 

4. LEAF MOLD CAUSED BY CRDOSPOUIPULVUM 

One of the common and destructive diseases of greenhouse tomatoes,
it also frequently occurs on field grown tomatoes in tropical regions.
The destructiveness of leaf mold on 
susceptible tomato plants is dependent

on moisture and temperature. Infection can occur at an optimum

temperature range from 21-26°C, with relative humidity above 95%.
 

Usually, symptoms of leaf mold develop first on 
the oldest leaves
closest to the ground. They appear on a leaf as 
small, light-colored
spots which turn to 
a light yellow followed by the browning, drying,

and death of the cells in the infected area. 
 Under severe diseased conditions, the infected spots coalesce and the foliage is rapidly killed.The dense patches of huff-colored mold on the under surface of the in
fected leaves are 'the fungal conidia which are disseminated by air currents. The fungus Primarily attacks leaf blades, but it can also develop
on petioles, blossoms, 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 (137), and more 
can be expected at any time. A single
dominant gene, Cf;,, derived from wild tomato L. pirpine lZiwl.foi, conveys 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 CL'(oopoa J'uZigena, is very prevalent and sometimes destruc_ ._ 
 ti.e .on_tomatoes_.rown .in-,the -Iow-land-ttropicaI regions-(-,- 29, 57).The symptoms of this disease are so close to those of the leaf mold thatit 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 haje been proven to have a high degree of resistance to theleaf mold disease caused by ,11vum' vw,,. They are 1.21, L94,L203, L221, Lt65, L295, L302, L304, L336, L337, and L34].
 

5. GRAY LEAF SPOT CAUSED BY , r... .. . .
 

Gray leaf spot is a very common and destructive disease of tomatoesin warm and moist tropical and subtropical reqions. The disease differsfrol early blight and nailhead spot by not affecting the fruit. Symptows commonly appear either in the seedbed or on plants seeded directlyin, the field. Leions are most common ol leaflets, occasionally oni)etiole or stem, but never on fruit. Small, brown to black specksappear. ,caittered or abundant, circular or elongate, and slightly sunkenand, as the soot 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 am, the entire leaftjrns yellow, dies, and drops. The disease usually progresses from old,lower leaves upward. Warm, moist weather favors disease development and'..hen this occurs, all the leaves except those near the tios my be killedand few fruit are Produced. The conidia of the pathogen are carried 
,yair currents. 

Gray leaf spot can be contronlled by spraying mane or other dithiocarbairates on the seedbeds. A number of commercial tomato varieties are highly resistant to this disease: Chico Ill, Floradel, Iropic, Walter, Manapal, Marion, Indian River, Tecumseh, Campbell's 17, and Chico 
Grande. 

Over 2,000 tomato accessions and close to a thousand crosses werescreened at AVRDC's; experimental farm. I' accessions and 4 crosses 
possess trong resi ,tiance to qrjay leafspot (9). 
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6. SEPTORIA LEAFSPOT CAUSED BY SEFTIPA ,yrO T 

Septoria leaifspot, 
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 oi
leaves and stems 
at any stage of plant growth. The lower oldest leaves
show the 'first symptoms. 
 Infected leaves develop water-soaked spots.
The spots are circular; 

As 

they have gray centers and blackish borders.
the spots develop, they become surrounded by a distinct yellow halo.
When conditions are favorable (22-26 C), 
 fungus fruiting bodies appear
as small
:. ooze out black specks, pycnidia, in tile center of the spots.of .these pycni~dJa_rin pink, .gelationoums Sporesesduring: let, ..........
 
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 aLtacks 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 germplasm collections of Luooc,, , I ,'* :c,,and I,.r:,urlv:;,,. (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 
 V' 7 ;.7 :-' -,:II'r 

This disease is common on growntomato during cooler and lesshumid seasons 
in some subtropi,il regions. 
 Conidia are produced in
chains on conidiphores that arise from inycelia on 
the host surface.
They are disseminated by air currents. 
 In countries of the Mediterranean basin, the powdery mildew of tomato is reportedly caused by 

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 effectivelycontrolled by fungicides such as 
Milcurb Super.
 

8. EARLY BLIGHT CAUSED BY ArImNAMHA SOAILI
 

Early blight, also known as Alternaria leafspot, is the most common
leafspot disease of tomatoes 
throughout the world. 
 It produces a circular spreading spot, which has dark 
edges and is usually brown to
black in the center. These spots frequently merge, forming 
 irregularblotches. Concentric rings often appear in the brown center, givinq the
disease another name 
"Target Spot."
 

The early blight pathogen produces toxic materials within thecausing large areas leaf,to turn yellow and the leaf to 
fall, even though
there are on~y a few necrotic spots. Dark masses of conidia are producedaround the margin of the spot, where they are easily dislodged hy thewind. 
 The fungus sometimes attacks the fruit, causing large, sunken
 areas of a black, velvety appearance at the stem end. 
 Infected fruit
frequently drop. Large spots often appear on the stems of seedlingsat the ground level, causing the partial girdling known as collar rot.
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Prevention of seedling infection is very 
important in controlling

early blight. 
 Seed dressing with thiram is an effective control measure.
 
The disease can be controlled in the field by spraying with maneb or
 
other dithiocarbamates. Currently no commercial tomato variety is
 
highly resistant to 
the early blight fungus; however, Floradel, Manalucie,
 
and Southland are considered moderately resistant.
 

9. LATE BLIGHT CAUSED BY PIIYTOPIIIORA WFE,7'ANS 

Late blight of tomatoes is caused by Phytophthora infe.twau, a 
fungus which also causes late blight of potatoes. The disease causes severe de foliati on , ma rked-damage-o f-the toma to- pl ants- -and --a-des tructi ve- 

rot of both the mature and immature fruit. Cool nights and moderately

warm days with abundant moisture favor the rapid development and spread

of latE blight. During severe epidemics this leaf blight may destroy

an etire crop. In the warm regions the late blight fungus remains alive
 
On 8701rVZwfl hos ts. 

The characteristic foliar symptoms of the late blight are irregular,
greenish-black patches first appearing on 
the older leaves. They
 
rapidly enlarge and become brown and papery. Water-soaked, brown streaks
 
may also develop on the infected stems. During moist weather or under
 
heavy dew, a vhite, downy fungus growth often develops near the marginof the diseased tissue on the under surface of the leaves or on the stein
 
lesions. Stem lesions appear as water-soaked brown areas that may girdle

and kill the plant. Severely diseased plants often break along the stem
lesions and cause lodging. Infection of the fruit can occur at any

growth stage, and lesions appear as 
large, green to brown, water-soaked
 
blotches. These lesionscommonly appearing on the upper half of the

fruit, are firm in texture with occasional zonate markings. Often soft
 
rot organisms invade blighted 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
plants may alter its racial character. The differences in late blight
resistance shown by commercial tomato varieties may well be the reflection
of the complications facing tomato breeding programs when dealing with 
a destructive pathogen withimany physiological races. Currently, the 
varieties New Hampshire Surecrop, New Yorker, Nova, and W. Virginia 63
 
have a hilih resistance to the common tomato races of late 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 highly resistant to the disease. These results 
came from
 
screening 4,023 accessions and 946 crosses. 
 The best resistant selec
tinns, i.e. accession L1197 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 .,7,Tc"(UJM Rurijr 

Besides tomatoes, southern blight affects more than 100 different

host plants. This disease is common and widespread in subtropical and

fropical regions. General drooping of the leaves, easily confused with 
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bacterial wilt or Fusariun wilt, is the first above-ground symptom.Brown 	decay of the stem's cortical tissues at the ground level 
is also
evident, and it is usually covered by 
a whitish mycelial mat interspersed with many snall, light-brown spherical shaped sclerotia.
continues until the plant dies. 	 The wilt

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 Soierotinia ouZeotI0o,4.The-sclerotia of the latter pathogen are mostly formed inside the hollow
cavities of the infected stem, .alnd 
are colimparatively larger, black, hard,
and"ii'rregulaly shaped. 
 Sanitation isthe best protection against the


solithern blight. 
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TOMATO VIRUSES
 

Nobuyuki 0shimaa
 

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

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' :oniato fern-leaf shrivel due to a complex of the strain and
 
cucumber mos'aic 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, 6virusesoccurin tomato plants: TMV, CMV, double virus
 
streak, tomato spotted wilt virus, tobacco leaf-curl virus, and sometimes
 
potato virus Y; and some Mycoplasma diseases. TMV, CMV, and double 
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 toriato 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 strain of TMV was carried out by Oshima et al. (13) in 1963. 
They obtained higher total yields from tomato plants inoculated with 
their strain L,, , which had been made by growing a tomato strain, TMV-L, 
at 35 C for 14 days in sections of a tomato stein. L,,A, which Japanese

tomato growers use at present, was selected from L,, by several passages

through local lesions of Nicoianz gqlutinooa and tomato plants in the 
field. This attenuated strain is P, almost symptomless strain and
 

0 Director of Agriculture, chief of 1st Research forDivision, lnstitute 
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 Tn-i gene resistant to TMV became infected 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-i/Tm-!) 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 LA, cultivating
different tomato cultivars in a plastic greenhouse contaminated by TMV,
and raised higher yields in LA-infected .tomato. plants,- than- in the. non- .
t ......... nssreT61ed-plhe, c.. ffects: of L,A on yield differed according to the
 
tomato cultivars, the. teason of cultivation, and the year (Table 2).
 

Table 2. 	Effects of inoculition of the attenuated strain
 
(ratio of yield).'
 

Attenuated virus 
Form of culture Cultivar (LA) inoculated
 

(Standard 	 ratio 

Retarding" House-Homare 132 
 1970
 

Semi-forcing b 
 if 129 1971
 
Over-winteringC Kochi-First 
 196 	 "
 

Toko-K 	 456 

House-Homare 155
 
Kyoryoku-Goko 179
 

rOct-Dec; VMar-Jiun; 'Jan-May; dChiba Prefectural Agricultural

Experiment Station.
 

In 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 
Netherlands and United Kingdom. 

Many commercial cultivars having resistant Tin-i or Tm-2' genes were

introduced and some of them are grown commercially. However Oshima and
 
Motoyoshi (16),studying tomato resistance to TMV sLrains,observed the
 
adaptive changes of TMV strains following passage through various types

of resistant tomatoes, GCR 237 (Tin-i), GCR 236 (Tin-2), and GCR 254 (Tim-l,

Tin-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 Tin-2 and Tin-2 2
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were not expressed and did not prevent TMV-L, a common strain of TMV, from

infecting and multiplying. By contrast, homozygous gene Tm-I 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-i, however, became infected with TMV-CH2, a tomato
 
strain able to overcome the effects of Tm-i 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, Aphi.>' qosypii and Myzus, porsicac. Many wild plants near the
tomato fields are infected with CMV and probably become sources of in
fection.from-which aphid.-vectors transmit- the-- vi rus.-, CMV-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
CMV, 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 theFrench 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 CMV infection. However, in 1977, Kaper et at. (5)found

that in addition to the three CMV genomic RNA's 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 CMV's 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,
carried out inoculation tests of several cultivars to select breeding

materials having resistance to TM1V and CMV. The experimental resuts
 
showed that M-R 9, M-R 12, 
Ohio 60712, and L-253 cultivars (among II
cultivars) showed only sight mottling while "Fukuju No. 2", 
a TMV

susceptible cultivar, was 
severely affected. The degree of resistance of

these cultiviirs was 
affected by many factors, including inoculation
 
methods, plant stage, and environment.
 

Tomato yellow dwarf disease in Japan was reported 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 curling, yellowing, twisting, and rolling 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 3. Percentages of infected protoplasts of different genotypes inoculated with different 
TMIV strains. 

Exnt. inoculation 
Strain 

of 
. 

GCR 26 GCR 237 
Tomato line_ aiid _ge-notjpe_

GCR 254 GCR 236 GCR 267 
vuifervirus 

/+ 
Tn- I/Tm-

+/+ 
I Tm- 1/Tm- I 

Tm-2/Tn,-2 
+/+ 
Tm-2/Tm-2 

+/+ 
Tm-2 /Tm-22 

1. 0.01 ,-potassium 

oihosohate. pH 6.7 
2. 0.05.-:ris-HCl, 

L 

L 

19 

41 

0 

0 

0 

-

41 

-

17 

pH. OM 44 0 - _ 

CH2 70 63 - _ 
3. 0.0,-otassiui L 28 0 -

phos,1hat-, pH 6.7 OMI 16 0 -
_ 

-_ 
CH-, 41 59 - _ 

0.05 t-!-tris-HCl 
pH .0 

L 
OI 

-

-

0 
0 

35 
20 

-
-

CH.- 54 37 -

Ret. 9. 
Percentages of infected protoplasts were estimated by fluorescent antibody staining

protoplasts sampled 48 hr after inoculation. 
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Table 4. 	Outbreaks of yellow dwarf disease in 1974-1976
 
in Uda-gun of Nara prefecture.'
 

Reqion 
 Plants infected
 

surveyed Site 1974 1975 1976
 

Sone-Mura A 
 0.5 1.1 1.0
 

B 2.0 0.8 0.3
 

C 3.0 0.4 0.5
 

Oouda-Cho 
 5.5 3.0 11.7
 

Sinbara-Cho (1) A 100.0 3.4 14.0
 

B 24.0 0.8 4.0 
Sinbara-Cho (2) A - 17.0 -

B-	 25.0 -

Branch Station of
 
Nara Prefectural 50.0 9.7 20.2
 
Agri. Expt. Sta.
 

LRef. 11.
 

Solanaceous plants grafted with the affected plant showed symptom
like those caused by tobacco leaf-curl virus, and the whitefly, iRm.njia

f*ctbaboj, transmitted the disease. The preparation 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 tobacco 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) wiich was reported to be
mechanically transmitted to several species of the family SoZanaace
recently (22), and "mosaico dourado do tomateiro" from Brazil (8). 

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 ,8olanceae. The virus was trans
mitted by the thrips, 7hripn tcb.ci. 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 45-500C or 
35-400 C, the dilution
-s
end 	points were between 10 - 2 x 10-1 or 10-"  2 x 10-", 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. Inultrathin sections of infected leaf cells of tomato,
clusters of spherical virus particles 70-90 nm in diameter were frequently observed in cytoplasm enclosed in vesicles (6).
 

Besides the above-mentioned viruses ,..somei
yellows-type diseases.--causedbY 
 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
important. 
The vector is the dark leafhopper, Ophio2,a .tZavopiota.
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PRINCIPAL INSECTS WHICH ATTACK TOMATO
 

IN THE TROPICS AND THEIR CONTROL
 

.Anan_ Vttanatungun and Winai Ruchtapakornchai. 

INTRODUCTION 
This article is a review of the research that has been done inThailand and neighbouring countries. 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 tomatoes grown in a tropical environment. The scarcity of research documents makes this report far from complete. For this rea.on,
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 researchersin 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 Aphid, (A,?'hi oww,i Glover). In the Philippines (4) it causes serious damage when occurring in great numbers. High populationsgreatly reduce plant vigor. In Thailand, apart from tomato, this aphid
also attacks a wide range of solanaceous plants besides cotton.
 

2. Green-peachAphid, (A;:;un t,-e~ -, Sulzer). In Thailand this species

is common on vegetable crops and found throughout the country. It cantransmr,it 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 betaken into consideration before the planting date 
can be planned. Chemi
cal application of fenitrothion, diazinon, or malathion has been 
recom
mended (4). 

"Vegetable and Ornamental Insects Laboratory, Division of Entomology 
and Zoology, Department of Agriculture, Bangkhen, IPangkok 9, Thailand. 
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WHITE FLY
 

The significance of whitefly on tomato was 
pointed out when virologists of the Division of Plant Pathology, Department of Agriculture,
successfully transmitted leaf curl 
virus from infected plants to normal
plantsby using the whitefly (&:,'rt ia tabaci Genn. ) as a vector. Thedisease has been recorded to cause serious reduction of tomato yield inmany areas of Thailand (8). Although B. tabacei has not yet been recorded on tomato in Thailand, it is listed as a major pest of tobacco (5), and 
_ iilt s kown-to transmittobacco.-leaf -curl -vi rus (1) I-t seems--thatthe..whitefly has 
a broad range of host plants under tropical conditions.

Nene (3) has listed above 75 plant species as hosts, including over 7

,SoZcnz( crops and tomato. 

Control Measures: Virologists who work toward the control of leaf curldisease on tomato are asked pay moreto attention to ways of protecting
tomato plants from whitefly attack. Recommendations for chemical treat
ments on soybean and urdbean are (3):
 

1. 0.1% Endosulfan + 0.1% Metasystox (oxydemetonmethyl ) + 2%'of 
orchard oil.
 

2. 01.% Malathion + 0.1 Metasystox + 21' of orchard oil. 

Another method of chemical control is through soil treatment bygranular systemic insecticides, such as carbofuran or aldicarb. One

application at transplanting should be effective. 
 Tobacco growers in
Thailand have successfully used this to protect from tobacco leaf-curl
 
virus.
 

FRUITWORM
 

The insect that commonly attacks tomato is the fruitworm (lie Ucoverl,",'J1 Hubner), commonly known as cotton bollworm or corn earworm. In
Thailand, this worm 
has been a major pest of tobacco, corn, cotton, soybean, vegetables, and legumes. It is also reported as a major problem

in India (6) and the Philippines (2,4). Investigation on the damaging

habits and chemical control of the worm was carried out for the first
time in 1975 (7). Adult females lay a single egg normally on youngleaves or flowers. Damage can be found on young leaves 
 and flowers by
small larvae. ilature larvae bore holea into the fruit and rotting iscaused by bacteria or fungi. Damage to the fruit has been as much 30',,.Outbreaks are normally found during dry season when host plants 

as 
are moreabundant. Tomato near isgrown tobacco normally subjected to more damage.Seasonal abundance of this pest can be found in Mar to Apr in northern 

Thailand. 

Control Measure. Experiments were conducted at Maejo Field Crop Station,Chifangjmha---TiTland, during Feb-May 1975 (7) to study the potential ofcertain insecticides for tomato fruitworm control. Field evaluations,
using randomized complete block experimental designs, were conducted in15 111 plot with 5 replications of each treatment. of 8A total treatments,including control plot, were evaluated for tomato yield. First applicationwas started first flowerat set, followed by weekly spray intervals.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,
 
Metholmidophos 0.6 kg a.i./ha, and Leptophos at 1.2 kg a.i./ha.
 

Table 1. Relative efficiency' ofchernicals against tomato fruitworm at Maejo
Experiment station ;Thai Iand, 1975. 

ISt harvest' 26d harvest'' 
reatment. and formulation Rate Fruit control Fruit 

damaged damaqed cotrol 
Mlethomyl 90 SP 0.6 2,33 a 91.67 3.30 c 89.14 

(900)

Monocrotophos 56% WSC 1.2 0.52 a 98,00 2.10 a 93.03 

(960)

Diazinon 40'f WP 1.2 3.05 a 88.60 8.10 C 73.35 

(929)

l.eptophos 50% WP 1.2 0.72 a 97.31 3.50 abc 88.48 

(827)
Endosulfan 35% EC 0.6 2.01 a 92.49 5.10 abc 83.22 

(984)

Acopphate 	 75%' SP 0.7 0.97 a 96.37 2.70 ab 91.11 

iR (897) 
Sa ithion 40'.) 0.6 	 89.80 7.10 bc 76.64
EC 	 2.73 a 


(892)

Methamidophos 600 LC 0.6 2.33 a 91.30 5.10 abc 83.22 

(910)
Diflubenzuron 25 "WP 0.6 7.38 b 72.45 14.70 b 51.64 

(952)

Control (Untreated) 	 26.79 c 30.40 1
 

(900)
 

Values followed by the same letter are not signi.4cantly different at the 51 level 
of error based on Duncan smultiple range test. Total tomatoes examined for 5 
replications are indicated in parentheses) otherwise 100 tomatoes for each repli
cation were taken for check. Proprietary product. 

In consideration of the hazards of toxic residues from those promising
Products tested, Methomyl and Acephate were later recommended for use 
as tomato fruitworm control in Thailand. In the Philippines (4) Methomyl 
and Acephate are also suggested, as well as Fenitrothion and Tetrachlor
vi nlphOs, 

CONCLUS ION 

It, is apparent that among the principal insect pests attacking 
tomato in the tropics, tomato fruitwonn (H. u-;X;:- 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 (Ii. taanu) which has 
become a vector of tomato leaf curl disease. 
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NEMATODES ATTACKING TOMATO AND THEIR CONTROL
 

R.B. Valdeza
 

INTRODUCT ION
 

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 (A1lZoiio.q,,ine 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 M.idcumq' species described, 7 were reported to infect tomatoes but, 
of these, only ei. r7.a, and M. ,iavJa)cicz are the most(ha 4. i.nlcognita 
common and destructive on tropical tomatoes. V. noognita was reported
 
by Ducusin and Davide (12) to have caused 85% yield loss of the rainy
 
season variety 2029 when inoculated at planting, and 40% when inoculated
 
at flowering. In the coastal plains this species reduced tomato yields
 
85", compared to 20-30% in the highlands (1). Taylor and Sasser (57)
 
reported that root-knot nematodes multiply logarithmically for several
 
generations during the growing season. They calculated that even if
 
only 5% of the average of 500 eggs produced by each female would 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 population increase is tremendous on a susceptible crop and under
 
favorable conditions. 

Besides the root-knot nematodes, the other destructive endoparasitic
 
species are probably the reniform (i oU;Zcn.,,i . ,b/,,) and the 
lesion (,+,-:w 4... spp. ) nematodes. Some of tile ectoparasi tes that 
could be equally destructive are , spp. , and 

spp. 

SYMPTOMS
 

Nematodes affecting tomatoes attack mainly the root system. Infec
tions caused by ,:ozfcan spp. and Nc ,n) -w,areai.,. characterized 
by root swellings, often called knots or galls, that contain the enlarged, 

Associate Professor of Plant Pathology & Vegetable Pathologist,
 
Institute of Plant Breeding, College of Agriculture, University of the
 
Philippines at Los Banos. College, Laguna, Philippines.
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saccate female nematodes. The symptoms caused by the ot '-r nematodespecies are distinguished ay the absence of feeder roots, rootsstubbyor extensive root pruning, and general root decay. 
 The damage to the
root system, therefore, reduces uptake of water and nutrients from thesoil, resulting in stunted growth and low yields. During hot or dry
weather, affected plants wilt readily because of a very shallow root
 
sys tem. 

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 attacktomatoes in the tropics (Table 1). Eleven species of ,,tic.,::,;whave been identified; followed by 9 species of T,.ienho h: 4.9- 8 of 
and. *h . ; 7 of Ac'7ataoqne; 4 each of (''izeo oidea1 £onious,andX-'. 3 of 'i,-hcoru.q ; 2 each of )i tyenchzw ,loploZaitmn..,Naoo;i,.r, and sk ,; and one species each for the other genera.Among these 19 genera, ve oidot1 nCe is the most destructive on tomatoesand possibly followed in importance by A'oqZechUZUr .'cr.,PIati eo:ln; spp. , .w7 cio 7nchz, spp. , and .... cbo4~,n)o;hw spp. Theother genera may be considered as minor pests of tomato. 

DISSEMINATION 

The nematodes affecting tomatoes may either be present in the
fields over long periods or they may be introduced or spread through
infested transplants, farm implements, and animals during farm operationswater such as surface run-off or floods; or by strong winds. Plantparasitic nematodes have also been spread by farmyard manure placed intomato furrows underneath the planting rows. 

ROOT-KNOT NEMATODES
 

TAXONOMY 

The root-knot nematodes belong to genusthe ... ' Goeldi1887. Taylor and Sasser listed 37(57) species of A' 7 h'1',nr and 7species were reported to infect tomato (Table 1). The International 
,,3, '. Project reported that the 4 species which cause seriousdamage on tomatoes occur throughout the world with ,.:. as themost common (59'X), followed by iv. j :.:, ,' L,. 7 , and it,' u a',,?with 28k', 8, and 4",, respectively (Table 2). Besides the morphologicalzharacters used for species identification (13), such as larval measurements or the posterior cuticular pattern of adult females, Taylor andSasser (57) developed the North Carolina Differential Host Test to
identify the above four species, as well as four races of m. iw7iand two races i,%'n ('Table 3). 

, ~'a,:, species deposit their eggs in a gelatinous matrix,formed at the posterior end of the adult female, that holds the eggstogether forming an "egg mass". M-lore than ,OO0 eggs have been recordedin one egg mass,although average counts range from 300-400. 
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Table 2. 	 World frequency of Aeloidonpzf. spp.
identified by the differential host 
test.a 

Species/Races 	 No Population

No.%
 

Al. 	 incogni ta 260 59 

Race 1 164 37
 
Race 2 
 57 13 
Race 3 26 6 
Race 4 13 3 

N. 	 javcmica 125 28 
N. 	 hap oa 36 8 
A. 	 rena -a 19 4 

Race I 

Race 2
 

Other species 4 

Correipondence from J.N. Sasser, Principal

Investigator, International !4eloidog.,iw
Project, May 31, 1978. 

Table 3. North Carolina miifiogyne differential host test identification. 

;-.II 	 Di fferential host pant cultivarsaspecies/races Tobacco Cotton Pepper Watermelon Peanut Torato 
N4. 	 in.kG 1't:a 

Race - - + + - + 
Race 2 + 
 + +  + 
Race 3  + + 
 -_ + 
Race 4 + + + - + 

Racel + + + + + 
Race 2 + _ 
 + _ + 

1". 	 ja 'alc'q + + 
NI. h 'aI/a + + _ + 1. 

(Tobacco cv NC95; cotton cv Delta Pine 16; pepper cv California 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 within 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 b 'omes cylindrical. Adult males, although
 
equipped with stylet, art not, nown 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 25-290C Al.incognita females attained the egg-laying stage 15 days
 
afte.r.-l arval .inocul ati on- of-tomato-seedl ings-and..a-majori,ty- produced,.
 
egg masses 18-20 days after inoculation. Field observations show that
 
leoidoq.ne females continue to produce eggs for 2-3 months. 

M. incognita, Al. javanica, M. arenaria, and sometimes M. hapla 
reproduce by mitotic parthenogenesis (i.e. with no meiosis during
 
oogenesis and the somatic (2n) number of chromosomes is maintained 
during maturation of the oocytes). The basic chromosome number of the
 
genus is 18,but populations of 1l. halia with haploid chromosome numbers 
n = 15, 16, and 17 have been found. The somatic numbers for M. Javanica 
are 2n = 43, 44, 46, and 48; Al. arenaria has 2n = 36 and 3n = 54; and 
t... incognita has 2n = 41-44 (59). 

INTERACTIONS WITH OTHER PATHOGENS
 

1. With Bacterial Wilt. Meloidogyne infections predispose tomato plants
 
to faster and more severe bacterial wilt, caused by Pseudomonas ,oZana-
OC PM E.F. Smith. Thus, David (6), using "Marglobe" tomato, reported 
25",wilting of plants after 1 wk and 75% after 2 wks following inocula
tion with P. , oianacw,, alone, compared to 75% wiltinq after 1 wk and 
100,'; after 2 wks following inoculation with the M. incognita - P. .solana
ceavur; combination. Napiere (3)showed that under both natural and 
artificial inoculation experiments, wilting developed 1-3 wks earlier 
on plants inoculated with the P. ooZananeavzvzn - Al. incognita combination 
than with P. ooZaaearuci 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. Similarly, Halim 
(18) reported that wounding of tomato roots by Al.aczita significantly
 
increased the incidence of bacterial wilt in both susceptible and
 
resistant varieties.
 

2. With Fun. Orion and Krikun (35) reported that resistance of the
 
tomato cultivar, "Gilat 38", was not affected with the inoculation of
 
M. ,'avzlrica and Vertioilliwn dahZlae but, in the susceptible variety, 
"Rehobot 13", wilt symptoms and vascular discoloration were increased 
after inoculation with the nematode-fungus combination. Where 
,.: .onma ,ozani was inoculated after A,.incognita had invaded the 
tomato roots and formed galls and giant cells, the severity of infection
 
was increased (16).
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Table 4. 	Percent survival of tomatoes inoculated with Pseudononas
 
soZanaoearun (PS) and Metoidogyne incognita (MI).
 

Treatment 	 Survival after 60 days

Yellow Plum Venus VC 48-1 VC 11-1 1169
 

PS 	 0 
 67 89 78 89
 
PS + MI 
 0 33 26 37 
 41 

PS.A+ MI...after 1. A0 30. 26 41--- 48 
MI + PS after wk 0 3752 26 48
 
MI 100 100 100 100 100
 

Control 	 100 100 100 
 100 100
 

ECOLOGY
 

Due to the influence of temperature, the predominant Aleloidogyne
 
spp. in the tropics are M. incognita, A. javanica, and Al.arenaria; A.
 
hapZa is limited to higher elevations. Peacock (39) reported that larvae
 
and eggs of MeZoidogyne spp. die in dry soil but can survive so long as
 
there in enough moisture to maintain the soil air at nearly 100% humidity.

It was also 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.
 
javanica was between 6.4-7.0, and inhibited below pH 5.2 (61). It is
 
generally 	observed that while Afleoidogyne spp. are found in a large

variety of soil types,maximum damage occurs on plants grown in light

sandy soils and very little on heavy clay soils.
 

CONTROL
 

1. Resistant varieties. Resistance to MeZoidogyne spp. may be due to a
 
single major gene (vertical resistance) or to a number of minor genes

(horizontal resistance). Plants with vertical resistance are either.
 
immune or hypersensitive (i.e. the larvae are killed after they start to
 
feed or when no giant cells are formed; 46). In resistant varieties,

galling and giant cells are rare, 
infection 	sites are necrotic, and few
 
larvae develop and produce eggs in contrast to susceptible varieties
 
where all infection sites are galled and contain giant cells, no 
necrosis,

larval penetration in large numbers, and mature females occur in 16-21
 
days. In " Hawaii 5229", 
resistance to M. incognita is monofactorial
 
and completely dominant and the 
same gene controls resistance against
 
Al. acrita, Al.a2,enaria, and Al. javanica (64). However, varieties
 
"Nematex", "Small Fry",and "Cold Set" each possess a single gene for
 
resistance, dominant in Nematex and Small 
Fry but recessive in Cold Set
 
(49). Fassuliotis (15) reported that all resistant tomato cultivars
 
possess the Mi gene and that they all derive their resistance from a
 
cross 
"Michigan State Forcing" x L~ycopemr.ion peytivianiun (PI. 128657).

This Mi gene for resistance, however, was shown to operate only at
 
temperatures below 280C (11, 
21). Tomato cultivars reportedly resistant
 
to the 4 common veZoidogyrne species in the tropics are given in Table 5
 
(2, 10, 15, 24, 30, 41, 53, 54, 64).
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'Fable 5. Tomato cultivars resistant to the common tropical
 
Neloidogy#ne spp. 

(Ve oidogyne arenaria: Atkinson, Hawaii 5229, Manalucie, Nematex, VFN-8, 

66 N, 569 N -10 

N. aaita: Gawaher (Giza 1), Hawaii 5229 

11. hapi.a :P. I . 270435 T.peuvianwn 

.. n nita: Anah u---Anahu R, 'Atkinson, Beefeate r B6efm6aeist-_Better
boy, Big Seven, Bigset (H), Bonu3 (H), Bw-21-FI, Calmart,
 
Coldset, Florida-Hawaii Cross, Gawaher (Giza-1), Gilestar,

Hawaii 7322, Hawaii 5229, Hawaii 7746, Hawaii 7747, Hawaii

55, Healani, Kalohi, 
Kewalo, Kolea, Manalucie, Merbein
 
Canner, Merbein Early, Merbein 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) Tuckercross K, Vine Ripe, VFN Bush, VNF-8,

VNF368, PI 270435 L. pep"iiartun, 66 N, 569 N - 10. 

',. jwanzla: Anahu, Atkinson, Gawaher (Giza-1), Hawaii 5229, Healani,
Kalohi, Nematex, VFN-8, Manalucie, 66 N, 569 N 10, L.
-
rcnmvianmum strains LPi, LP2 , LP3 . 

2. Chemical. Nematicides have long been used for the control of root
knot and other nematodes affecting tomatoes, and yield increases of 4
683 have been reported 
(7, 12, 51). However, these chemicals are expensive 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
nursery beds with methyl bromide,for example, at 2 .the rate of .49 kg/10 n

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 nematicides available in the world market that have been

used effectively against root-knot 
and other tomato nematodes. 

3. Cultural Practices.
 

a) Crop. rotation. For crop rotation to be effective in the control
of root-knot nematodes, the species and races of /.V(,,oado.q?7.-,,, affectingtomatoes must first be identified, the rotation crops must be immune orhighly resistant, and weeds, where mary Afoidoi#ic 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 before the susceptible varieties are planted. 
 In a
field infested with races I or 2 )f m. i oompi ta, arenlaia, M. ,ovan'ic",or V. hapZa, cotton is recommended as a rotation crop. However, if thenematode species present is not 14. hap/a or Race 1 of 1.!. araur.ia, a 
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Table 6. Some neraticides found 	 i~st r: and. 	 ,d 

Common narme CheI(i cai na'@.f Formul ati on."Cl assi fi cation 

u.rn~icants 

. DO .i ture 1.3-dichloreiropere 3, ,2-dichloropropane Liq., d EC/Nematicide 

.DC P .2-diuromo-3-clo.-oroane Liquid EC or Granular/Nematicide
 
3. 7DO 	 ethlene dibronmide Liaui d/Nematicide* ,athan sodium meth'l,!-ditniio-carbamiate Liquid/'iematicide 

5. .1r 	 methyl bror-ide Gas"Ne aticide 
B. 'Non-fumigants and systemics" 

6. 1ldicarb 	 2-methvi-2-(rneth-vlthiio)propionaldehyde 0-
 Granular!e!maticide/Insecticide
 
ihvhyI crmo.,'l oxime 

7. Carbofuran 	 ,-dihvdro_ L,2dimethvi-7-benzofuramvl Granulatr,/e;.aticide/rsecticide 
wethI carhamate 

S. Ethoprop O-ethyl S,S-dipropyl phosphorodithioate Granulari;Neaticide!/Insecticide 
9. Triazophos 	 '-ohenvl-.-0 .0-diethyl-thinophosphoryl Liquid E(. 'ranuar/Nem aticide/ 

,--,-iacole insecticide

10. 	Fensulfothion 0,Co-diethvi o-(n-methyl-sulfinyl)phenyl) Granular' eraticide
 

Phosphorothioa te
 
11. Oxaniyl 
 methl-N.,-dimethl N-(mnethyl-carbaniyl) 
 Granular, Liquid EC/Nematicide/
 

oxy)-1-thioxamidate 
 Insecticide
 

"Ref. 7, 12, 22, 23, 36-38, 51, 54, 57, 60.
 



susceptible tomato crop can be followed by peanuts, 
which are immune to
all known races 
of N. incognita, to N. ,-javanica, and to Race 2 of M.at,er.,aria (50, 57). Cereal crops, such as rice or corn, are also
effective rotation crops. 
 Netscher (34) reported strawberry as a good

substitute for peanuts, while Navarro and Barriga (32) 
recommended plant
ing '"agetesor cvotaZa2,ia after tomato. 

b) Summer fallow. Deep plowing of infested tomato fields during

summer, accompanied-by applications of farmyard manure but without irrigation, was reported to be effective in controljingroot-knot..andother.

.ePlto'desw ff t t es  
 58) Plowing at intervals of 2-4 wks
 
exposes the eggs and larvae to desiccation, and many in the upper soil
 
layers are killed (57).
 

c) Addition of organic manures. Chicken manure, applied at 7.8
t/ha, reduced root-knot nematode infection in field tomatoes by 50-55%,
and increased the yield by 43% (3,12). Although the actual factors

responsible for killing the nematodes are not known, it is generally

believed that the application of organic manures increases the build-up

of nematophagous fungi, predaceous nematodes, and other soil organisms

that affect the populations of plant parasitic nematodes.
 

OTHER NEMATODES
 

More than 60 other species of plant parasitic nematodes have been
reported on tomatoes but many of these have not yet been studied in

detail. 
 The following species probably contribute to losses in tomato
yields. The control measures given for the root-knot nematodes may also

apply to these nematodes.
 

Reniform Nematodes. /,!;w.r'cn ,'d:: is one of the most
commmonw~ide yd-istibu-ted nematodes in the tropics. 
 It has a wide host
 range with a high reproductive potential on 
tomato and other suitable

hosts. Its population density, even on acidic soil 
with pH 4.5, is

usually very high. 
 The damage is more serious to tomato seedlings than
to older plants. It reduces both top and root growth, is capable of

causing significant yield reductions with populations as low as 100/pot,
and it inhibits population increase of ,..i,-,yjni or ,V.l ohi o, whenthese nematodes are together (25, 40, 52, 63). 
 Itwas shown that Pi.


<',rr;,.i-
is mainly a phloem feeder and that infested tissues show
hypertrophy, hyperplasia, and giant cells (55). 
 All the common tomato

cultivars in Egypt were reported by Oteifa and Osman (36) 
to be suscep
tible, except VFN-8 which was moderately resistant. A strain of
 .. j, (P.I. 375937) was 
('42)' to have consistently shown a high degree of resistance among 10 
cultivars tested. 

,,':',u riu: reported by Robois et al. 

Root-lesion Nematojes. Table I shows 6 species of Py. u/i;hu;n
affecting-toatoes.. Amng these, however, P. p,-!tww is probably themost important and well studied. All lesion nematodes are migratory
endoparasites and cortical feeders. 
 They destroy arid kill plant cells

during feeding, causing lesions 
or necrotic areas. Althouqh populations

of Th,,t. Zihu are high as M'io. omusually not as .. or Po tu 7 ohuZ ;,they are equally 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. Inooin a. When P. pen trans and j. 
lnwogfita 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.
 
TZenchorhynchu. spp. , HeZicotyZenchla caveness.i, H. microlobus, H. 

a nd~Pa~atyiena? poject-uq-des troy feeder- roots-and ca use 
lesions on large tomato roots, resulting in chlorosis, stunted growth,
and reduced yields (20). Heiicotzjlenchus nannw, was reported by Libman 
etal. (27) to be almost as effective as M. hapZa in predisposing infection 
and developing 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 DoZicldoyus heterocephalus,resulting in poor 
seedling emergence, retardation of growth,necrotic lesions, and stubby
 
root conditions. Tomato roots affected by T2ichodorus christiei, T. 
minor, Lwon7idorus elongatus, and L. attenuatu. lack root cap or region 
of 	elongation, and also show stubby characteristics. In addition, L.
 
elonaatt and r_. attcniiatzw serve as vectors of tomato black ring virus, 
!h (!ic"yl.ihpa cnaria and Xij.'inema dive 'sicaaudatzva 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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DISCUSS.ION-SESSION II (MORNING).
 

Rejnard: I 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? 

Yang: I don't recall Nematex as being resistant to bacterial wilt in 
our confirmation tests. 

Sunarjono: I would like to make a suggestion. After looking into your
 
success in screening 
for bacterial wilt, I 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. I
 
suggest that you please conduct screening in our country so that you can
 
get more valuable and fundamental results on resistance to late blight. 

Muthukrishnan: What is the frequency of leaf curl occurrence in southern

T-aiwa?-- Fo-c erxaml)le, in southern India it is the predominant virus
 
disease affecting most tomato cultivation.
 

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

Volin: 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?
 

"(qanig: 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? 

Yanq: 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
 
ifolatan and Bravo widely on tomato in California and they greatly


minimize black mold.
 

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

Johannessen: It occurs at different times. If tomatoes have sunburn
 
and thie'iTa-nt 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.V--W--iparisonwith the standard virus which is kept in our institute. 
Caldwell: After using attenuated TMV-virus, the more virulent type Istrai" S2 appeared in toma to.plantsr cariry.ing. tFle.,Tm-.1 -genp .-... Could-ther "i6§ad inoculation of the avirulent strain have provided the opportunity for selection of type 1 mutant occurring at a very low rate inthe population, as has occurred with the MII-16 avirulent strain inEngland? Are there plans to use a cultivar with all 3 genes for TMVresistance (rather than only TM-1), 
since this would require an unlikely
triple mutation of the virus pathogen for resistance to be overcome, andthereby would protect all 3 genes for resistance? 

Oshima: Japanese attenuated virus did not give rise to such a virulentfo because the method by which the attenuated virus was made is different from the method in The Netherlands. Our strain was made by heattreatment, and the Netherland strain (MJI-16) was made by the mutagenicaction of nitrous acid. Attenuated strains of TMV which I made by
the action of nitrous acid also resulted in mutation 
 t.o the severe strain.I think seed companies p1an such tripie-resist,ant cultivars, but I dun tknow what genes their cultivars bear because Japanese companies do riotpublish it. In my experiments with hybrid tomatoes bearinntwo or threeTMV-resistant genes they were more resistant against TMV strains thantomatoes bear 4 ng only one TMV-resistant gene. 

Villareal: What are the prevalent races of . . in tropical Asia, 
V'aldez: We still do riot know. The information from Dr. Sasser aboutthe means of distinguishing these races through differential hosts came
only about 3 months ago, therefnore, we 
 have not worked this out. Themain problem, however, in tropical Asia is that there are very few neirmo-Lologists, probably only one or two in each country. I hope there willbe many more take up pema tology so the prohlem you raised can be answered 

Stevens: Do you know if the Mi gere cnnfei' re;is ta )ce to ot.her genera
of nemna tode that are important on The tomato?
 

Valdez: No. Mention in some literature indicated that the Mi gene is animportant source of resistance to root-knot nema tode. But whether itcan confer resistance to other genera of nematode,,, I am riot aware, 

Sunarjono: Organic manures can control root knot nematodes in tomatoes.Experimental results in our country indicated that stable manures in-creased the p)opulation of nematodes. What kind of organic manure can beused arid how do You apply it? 

Valdez: Chicken manure is the most extensively used organic manure inthe Phil ippi nes. Our repeated surveys show that nematode counts werevery low in areas where it is nmost used. It is rnot definitely knownwhether chicken manure has this nemiaT Lode reducing action. We think thatchicken manure is a good medium for the multiplication of rienImaLophargusfungi which trap the nematodes, thereby reducing the population. 
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Ruelo: In my integrated control work I used nematode-trapping fungus 
and u ed chicken manure as its substrate. It had a physiological effect
 
on the tomato which I suspected made the plant tolerant to nematode
 
attack. Whenever chicken manure substrate was used, the tomato plants
 
showed vigorous growth and good yield.
 

Olifernes: In the interest of plant quarantine, may I know if Hetero
dera, spp. also attack tomatoes? If so, do we have the nematode already 
around our fields previously planted to white potato and now planted to 

-. .toma toes" in t he-Ph i-li'pp ines? 

Valdez: Not all Hc~terodera spp. will attack tomatoes, but the potato 
golden nematode, now known as globodera, will aso attack tomatoes. This 
nematode is not yet known to be present in the Philippines. 
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EFFECT OF EXCESSIVE WAIERj CULTIVAR, COMPOST, AND
 

BENZYL ADENINE (BA) AND PERFORMANCE OF
 

TOMATO PRODUCTION ON TWO SOIL TYPES
 

John N. Hubbell, Jr., R.D. William,
 
S.M. Lin, Y.C. Roan, and H.A. Hsua
 

INTRODUCTION
 

Tomato, a popular vegetable in Asia, is a source of income to small
 
farm operators and contributes to the nutrition of the consumer (8).

However, tomato supply during the hot, wet season and, hence, the 
contribution to Asian nutrition from tomato are limited. Because the 
supply is limited, the price is high and the economic potential increases. 
In Taiwan the supply drops from over 5,450 t/mo in Mar to 227 t/mo in Jul
 
with reported farm-gate prices of US$55/t in Feb and US$474/t in Jul
 
(Fig. 1) (11,12).
 

During the hot, wet season in the lowlands, high rainfall and con
sistently high temperatures cause low yields due in part to poor fruit
 
set, high disease incidence (especially bacterial wilt, Psezdomun.cia 
* ,ofl;i;,.,PJ'?;1), and excessive water. Improved cultivars that resist
 
local strains of bacterial wilt have been released (4,14).
 

Based on data from 73 countries, approximately 67% of the land in
 
the tropics experience annual rainfall greater than 1000 mm (7). Tomato,
like most vegetable crops, requires well-drained soil to maintain soil 
oxygen levels adequate for growth and development (15). Stolzy et al.
 
(9) demonstrated that photosynthesis in tomato was reduced 50% in 8.5 hrs 
when oxygen in the soil was replaced with NI in a gas mixture. The growth 
rate of tomato is reduced sharply when soil oxygen concentration levels 
remain below 10' for one month (6). The heavy rainfall experienced in 
many areas of Taiwan increases southern blight (,5 ,~mo -u' olft f ). 
Studies conducted in central Taiwan (5) indicate that the oxygen 
concen
tration in the soil atmosphere was reduced to approximately 4% in the 
top 15 cm of soil when 200 mm of rain fell during 5-day periods. At
 
concentrations of 2%, tomato plants wilted severely and yields were
 
reduced.
 

To define hot-season conditions for tomato production, we required

that the mean minimum temperature not fall below 220C. After comparing
 

"'AVRDC Crop Management Specialist, Extension Vegetable Specialist and 
Assistant Professor, University of Florida, and AVRDC Research 
Assistants. We gratefully acknowledge the assistance of Peter H. Calkins 
of Iowa State University for providing aid in methods of economic
 
analysis.
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Initial studies in management at AVRDC (2,3) indicated that cultural
management practices should include raised beds, (30 cm) with compost
(20-40 t/ha),in the center, prepared by buffalo and followed with an
application of rice straw mulch (5-10 t/ha) to prevent soil 
erosion and
soil compaction. For determinate tomato lines, staking or trellising
dil not promise to increase yields significantly over simple mulched
 
plots. .Mulch-adequately _serves-to-separate--the-fruit-from-the-moist

soil when the fruit is harvested at the mature green stage. Physiological
* 	 experiments in the greenhouse suggested that benzyl adenine (BA) might

ameliorate the effect of excessive water .(3).
 

MATERIALS AND METHODS
 

After considering the cultural management practices, we selected

certain factors about which we needed economic data in addition to yield
data. 
 We conducted a set of summer tomato production trials 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 trial was
repeated in two locations - at AVRDC on 
loam and at nearby Shanshang on
sand. The soil 
analysis is shown in Table 1. Main plot treatments were
arranged factorially. 
One main plot factor was with (to represent the
wettest locations and/or the wettest months) and without excessive water;
and the second was with and without BA. Based on results of the late
wet season plantings, we replaced the BA treatment with a locally available connercial foliar spray, BASF Fetrilon-Combi, containing 4% Mg,
1.5% Mn, 1% Fe, 0.5% Cu, 0.5% Zn, 0.3% B, and 4.3% S, and applied at the
rate of 1 part Fetrilon-Combi to 1000 parts water by spraying until 
runoff at 1,3,6, and 9 weeks after transplanting. Subplot treatments were
cultivars -- CLIld and White Skin (WS). 
 CLIld 	sets fruit well under
high temperatures. WS requires spraying with a fruit-setting hormone
and staking, pruning, and tying. These operations add to the production
costs. Sub-subplot treatments were compost --
with 	(20 t/ha) and without.
 

Table 1. Soil
properties of loam (AVRDC) and sand (Shanshang) plots.
 

pH E.C. Organic Total N K20 P205 Sand Silt Clay

(miho/cm) matter()(ppm) (Z} -......(%) (pPM) -......-

----	 ------------------ Loam ....................
 
6.1 	 0.90 0.84 0.05 281 124 38 35 27
 

-
 San-nd 	.....-.- .......
 
5.2 0.03 0.68 0,04 188 104 92 6 3 

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

1. AVROC's CLIId 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 producti on on sand produces netssystel hi gher-y ield. and 

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 early 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 recomnended by AVRDC for the tropical rainy season
 
were followed except in the treatments requiring deviations from
 
recommendations. WS was staked and CLId 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 ,cond flower cluster, and Jul 6
 
after the third harvest. The compost ,'eatment 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, 5,00 and 0.23% K20. BA treatments consisted of spraying 50 ppm

BA on foliage 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
 
later.
 

We recorded cost of materials and labor required for operations

(i.e. applying compost, staking and pruning, applying fruit-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 May 1978, one yielded 
one harvest, the other, 4,
 

before succumbing to southern blight.
 

YIELDS
 

Cultiva r" TheyieId'of 'CIid'averaged 38 and 31 t/ha 
or 1.4 anid
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
CLIld. 
 The 1978 yields were much lower, but once 
again CLIld's yield
represented a highly significant increase over WS. 
 The yield of CLIId
 
was 3 times that of WS.
 

Table 2. Means ofyield (i/ha) by treatments - water ,cultivar", and compost" -for summer tomato production on loam at AVRDC and sand at Shanshang, 1977.
 

-.- . ....-..-..-..-..-..-..-..-Loam -....-..-..-..-..-......-.. 
32 

Excess Water 
 No Excess Water
CLld 26.7 
 4S 
 CLd 38.0 WS
 

20.5 
 24.9 
 46.6 
 29.5
Co NoCompost Co ost No Compost oms NoCompost 
 os NoCompost

31.1 25.8 30.6 19.2 50.8 
 42.4 34.5 24.5
 
-- -------------.--.--
- Sand .....................
 

Excess Water 
 26 NoExcessWater
 

CL1ld 24.3 WS 
 CLi1d 28.3 
 WS
 
28.7 
 19.9 34.3
h o st Cms No Compost 22.3
Ls NoCompost Cp NoCompost


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 ..............
 
Excesswater* Compost*
 

Cutltvar* Yes No Yes 
No Means
 
WS 25 29 33 22 
 27
 
CL11d 28 47 
 41 34 38
 

Means 27 38 37 28 
 32
 
-- ----- ---- --- Sand ..............
 

Excess water* C --

Culttvar* Yes No Yes No 
 Means
 
WS 20 22 15
27 21
 
CLlld 29 34 40 
23 31
 

Means 22 28 34 19 26
 

]tEdr1CTIotiS: CULtIAR X WATEIP ON LOAM AND CULTIVAR X COMPOST? 
fonSAND 
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Conpost. Applicat. ion of couiipoOst caused a hiqhl sigriifi cant increasein yield. Yields for composted l;t, wcr 0 37 and 'thi, 1.3 andor 
1.8 times those olot<; not reccei vii cominost in hed cenft',r on loam and 
sand, respectivl_,ly (Tale 3). Trihc-), i se- were hih lv si,nnificant. 

gainf , the 1971" trial roe,] ted in ri a, - Si<ri ifirc rit differences 
het;een means for coinposted (Ind lorl--T,.. tad alOt,") ([Aantr 

Table 4. 	 Means of yield tIha hy ccrpc t arid cultivar 

treatments on sand, 1373. 

Cult ivar 
_Coost means 

Cultivar Yes No
 

CLd 6.2 3.4 4.8
 

WS 2.1 1.0 1.6
 

Compost means" 4.2 2.2 3.2
 

Water. Exctss water caused highly sicqni ficant reductions in yield, 
as expected. Accord ini to Table 5, sand as commared to loani had, under 
normal rrdir ionns, ,liqhtly higher oxygen concentrations. And 24 hrs 
a fter ces iwater , sand exh hited a smaller drop in i)iotcen-t of oxygen. 
Cocmo sfted l lot averaged hi qher oxygen con centration in loai at 4 and 
24 hr itir treatment. Also, excess water caused hiqhly inificant 
wi irig oi le !)lit [nut on sand (Tahle 6). The addition of cemnost 

i iliI i,ificlant reductinn in numbehr of wilted plants. 
mu,,i'atoro< (It 5 and 1 crmdepth" were the saraM in cumllIsted and -ion
,i:,os 'i: ~ nlot;. Ne cnncl uded that, in the lam plantinos, conmost 

r, rdjced the dro in O:Kyg(.r conc-ntr'ation calusl ,'/h .:cp motor. 

Tale S. 	 Oxygen concentrations *. in loam and sand profil-s 24 hrs after 
application of 200 mm of 'ater. 

Treatments 	 Depth
 

'ater Compost F-10 cm 1-20 cm 2 -3cn 30-1. cr Averaqe 

. . . . . . . . . . . . . .... . L o an- - - - - - - - - - - - . ... .
.. .
 
N, ti 19 17 16 15 168 
N" YEt 21 19 14 15 17.4 
YOS NO 0 0 13 15 6.8 

YL YES 0 6 12 15 8.3 

- -S-nd----------- Sand ----------------
NO NO 21 20 19 16 19.0 
N0 YES L1 20 18 17 19.1 
YLS NO 21 20 14 10 16.3 
YES YES 20 i 14 13 16.3 
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Table 6. 	 Means of percent -f plants wilted 7 days afer 
first 20( mm excess water trpatment, silt -, 1977. 

Excess Water Compost means*'
 
Compost Yes No
 

YES 15 4 	 10
 

NPO 28 10 	 19 

Water means- 22 7 	 15
 

1/ 	Sand planting had on the average less than 1percent of
 
plants wilted.
 

Soil . Y ields on loam were gleneral] v hi gher than those on sand. 
Pedu'cti on in yield due to excesive water was es(s on sand. Increase in 
yield d-, t.o coni)ost, was greater on sand (Table 7). This, suggests that;
W(Ifr- " !illy cond iLions, sanld will provido better drain'age and aerati on 
i 9t I i t, lJus t be ir c reased to for lower initialfert levels onmpenIsc to 

*i! fort I i ty and for-rea-ter Iear(hins( of , tr-ient,,. fr),ol the soi 1.
 

Table 7. t.!eans
of yield (t/ha) by water and compost treatments for 
loam and sand, 1977. 

....... ....... ...- Loam ---- -------------


Excess 4ater Compost means**
 
Comoost Yes No
 

Yes 	 31 43 
 37
 
No 23 33 	 28 

Water means* 27 38 	 32
 

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

Excess later Compost means"
 

Compost Yes No 
Yes 31 3 34 
No 17 21 19 

Waler means* 24 28 	 26
 

BA and , ftr Ilon-f.oinbi . kA faiil(d to have a signi ficarit effect on 
yield in)01,l 1a,7-t <Iasoen. Because yields were generally lower 
M sanid, w.;etr id ' Fitri 1cn-nhi the earl y-wet 197/I lantirnooinq i n ... 
"ea son . It. had t, tfJ fect C-n the vie(d. 

IEI BEN 	 FIT 

Cu tivar ." 11t felefi t wa'; a, lculated as rvnu,retj(, less variable 
co'Its, where revnue equals Ilrt yield tines farin-ite [)rice. The costs 
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associated with cultivar WS for staking, pruning, tying, and spraying
with fruit-setting hormone averaged US$1167/ha; with compost, USS132/ha.
Labor and water for excess water treatment was not considered. The
price of WS in Nov 1977 was USS264/t. Local wholesalers offered


-Uue$t(3t0/.t (for pi di-ff as* due t'0'o th appearancepCpLed.anTe 
of CL11d and (2) CL1Id not being known on the market. Whether CL1ld is
capable of commanding a future price comparable to WS depends on 
the

consumer's acceptance of its appearance and flavor. 
 Fruit size may be
 
a factor in consumer acceptance. Individual fruit weight of WS was 1.4

times that of CLIld on 
loam and on sand for the Aug planting, a highly

significant difference (Table 8); but there was 
no difference in fruit
 
size for the May planting. 
Although the yield of the Aug planting of

CLild 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 CLIld on loam (Table 9). The difference in net benefit due to cultivar
 
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 CLI1d was 4 times that of WS (Table 10).
 

Table 8. Means of average fruit weight (g), by cultivar, water,

and compost treatments on loam and sand, 1977.
 

- -------------- Loam ..............
 

Excess Water** Compost* 
Cultivar** Yes No Yes No Means 
WS 48 52 52 48 50 
CL1ld 32 40 37 35 36 

Means 40 46 45 41 43 

Sand ...............
 
Excess Water" Compostns
 

Cultivar*" Yes 
 No Yes No Means 
WS 40 43 43 40 41a
 
CL11d 27 33 
 30 30 30
 

Means 34 38 37 35 
 36
 

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

Compost. We concluded that compost more than pays for itself.1978, the application of compost increased net benefit by US$1800 and 
In 
by

US$2600 on loam and on sand, respectively (Table 11), highly significant
increases. 
 Also, compost increased net benefit significantly in 1978

early-wet season. 
 There was a significant interaction between cultivar

and compost. Both cultivars benefited from compost, but WS benefited
 
much more that did CLIld. 

Water. Excess water caused highly significant reductions in netbenefft i-n the late-wet season plantings, but not in the early-wet 
season. As with yield, reduction in net benefit due to 
excess water was
less on sand (Table 12). The addition of compost reduced the bad effects
of excess water in both soils. 
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Table 9. s of reansnet benefit (USS/ha) by treatment- water cultivar b and om/ost£for summer tomato production on loam at AVROC and sand at Shanshang, 1977.
 

- - ....... - -- --------
 Loam ........ ............
 
Excess Water 5200 Nio
Excess Water
 

CL11d 4300 WS 
 CLd 6100 WS
 
3500 5200 5800


Compot No Compost No Compost 
6400
 

Com No Compost No Compost
 
3700 3200 6600 3700 6300 5300 
 7600 5100
 

------------ Sand ......................
 
Excess Water 
 4000 No Excess Water
 

CL1d 3700 WS 
 CL1ld 4300 WS
 
3500 3800 
 4200 	 4500


Compost No Compost Compost No Compost 
 Copost No Compost Compost No Compost
 
4500 2400 5300 2400 5300 3100 
 6100 2800
 

a/ for loam and sand. b/* for loam, NS for sand. c/ - for loam and sand.
 

Table 10. M4eans of net benefit (US,/ha) by cultivar, water, and
 
compost treatments on loam and sand, 1977.
 

- -------------- Loam
 
Excess ';ater" Compost*
 

Cultivar* Yes Yes
No No Keans
 
VS 5200 6400 7100 4400 5800
 
CLild 3500 5800 5000 4300 4600
 

1Weans 4300 6100 6100 4300 5200
 

- ------------- Sand ..............
 
Excess ilater . .Compost"
 

Cultivarl Yes tLo 
 Yes t;o tens
 
3800 4500 5700 2600 4200
 

CLIld 3500 4200 4900 2800 3800
 

Ieans 3700 4300 5300 
 2700 4000
 

Table 11.	14eans of net benefit (U'a/ha) by compost and cultivar
 
treatments for sand, 1978.
 

- ------------- Sand ..............
 
Compost Cultivar means"
 

Cultivar Yes No
 
CL1d 1207 717 962
 
i/S 292 192 242
 

Compost means- 749 454 	 602 

NTFP A(TIOt: 	 CUL TIVAP Y COPPOS7 
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Table 12. 	Means ofnetbenefit tbOS/ha) by water and compost 
treatments forloarandsand, 1977. 

-- --- Loan- --..............
 

Excess l'ater Compost means-
Compst Yes No 
Yes 5200 7,20 6100 
No 3 . .20 4300 

Water means** 4300 5100 5200
 

-.- .-..........--- .. Sand -......... 
Excess water Compost means-
Yes No 

Yes 4900 5700 5300
 
No 2400 3000 2700
 

Water means- 3700 4300 4000
 

Soil Net hen0efit for plots on loam were generally higher than
that f_r plots on sand. 

BA and Fetrilon-Coibi. Because BA and Fetnilon-Com[bi failed to
 
nave effects oiyield, weJ(
-concluded that they would not be effective ininc rea si n net benei. 

C.PPI SO N OF TOMATO PRODIJCT IORNSYSTEMS 

We selected the production sysce, which incluided comoost, CLi1d,

,Ind no e_,., wecater, for compa ri son with other 
 tomafto oroducti on sys tems
in oi',(. [or' that system, the ,averaae yield in th1 late-wet season

waIs ;A t/ha. Laio coAsts were cal cola ted wi thi cuirre nt waqes at AVRDC,
.hich are lower tha those in major veqetalel roduci n areas. Accordi n 
to AVDC survey data , the other f resi mailrket tomato iroduction systems

spent more on s ta iiq, fertilizers , and I)e 
 tic ide, , and motr, on labor
 
and r;Ped lore la,om. The AVODC contract fa rIlers who plant process i11q

tomia toe- , in Oct have expenses cmpa rb
1 e to Ihose iivol ved in qrowi nq
 
tIe determinate CL 1Id (Table 131.
 

DI SCUSS I ON 

CONC LUS IONS 

Cul ti var. CLI ]d outyields WS ; but because of the 	current price
difference, -. S is more pirofi table than CL IId at the end of the hot, we!
season, if pl anted on loam. rjL] Id is more profi table durinq the hot, 
wet season. ,:lection of a cul tivar determines the tomato prodir tioi

/stem u,.d. Ar inde teriminate cul ti var 1lke !,,'S requires more i. ria 
alld 1lhio . If lailoi corut i iue, to increase in (oI t , or r lecome,uiavail
able. CIA1d or ,i , i or' u1t. i valr will prove lnro'e profitahle than OS 
underr !I ' ordilijorm. 

fiiimpoi t. . App Iic(ation of 20 l:/ha of coipost in bed 	 centr- is a 
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-- -- -- --------- -- ----- -- -- -- -- -- -- -- -- -- ---- -- -- -- --

rable 13. Production budqet furm' r tomato for AV9i}Cantd local mar:o,, nt sy ters. 

a c F-- ----A b 


Yield (ton/ha) 


,te £r,.:n,,ua TaIpei Nantou Preces sng 
51 69 40 26 53
 

Price (l ,,'ton)13K 100 370 330 
 33

Revenue 6,C30 6,939 14,939 6,451 1,753 

Expense fUSS/h)a;
Material 941 2,486 1,hZ3 3,377 388 
Labor F54 5,009 5,355 4,858 793
Other 0 538 204 180 
 188

Total 1,825 9,033 7,182 
 8,445 1,369 

Netreturn 4,H05 - 1,094 7,774 6 384
 

aCrop managerent data, U)ld planted with compost August 25,1977.
 
bAVROC survpy latd,1977.
 
c Oplana. 
dAVRO,contract farmers winter 1977-1978. 

"r(ative 
3r) - ovo 

, 9 ow rio rmut w.1hich increases yield and net benefit by9) . 

,.,.Jlater. C1mpost, and choice of soil, and perhaps cultivar can,IL( onr ae the effects of excess water. 

i, FA,. _.HD[PECT IONS
 

l- ar. CLI Id is superior in heat-tolerance and yield 
to WS butito cniriatd ,; hitih a farm-qate irice. We raed t determine if thisdliF f-r I,; j 1, to ctioaranuc'-ri ctics such as fsru it siizve, -', color,t:c. , ')r. , tt,, [] d i, an urifar li1l ar colllinod 1,,. If the latter, ca
(I r,a 1p ti
lo fU(1 I Cuc tiV ucctiar IssfuY t o theyl ionfonlr?tla f-(IIr tr,o rrr 'r od toif devFrlO, a cul tivar 
If 

ft,, t r'ior 
wh ico , ill -at~ itonhe .l.-tol eranu ir i t,>fruil-sO tinq alilitv and vi old,

jirclt4de-, de, iratle fruit tastr,t;ize, or whatever iS ]ack 1110.
 

C t1"o; t . Of 
 the, al,rr!) n( nt p a ticee r;ali n t'r(! l c riy
lati rr coil.ost in l center 
 is worthhilo. Thorf, i, need to identifya:tlro;1iate and fecorlolii, i m0.hod; of cnrrencinm it). 0 ortility due to
IaftI:rimir in the w(et searioni or due to choic, of oi.
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ROLE OF TOMATO IN MULTIPLE CROPPING
 

INTRODUCTION
 

Tomato is 
one of the most popular vegetables in Taiwan. Although
wild tomato was first found on 

cial 

this island long ago, the improved commercultivars were introduced from Japan in 1895, and the tomato research 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's to 8,146 ha 
in 1976 and 199,391 tons of total production - 60% fresh-market and 40% processing tomatoes. Most of the
fresh market tomato is growr winter to 
spring on paddy fields, and the
processing tomato is grown mainly on 
the upland fields of southern Taiwan. 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 cool 
highlands or
on shifting paddy rice fields. 
 Recently, a strong export market has
encouraged rapid expansion of processing tomato rotated with sugarcane

or sweet potato in the southern highlands.
 

'his report ,i,I introduce Taiwan's present tomato crop 
seasons and
cropping patterns, and discuss the problems of adopting tomato in multi
ple cropping systems.
 

TOMATO SEASONS AND CROPPING PATTERNS IN TAIWAN
 
The crop seasons are based on 
the fruit producing periods: spring
(Feb-Apr), summer(May-Jul), autumn(Aug-Oct), and winter(Nov-Jan). The
transaction volumes and average prices of fresh market tomato in the

different seasons are shown in Table 1. 

SPR ING TOMATO. 

Sowing : Early Oct
 

Transplanting : Early Nov
 

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

Director, Taichung District Agricultural Improvement Station, Taichung, 

Taiwan, ROC.
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Table 1. 	Transaction volumes of tomato and average
 
prices in different seasons; Taiwan, 1972-77.0
 

Crop Transaction volume Average price
 

-1000 t-	 -US$/kg-


Spring 8.8 41.15 0.066
 

Summer 2.0 9.54 0.152
 

Autumn 	 10.12 ... 2.2 	 . . 233 

Winter 8.4 39.19 0.109
 

aRef. 4. 

Most fresh market tomato is produced in spring. Japanese or locally
 
bred medium to large tomato cultivars ("Hokan 3", "Nongyou 505") are
 
commonly planted. Since the cool dry weather makes tomatoes grow without
 
too much difficulty, high yields of good quality tomatoes (which bring
 
low market prices) are characteristic.
 

There are two patterns for fresh market tomato (Fia. 1): double
 
cropping on rice fields, and single cropping on rice fields. 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 such cases, the rotation pattern will change as follows: 2nd rice 
crop (Jul-Oct) spring fresh market tomato (Nov-mid-Apr) - cucumber, 
kidney bean, or cabbage (mid-Apr-Jun). This cropping pattern is the 
same as the single rice and tomato pattern. So, these two patterns can 
he applied accordinq to the favorable market price. 

Second rice crop First rice crop Second rice crop-

A-- i -- *A- &- i
 

Spring tomato
 
A-- 0 

SprinL, tomato
 
A--

Cucumber 
A Planting 

Chines.c cabbage 0 Transpaintin(l 

N Harvesting 
Kidney bean .... 

[., A S n , IJ F M A ,1 J ., A S n r B 

Fig. 1. Spring tomato cropping patterns in Taiwan. 
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SUMMER TOMATO.
 

Lowland 
 Highland
 
Sowing Mid-Feb - Early Mar 
 Late Mar
 

Transplanting: Mid-Mar 
- Early Apr 
 Late Apr
 

Harvesting . Early May, or Early Jun EarlyJ l- LateAug 
- Late Jun or.,Early Aug 

Summer fresh market tomato is mainly distributed on the highland
Daddy fields. As it is difficult to grow tomato 
in the lowlands during
he hot-wet summer, farmers in the cool highlands replace paddy rice with
summer tomato for increased income. 
Heat-tolerant and disease-resistant
cultivars, "Paisu", "Nongyou 4",,Kyokuko", 
are normally planted. After
one year of the summer tomato (late Apr sweet potato late Aug) - corn, cabbage,
(Sep-Dec or next Feb) pattern, the field will 
be put back
to double cropping rice for 

diseases (Fig. 2). 

2 or 3 years in order to control soil borne
However, summer tomato is also planted on the lowland
paddy fields in Changhua, but the planting time is about one month
earlier than in the highlands. 
 Because of high temperature and excess
moisture during the fruit setting period, the application of plant growth
regulators 
is required for the above-mentioned cultivars in the lowlands.
The hormones, para-chlorophenoxy acetic acid 
(Tomatotone) or 2,4-D, are
sprayed on 
the flower clusters at flowering. 
 Besides, mono-cropping on
paddy fields, 
some summer tomato is interplanted on 
the perennial leek
fields by the specialized vegetable growers in Changhua county.
 

Sunnier tomato 

Hlig(hl
and 0 Corn 

Cabbage
 

Early suner tomato Second rice cro)a ---0 1 0.. --------


SuInTler tomatoLowlaLnd
Lowl -oarid

Pea 

J A S G rI DN r M A M J AJ S 0 N 
 0 

Firl. 2. Summer tomato cropoinj patterns in Taiwan. 
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AUTUMN TOMATO.
 

Lowland 	 Highland
 

Sowing : 	Late May - Mid-Jun Late Jun 

Transplanting: 	Mid-Jun -Mid-Jul Late Jul 

Harvesting : 	Mid-Aug or Mid-Sep Late Sep - Mid-Nov
 
- Early Nov
 

In contrast with summer tomato, the autumn tomato is adversely
 
affected by high temperature and/or excess moisture before fruit-setting.
 
Special cultural practices with plant growth regulators are used in
 
autumn. Instead of planting the 2nd rice crop, autumn tomato is grown
 
on lowland and 	highland paddy fields as mentioned above (Fig. 3).
 
Sometimes, the 	harvesting period continues to next Jan on the lowlands
 
whenever the price is high. Newly developed determinate cultivars by
 
AVRDC can be transplanted in mid-Jun and have a short harvesting dura
tion, about 35 	days from mid-Aug to early Sep.
 

The most common cropping patterns with autumn tomato are first rice 
crop (Feb-Jun) 	- autumn tomato (Jun-early Nov or prolonged to late Jan),
 
and first rice 	crop (Feb-Jan) - autumn tomato (Jan-Oct) - winter vege
tables (Nov-Feb). Autumn tomatoes, row interplanted simultaneously with
 
other vegetables such as green pepper and cauliflower, are planted on
 
raised beds in Changhua. The field should be put back to paddy rice
 
after one or two years of tomatoes in order to restore soil f,rtility
 
and control diseases.
 

Autumn tomato
 

Highland First rice crop
 

AAu
 

utun to man 

Autumn tomato
 

Lowl.nd First rice crop
 

Pea 	 Paitsai
 

J A S 0 N D r M A 1-1 1J J A S n N D 
J 	 -I I I I I 

Fig. 3. Autumn toflnato croppiun patterns in Taiwan. 

I 
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WINTER TOMATO.
 

Fresh market Processing
 
Sowing Mid-Aug Late Jul - Late Sept
 

Transplanting: Mid-Sep 
 Late Aug - Early Nov
 

Harvesting : Mid-Nov 
- Late Jan Early Dec Mid-May 
or Mid-Mar 

Tomato is not grown in the highlands during winter due to low temperatures. 
 The period nf fruit setting in winter is subject to relatively
low temperatur-s (15-200 C). 
 In order to obtain large, high quality fruit,
the Japanese cultivars "Hokan No. 
1-2", "Kyokuko", and "Hikari", or the
local cultivars, "Nongyou 707" or "505", 
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 summervegetables, 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). 

Vegetables
 
First rice crop
 

Fresh market tomato -


First rice crop

Early processing tomato A--- 0 

Standard processing tomato 
 Intermediate rice cr 

Late processing tomato Second rice crop
 

Corn, sesame 

M'inghean 

Wa terme l on 

J A SF M A. M, dJ A S 0 N D 

Fig. 4. Winter tomato cropping pattern in Taiwin. 

171
 



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.amonocrop-rotated wi~th-other-uplando-cropsj, such as-corn....
imungbean, sesame, or watermelon, or interplant between rows of sugar
cane. For extending the supply of raw materials 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 TOMATO 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 programmedas either 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 maximum 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-Mar 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 2-10j increase
 
in sugarcane resulted when residual 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.
]4- Sugarcane 

T~omato
 

1.20 m
 

b Intercroppi ng 
as a tall plant,
 

~- Tomato 
Green Pepper
 

0.l6 1.80rm ,M 0.6rn 

Fig. 5. Tomato intercropping.
 

Continuous vegetable production on the raised bed with furrows for
in-paddy drainage isusually 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 (niedium)
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 isseldom observed. 
 On the other hand,
relay-intercroppiig on raised beds inintensive vegetable farms iscommonly

adopted.
 

Vine vegetable crops, such as 
peas, asparagus beans, kidney beans,
etc., are interplanted 2 weeks before the end of tomato harvest to utilize the stakes already set. Other vegetables, such as cabbages or cauliflowers, 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 ian-hrs/ha to produce fresh market tomatoes in winter. 
This is about 8 times the labor needed in the first rice crop, and about 

- -"-ti mes the labor-of competitive vegetabless uch as- au-li flowe, or.c-ab
 
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 inTaiwan, 1977.0
 

Labor requirement Gross Total Net Farm
 
Total Self Hired Harvest return cost return income
 
--------- hrs/ha --------------------- US/ha -------


Fresh tomato 4,815 4,415 400 1,467 4,857 4,657 200 3,000
 
1st Rice 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 

aRef. 4. 'w winter, s = summer. 

-owever, extensive management, short harvest time, and long inter
vals netween 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 
will be most suitable for small-scale farners with surpl us family labor. 

HIGH RE-URN AND CONTINUOUS CASH INCOME
 

The net income of winter fresh market tomatoes is USS200/ha (4).
This value is not the most profitable among the annual crops grown in 
Taiwan. The farmer s earnings from family labor are included in the net 
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i 
return and the farm income amounts to USS3, OO/,ha. This farm i lcrmlesi ifi ca tly higher than that of other c rops, i mludiri rice , other
field crops, and vegetables. 

Silnce thoe f h ma r{Oet tomatoes ;et fruit over I a -riod of 2-4 morthsrid harvest i '' 1-2 a,iys, Lhe qr ,'wrw can get conti inuous casir income
for ron th .S-veril 'SUcin ad vanriLoge w.ill enCOLu rage simall-scatle farmers
L1 oldopt. the tomI to ill I 111Il crppi n .tern. hand, by1 ,qt On the other
1 itrrl~r, ri'; townlto with " earcr, s 


1" q,'ilr q te Iugacrcarl iis tead of no income on sugarcane
 
ou!ja farier UIn get e;>tra income in the 

gtaqg of 


1 "ar' 1"' moni ths.
or 
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PROCESSING TOMATO PRODUCTION IN TAIWAN
 

Chen Zong-Woo" 

THE CLIMATE OF TAIWAN
 

Taiwan is ,-. island with a subtropical cliMate. It is cool and 
dry, and has little rainfall from Nov to Apr, whereas it is hot, very 
rainy, and subject to typhons, from May to Oct. lhis , the vegetable 
airoi ing period, includinq that of towato, is natorall/ conceritrated in 
the period from Nov to Apr. This is in crtrast to cmOi', (0, the major 

0,t;o wroduction areas ill ether onrtries. In odditior., there lre )oise 
lic difference; hetweer r'th arc sith Tai'..r Nortl of th(e Tropicfor there is .more rainfall in the winter season soth of the 

r'.ic of Cancer , the climate is more s a i ted for prnduct.ion c;F high 
it tomatoes . The ma ii prodtiction area is n ow.0l Fiqt. I. -he 

* on{us reqgion is characterized by fogI ar hii hu idity which retards 
, ment development: inl the winter season. Tirs, this is riot a good 

". ma r torOato production. 

if f 

1761
 

ii 

Fin. 1I. Ma in torrato producti on area in Taiwan. 

'Tai nan District Agri ciuitori Imprnverren t Station, Taiwan. 
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CULTIVATED VARIETIES
 

Over 80 of the processing tomatoes grown in Taiwan are TK-7". 
This variety was introduced into Taiwan from Japan by the Kagome Corpo
ration. Other- varieties growni .Taian_include. "Romaa",, I'.'!,ec. .......
 
Only a small area is planted with these. The earliest cultivated varietites 
are 'Roma", "H1370", and "Red Top". The processing tomato industry has
 
grown rapidly in the past few years. The efforts of plant breeders have
 
not been able to keep pace with the sudden expansion. Moreover, 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 Sep to
 
the beginning of Oct.
 

Table 1. The effects of planting time on tomato yield and quality.
 

Sowinr Harvest Yield Color Growth Damacme 

-t/ha

early early Aug- Nov-Jan 50-60 fair good Rainearly Sep 

P erly ep Dec-Mar 80-100 excel. excel. Frost
tdrly Oct 

late late Oct Jan-Apr 70-90 good excel scald 

"Transplanted after 3 wks. "Possible damage other than pests. 

SOIL
 

In Taiwan. farmers plant tomato on sandy loam, clay loam, and loam 
soils. To reduce root knot nematodes, farmers plant tomato after paddyrice. The most popular soil for tomato is loam. Soil fumigation is not 
done except in tomato nurseries. 
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METHOD OF CULTIVATION
 

The small size of farms in Taiwan liiits the mechanization of agriculture. For this reason, most field operations, except land preparation, 
.a nel . . . . . . . . . . . . . . . . . . . . . 

Transpinti n after starting the seedlings 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. 

Distance between rows 
and plant spaciig. Plants are generally planted
on 1.0- d
inwi1- r1w--witrh-03-0-. inbetween hills, depending on variety.

"Red Top" and "North-East" are determinate varieties and are planted
1.0 m x 0.3 in spacing. "TK-7" uses a 1.2 

at a 
i x 0.5 inspacing; "Roma" and"H 1370" use a 1.4 inx 0.5 i spacing. Of course, soil fertility is also an important factor in choice of correct plant spacinq. 

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

System 1 System 3 

System 2 System 4 

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

1. Build the bed first to a heiciht of 20-25 cm (the same as forsweet potaLu). Plant seedlings in the center of the bed, one row perbed. After transplanting, water each seedlino individually, Such waterina continues until establishment. This method is the simpest of thefour. Used in early plantings, it has the advantage of Providing qood
drainage, but one hand-weedinq is required. 

2. Plow and plant in the furrow first, at a furrow depth of alut 
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10-15 cm. Then transplant theseedlings to the center of the furrow. Hill 
up the plants 3-4 weeks after transplanting, thus changing the original
furrow into a bed, and the original bed into a furrow. The advantagesof thi s pi anti-oimethod, are. that-i rri gation. s easi.ly-done-and.-that . 
intertillage niuy be done at the time of hilling-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

height (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. 
Fertilizer Total Basal Side dress i ng....9

_quality 1st 2nd 3rd 
--------------------- kg/ha---------------

Compost 20,000 20,000 -

N 400 100 100 100 100
 
P,; 0 150 150  - -

KO 100 30 20 30 20
 

INTERCROPPI NG
 

Interplanting processing tomato with small varieties of sugarcane is 
a special method used in Taiwan with much success. Sugarcane is grown

For sugar production. The area planted to sugarcane in Taiwan is verylarge. For intensive utilization of land, pre-stage sugircanes are inter
planted with processing tomato. If a determinate-type processing tomato
is selected for interplanting, neither the growth nor the yield of either
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
ducLion in Taiwan. Less labor is used than with fresh market tomato,
which is staked. Some of the special iragement pr,-tices include: 
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Table 3. Yield of processirjg t lwnto grownundor miOono .1tur co, ared 
with procrssing tomato intercropped with sugar- .ane. 

Variety Culture . .. ... ... ... .s _ .. . . ...... Ai l e fr ui t Avg. yield
 

-9- -/a 
Rorna 45.5 57. 

Red Top TL iato
Monoculture 46.6 47.3 

San Marzano 42.3 53.4 

Roma 44.8 41.5

J In~tercropRed Top Tomato x Sugar,.ane- 46.3 44.2 
San Marzano 42.9 42.7
 

Table 4. The effect of interplanting with processing tomato on 
the yield
 
of sugarcane.
 

The (Irowth condi tion
la r(:ane TOnina to of sougarcane at the Sugarcane

'ml tUre variety end of tomato har-vest yield Index 

Plan t leyi_q t t i1 " 
-cPI- -no- -t/ha

,(' ,)(11lture (N CO) 89 8 127.3 i00 

r Roma 80 7 109.7 (1,6 
:r-erlated w/ Red Top 785 120.6 95V ato San arzano 83 5 110.4 ,7 

(1) Flower and friiit fall 

2) Phe1inoenon of v_ tr qrowth 

3) Urw ,r hoi lant early have to pay attention to rainfall arid
 
field dial n.n . o1,e:t varieties more resistant to wet conditions, and
biid hi go ;-i an ii res. 

(,1) (rri," w,.; p1lant in mid--season have to p)a)y att(ention to fruit 
,,, in, ldaiia(ir it. t.he. ,qi on) n ), fruit. setting (ov-Doo), and frost and
1)(,-,t damilql" d~1i1Iq "tr it: (Irowth. 

,I-) orowe,- who plait laltst have to pay ittention to pests (Jan-Feb) 
and sun scald (after Mar). 

HARVEST
 

:The harvet period '-..,tend; from Nov-Apr, with the best quality an d 
the hillho'.;t yie ld nhti inod from Jan-Mar. he lengt.h of the harvest 
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period regardless of planting time (early, mid-season, or late) is about2 months, with harvesting done every 5 days during that period. In Taiwan,processing tomato is entirely harvested by )uman labor, which facilitates
 
asquality control (such color selection am I discarding of split or otherwise 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 contract 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 prod.uc-ts a!reJ.rarnsp-orted.to-, 
TFa -ers'-Associatibrf-inspI-cfdista tions . 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. 
moIld, or rot. 

(d) Fruit has good shape, quality, and hard!,ess. 

(2) Second class material 

ka) 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) Fruitt shape and quality is inferior to that of first class 
fruit. 

TOMATO PESTS AND NATURAL DAMAGE IN TAIWAN 
Since there will be a special session on tomato pests in this tomatosymposium, I only list the ma.jor pests of tomato in Taiwan: 

(1) Aug ep: Racterial wilt, damping-off, Fusariumn wilt., virus,
aphid, cutwr i , and root knot nematodes; rain and typhoon. 

(2) Oct-Dec: Virus, bact.erial leaf spot, * " rot, leaf
mold, blossom-end rot, ear'y and late blights, aphid, root knot nematodes,
cutworm, and tomato fruit worm. 

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

ious 
Many kinds of pests attack 
of these are the early and 

tomatoes as noted 
late bligqhts, and 

above, 
tomato 

but the most 
fruit worms. 

ser
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THE EFFECTS OF 
IN-SITU MULCH ON TOMATO PRODUCTION
 

G.F. Wilsona
 

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 uneconomical.
 

Grass and other plant residues are usually cheap mulch where they 
are available but the labor and/or equipment required for gathering,

transporting, and applying the large volume of material needed are 
deterrents to such mulching materials. In-situ utilization appears a 
feasible method of mulching with piant residue, but the development of 
terhnique depends on chemical land preparation, crop -stalbli hment, and 
no-tillage. Recent developments in herbicide technology have made no
ti Ilage crop production and in-situ mulching practical realities. Grains, 
maiuly maize and soybean, are presently the main crops grown with no
tillaje and in-situ (stable) mulch, but tomato, pepper, ard tobacco,
 
have been successfully established under no-tillaqe conditions (2,5,6,7).
 

Experiments on no-tillage vegetable production in the tropics have
 
been very limited but peasant farmers have often produced vegetables
 
under what can be regarded as no-tillage conditions. Under such con
ditions, soil disturbance is kept to the minimum at planting after 
clearing by burning. The soil, which is left hare after burning and 
subsequent manual weeding, is prone to erosion. It was with the aim of
 
identifying fallow species suitable for ar, in-situ :iulching, no-tillage
vegetable production system, and the develo;,ment of appropriate manage
ment techniques that this investigation was undertaken. 

MATERIALS AND METHOD
 

A cover crop of tropical kudzu (i,' , , was estab
lished by drilling in rows 75 cm apart. Growth was vigorcus and a 
complete cover was observed about 8 months after planting. At 18 

dInternational Institute of Tropical Agricul ture, Ibadan, Nigeria. 
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months after planting, when the dry matter accumulation averaged 10 t/ha,the tropical kudzu was killed by 2 applications of paraquat at 2.5 e/ha
with a 7 day interval between applications. The second paraquat application 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 control was provided by removing the cover crop residue.
Two tomato cultivars, 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.-noofer-ti -Tif 1-.cin ..... E-ehrifnna- design was a spl it plot With mulch-treatment as main-plot, cultivar as sub-sub-plot. Each sub-sub-plot wassurrounded by a guard row. There were four re-applications. 

Preplant fertilizer was applied to holes dug through the mulcha week before transplanting. In both hole preparation and transplanting,
mulch disturbance was kept to the minimum. The no-mulch section wasalso established without tillage. The indeterminAte cultivars weresupported by staking while the determinate were unsupported. We routinelysprayed with Dithane M 45 and Sevin for pests. 

Much of the difference in results shown in Table I was attributedto the effects of nitrients released from the decomposing mulch residue.P. pZ go7Zoide& are leguminous plants and the tissues of such plants areknown to be high in nitrogen which, when released on decomposition, becomes available to other crops (1). 
 The extent and rate of nitrogen released from ;traria tissues are not known but they are being investigated.Ifa substantial 
amount of the nitrogePr released from the decomposing

mulch becomes available to the crop, then there should )e 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 !- Pj*KP! 

Cultivar Mul ch No-mulch 
fer-tized unfertilized fertilized unfertilized 

------------------- -t/ha............. 
TLeX 9 (staked) 39.8 30.5 38.9 20.0 
TLeX 33 (unstaked) 46.E 30.8 34.4 17.6 

The higher yield noted in the unsupported cultivar was, undoubtedly,
associated with the m'ilch, which protected stems, leaves, and fruit fromdiseases predisposed of by soil contact.
 

P. ;'zw..oidw; is a slow starting but vigorous and competitive
Iegume. 

Weeding is not usually necessary aftor sowing and the mulch suppresses a wide range of tropical weeds. Under conditions at lbadan,Nigeria, 18 months appear optimum for development of a good mulch cover 
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from unweeded Pucvrzaria, but the period could be shortened upon the

availability of a cheap dnd effective weed control 
method. Puearia 
also suppresses root-knot nematode, a serious pest of tomato and many

other vegetablesmaking 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 product;ve 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 integral of the rotation. Thean part 	 elimii
nation of the cost of gathering, 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 III 
(AFTERNOON)
 
CaIdwell: Were the yields shown on the slides for total yield or 
for
 
marketable yield only?
 

Hubbell: Marketable.
 

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

* Hubbell: 
 The data are shown in the following Tables. There was a
 -arger 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 
 Mid-wet 1978
 

CLIld 
 8 
 24
 

WS 4 15
 

Ratios by seaon, for (Alq{;odf,.:" r narvet to good fruit suine~d over all harvests,all fruit for eaCh llarvest, and (( total bad fruit to total 
(B)bad fruit to 

fruit. Ratios frlitof , uighit In
 

Planting dat.. s 
 .i.o. Location Harvest good
god ,tot'l had/hdrVCSt totfl bid/total 
Au9 27, 1977 lw:,-wet sand 1 4 45 

2 19 18 
3 17 8I 18 3 
5 42 6 

Aug 2?, 197? late-wet 10,111 1 2 4
2 11 18
3 21 8

4 17 
 3

5 50 6 

................-.. 
 ............................................................................
 
May 2, 19Th rrid-wu ,and 1 8 21
 

2 43 9 
3 16 
 33
 
4 19 
 14
 
5 15 50 

-----------------------------------------.... 
.. . ]... 

Caldwell: What were the Iliajor quality problems reducing marketable 

Hubbel l: Fruit rot.
 

Riley: Do you anticipate any increased tomato 
 volume and lowering of'ice in the summer as a result of the lifting of the ban on export ofvegetables 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 yield and quality.
 
This means higher production costs in summer tomato than winter-spring
 
crop. So, it is difficult to tell what the effect will be on price.
 

Riley: We are now seeing more extensive use of mechanization in rice
 
cultivation in Taiwan. Do you think there will be a similar increase of
 
mechanization for production of tomato and vegetables? 

.Su: .. ith- small farm-size and-distribution-of seasonal-labor-o nlgroing. 
tomato, mechanization is still difficult at present in Taiwan. 

Holle: Are fertilizer reqiireme.its calculated for the individual crop 
or are they adjusted for tie sequential patterns? 

Su: For sequential cropping, the fertilizers will be applied on the
 
-indivudual component crop base. A field, after one or two years as a
 
specialized vegetable farm, will be put back to paddy rice for two or
 
three years in order to control the salt accumulation nn the soil sur
face.
 

Holle: What is done with the tomato residues in intercropping or sequen
tial patterns?
 

Su: In intercropping tomato with sugarcane, the residual stems and
 
l-eaves will return back to the field as manures. But in sequential
 
cropping on a specialized vegetable farm, the tomato residues will be
 
taken off for convenience of the farm operation.
 

Caldwell: When I visited the Yung Ching area, I was told that the soil
 
ther is unique and for that reason beds with vertical walls and very
 
deep ditches, such as shown in your slides, are limited to that area.
 
Could you comment on the soil physical properties required for that
 
type of bed system and the extent to which it could be extended to other
 
areas in Taiwan and elsewhere?
 

Su: Raised bed in central Taiwan is adopted for vegetable farms surrounded 
by,paddy fields. The soil type is clay loam. The objective is to 
prevent excess moisture by improving drainage during the rainy season. 
In the southern part of the island, tomato is grown in the cool-dry sea
sons, there are no problems (,f excess moisture or rain. Soil types of
 
tihe tomato production areas in the south are sandy loam or sandy soil,
 
so it would ne difficult to make a deep raised bed as in Yuig Ching area. 

Ruelo. What is the incidence of bacterial arid fungal damage on tomatoes
 
with tie mulchinq method you used in your experimnent-'?
 

Wilsc n: The crop is sprayed weekly with a fungicide (Dithane) arid there
 
wa6s-6no significant fungal attack. Slight bacterial spot was observed
 
la:., in tf seascn.
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DEVELOPMENT OF HEAT-TOLERANT TOMATO VARIETIES
 

IN THE TROPICS
 

R.L. Villareal and S.H. Lai"
 

INTRODUCTION
 

For optimum fruit-setting, tomato requires night temperatures of

15-200C (3, 6, 8, 10, 14-16). Unfortunately, the minimum t8mperatures
in the lowlands of most tropical countries rarely drop to 20 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 this paper we discuss AVRDC's program to develop heat-tolerant
 
(i.e., ability to set fruit at high night temperatures) and bacterial
 
wilt resistant tomato cultivars.
 

FIELD AND GREENHOUSE 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
breedina lines to set fruit at high temperatures. 

Field tests are conducted during0 the summpr at AVRDC when minimum
 
night0 temperatures 
are never below 21 C, and usually fall between 23
 
23-25 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-seLting intensity (12). We have repeatedly observed a
 
high correlation (r ; 0.72*) betvwen the fruit-setting score and fruit
setting rate (i), suggesting tha- The former could be used as an indi
cator for the latter (Fig. 1). Fruit-setting rate is -omputed by the
 
following foumula:
 

Fruit setting rate (%) No. of fuits per cluster 100No. of flowers per cluster 

Program Leader, Horticultural Crnps,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 thu field and ,-;coring them for-heat-tolerance
iS difficult and laboricjus. The Crop IS suJsceIjtihle2 to heavy rainfall
and Strong wtinds. In 1973, ) nd
1975, il(1977, f,)r example, we lost thousandsmfat ,rals anld 
 e,,era] hundred IIIn day-; dill to flooding. Trio much

ad.,I,tofh ill the soil arid in the 
 al l canr comp]licate th(: t-valuation,it,:e ;ove cw It ivarI,Call 
hE't ter tolerate frlo(i u Oh lrSL StLW( than (7) Field 

",< '!(tilr! rin, 
 "uh* whi:,lldtw nlilller, ;recijit1,lioln is exct,: sive could tvecan 
' l r 110)th :' ! ll ',,:rr ' , F 0 1 !,, dlld loiS t'e1. t)] ,Jr- flCe'. 

;,illthc fielt ,,d,, (j.ree hoij::.: te ts wre cmirducted in sunliimer. 
;.kt~a -,p4-da - l tom to eedl irnqu~t 
 to 20 (:il Iot' (ontaiming eqlual ,:,;mof '-m}rd, soil , (.r.I,O,:t, ,lld ri(., hull(,. ,';;if h th(, terminalfmid of ever.' p~lant after then_,ift,h cJu',I:,(.r i- Ittdairl,,d. Tie. f'IuLit-settingy

.I(lre of: (!d(h mitrv i-,r ','o de(I,2:
iritJII,tield I, i('M1Irll.
 

l',,-a , th ee r;jol drawh~ar l :n this U_'C)O li(iti:. Th( te(:hIniq ~e 
HIlmot 1,i, u"I'd f'or"IhI % ,, ',-
 (n r of ( Iarerhl Iilq itinn,lOI l," hcatIkSe,
 

h'0; I flf '.i I ,1.11 , wu.l ,i g ,qit tompi ii, it., sc, f lIond 21D-(('
",I' ~~, t'<T,!llv~,a . , va ,'iC (ih,SvSfutit.h ( ersos .'G~~~~1f4IT1W,u i,,i t,iom i , ,.,l 

it nal 
I.IdaH, .LIal11I,',fm iun ()f 1,1111(--1 (jr1iI~ green-HS under-Itllw/H
,l ( li irm "l'.if ill (-Illifo r l . All,, third, .,ola,"radiation itnour 
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shaded greenhouse is about 40-50% of the prevailing solar radiation.
 
Thus, fruit-setting ability could be affected by reduced light intensity.
 
Research has shown variability in this trait among accessions and
 
breeding lines grown under 50Z' shade (4,11). Therefore, when we screen
 
under the greenhouse for heat-tolerance, we are also evaluating our'
 
materials for shade tolerance, and pollen and pollen tube heat-tolerance.
 

ALTERNATIVE SCREENING METHODS
 

It become imperative to find other methods for heat-tolerance screen
ing. An ideal method should be repeatable, inexpensive and , if possible,
 
usable during the seedling stage. Several promising methods were
 
explored at AVRDC.
 

Growingi~jpots. Tomato seedlings were grown in 14 cm pots. The 
fruit-setting score of 5 consecutive clusters was recorded when the
 
fruit turned red (13). In addition, the numbers of flowers and fruit
 
per cluster were recorded, and the fruit-setting rate computed.
 

The fruit-setting rate (r = 0.65*) and score (r = 0.70*) of the
 
potted plants grown in the open were significantly correlated with similar
 
traits in the field-planted tomatoes (13). The observation indicates
 
that the fruit-setting ability of tomatoes grown in pots in the open
 
parallels that of field grown tomatoes. Thus, this technique can be used
 
to screen for heat-tolerance in tomato cultivars and to selectforthis 
trait in segregating populations when field evaluation becomes prohibi
tive. 

The technique has the following advantages: reduced risk due to
 
inclement weather, convenient soil preparation and pest management, small 
space requirement, and reduced cost. It could be especially useful in 
places like Guam, raiwan, the Philippines, and other typhoon belt 
countries; and in universities and experiment stations with budget and 
space limitations. 

Ethrel treatment. AVRDC physiologists noted that yellowing induced by
 
high temperature 7n the pedicels of tomato fruit were comparable to 
ethrel-induced yellowing. Also, ethrel application had been shown to
 
promote adventitious root formation in many plants, including tomato.
 
Following these leads, 3000 mgl/C ethrel was applied to 3-week old 
seedlings of 7 heat-tolerant and 8 heat-sensitive cultivars. Cultivar
 
differences in the number of adventitious roots occurred due to ethrel
 
application(1). The number of roots was inversely related to fruit
setting scores. This means that heat-tolerant cultivars produced fewer 
adventitious roots than heat-sensitive cultivars. We are currently 
evaluating this technique in a mass screening of our segregating populations. 
Eventually, 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 actual high temperature fruit-setting 
abiliy. 

HEAT-TOLERANT ASSOCIATIONS
 

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

Table 1. Observed fruit set on 4616 T.Oper'icom access4z-is screened
 
for heat tolerance; 1973-78, AVRDC.
 

Species TObserved fruit set 
none light moderate heavy 

L. e'ouZcltw a 
4129 3387 536 170 29
 

L. escZentw,i La. cerasifoIren 49 15 25 7 2 
L. pimpineZZilotiw 204 143 47 7 7 
L. pcrzwiamwn 61 61
 
L. chee, nii 1 1 

L. hiruautum 16 16
 
L. g andui omen 10 9 
b. escoulentzm x L. im;1>wrine 1ifo iwn 153 753 3 211 

L. eacu&c:nzrn x L. hirszitz 
 1 1
 

Total No. 
 4616 3710 662 205 39
 
% Total 
 100 81 14 4 1
 

"Includes several type species from prifore and var. cepazsifo2,ne. 

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 used for developing heat-tolerant varieties (Table 2). They originated

from 15 countries, indicating possible diversity of heat-tolerant genes.

Most of these accessions, however, belong to L. cPw:ientum and r. pim
pin~Zifi.l~iW:, and are small or medium fruited. 

ENVIRONMENTAL INFLUENCE ON HEAT-TOLERANCE
 

We conducted four experiments 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 stud), ias conducted in 5 tropicalAsian countries during the early phase of Lhe 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 exper.ments at AVROC.
 

Two experiments were grown in the greenhouse and two 
in the field
to simulate location and season. The greenhouse experiments representedhigh temperaturc (22-47 C), partial shade, and no rain condit8ons, whereasthr field experiments represented moderate temperatures (22-35 C), full 
sunlight, and rain.
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Table 2. The 39 £ycaopers~con accessions that showed high levels of 
heat-tolerance, 1973-78, AVRC.e 

AVRDC
 
acc. no Cultivar name 
 Origin..... .Frui t-setting-score
 

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

232 Nagcarlan Philippines 4.8 
3982 Tagalog Philippines 4.5 '
 

3692 P1 365916 Ecuador 
 4.5
 
283 Tamu Chico III U.S.A. 4.2
 
3693 PT 365917 Ecuador 4.2
 
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 
 4.0
 
142 LA 1263 Ecuador 4.0;
 

3969 Gambia-2 France 4.00
 
2907 P1 289231 Hungary 4.0
 
2984 P1 289308 Hungary 4.0
 
2985 PI 289309 Hungary 4.0
 
3040 P] 294443 Israel 4.0
 
3695 PI 365920 Peru 4.0c
 
3716 PI 365967 Peru 
 4.0
 
180 LA 1466 Peru 4.0
 
18 VC 11-2-5 Philippines 4.0
 

1488 PI 203232 South Africa 4.0
 
2991 P1 290856 U.S.A. 4.0
 
3510 P1 341155 U.S.A. e
4.0


99 'j,1622 Zambia 4.0
 
1394 1 190256 New Calendonia 3.9
 

4 VL 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 Philippines 3.5
 
2 VC 9-2-1-2 Philippines 3.5


126 Nova U.S.A. 
 3.5
 

";All accessions belong to . ,;;,oww,except LA 1263, P] 365914, P1 
365916. PI 365917, LA 1466, P1 365920, and PI 365967 which all belongto I. pirina7Jiitciiur:, and PI 190256 which is cross between L. i,.
['l , and T. i*1',,u,,,-'' ",From I to 5 in the increasing order of,,, :v. uim. 
fruit-setting intensity. Data are averages of at least 3 screeninqs
unless otherwise indicated. 'Data are averages of two replications from
1976 screening. "Averaqo of two replications from 1978 screening. 
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In most cases mean squares for fruit-setting rate, score, dnd
stylar exertion were significant whether the materials were grown inthe greenhouse or in the field (Tables'3 & 4). 
 The gignificant interac
tion (Sx E) in both greenhouse and field plantings suggest that some
 

.. entiies...had hli.gher..-frui t-setti ng- abi li ty--and-styl ar.-exertion.i n--one. .
 seaon, while other entries were superior in another. Similar response
was also observed when data from Greenhouse I and Field I were combined
(Table 5). Significant interaction (Lx E) suggests that some entries
would perform well in the greenhouse, while others could perform better

in tle 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. Summary of mean squares for fruit-setting score and stylarexertion from a combined analysis of two greenhouse plantings." 

Source of Degrees of Fruit-setting Stylar
variation freedom score exertiono
 

ns
 Season (S) 1 0.60** 37
ns
 Reps wi thin season 2 0.33** 74


Entries (E) 22 
 0.24** 2817**
 
S x E 1s
22 0.06n 124**
 
Error 
 44 0.04 54
 

'Combined analysis of greenhouse I (potted April 19) and GreenhousL II
(potted Aug. 11) 
was carried out since Barlett's test showed variances
 
were homogenous. "Data were transformed to T7,+ 0.5 prior to analysis of variance. Data were transformed to arcsine prior to analysis

of variance.
 

Table 4. Summary of mean squares ihr fruit-setting rate and score andstylar exertion from a ccinbined analybis of two field plantings.i' 

Sourres of 
 Degrees of Fruit-settin Stylar.
variation freedom rat esc exertion{ 

Season (S) 1 
 1108" 1.67"* 31**
 
Reps within season ns ns
 2 121 0.036s ]6
Entries (E) 20 
 260** 0.09** 1688**
 
S x E 20 
 62** 0.04"* 238**
 
Error 40 16 0.01 74**
 

/nbined analysis of Field I (planted April 19) and. Field II (planted
Aug. 18) was arried out since Bartlett's test showed variances were
homogenous. "Data were transformed to arcsine prior to analysis of
variance. 'Data were to T05" prior totransformed ,/TTh analysis of 
variance. 
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Fable 5. 	Summary of mean squares for fruit-setting rate and score and
 
and stylar exertion from a combined analysis of one green
house and one field planting. a
 

Sources of Degrees of Fruit-settin Stylar b
 

variation 	 freedom rate'' score exertion
 

Location (L) 1 125** 0.6** 5406**
 
49** 0.22** 10ns
 

Reps within location 2 


Entries (E) 	 22 570** 0.20** 173**
 

L x E 	 22 44** 0.60** 169**
 

44 	 15 0.03 42
Error 


aCombined 	analysis of Greenhouse I (potted April 19) and Field I
 

(planted April 19)bwas carried out since Bartlett's test showed variances
 

were homogenous. Data were transformed to arcsine prior to analysis of
 

variance. CData were transformed to ,'X + 0.5 prior to analysis of va-


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 parthenocarpy.
 

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 AVRDC 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 diseases present in the tropics. 

HEAT-TOLERANCE AND MOISTURE TOLERANCE
 

Understanding moisture tolerence is another important aspect in
 

developing tropical tomatoes. Heat-tolerant tomatoes mnust also be
 
moisture tolerant to allow 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 Divisoria 2 possess both hieat 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, watering (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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Table 6. Somtary of ") i t-; ttinq c re; and ra Le, (f hea t - to] rant (P!T)
o 1ure-to] erart (MT). and tradit iona ( oma to cul tivars 

to tdd Un "d (rldo'lnf'u. COId t low. A\! O97(, 

Type ?V\D Varietal Fild :Frer t. Grmii7:rn.use experiment 
aCc . no. nahlme ' P:nl rate score rate" .... . ..... ...
. ... .. A)...
 

HT 125 Divisoria 2 4. i 17 'i4 -


HT 245 KL 2 2.5 54 18 2.8 27 
 31
 
HiT 232 Nagcarlan 4.9 54 41 4.8 52 46 

Me-a-ns 3.8 52 46 3.8 40 39 
MT 146 LA 1291 3.0 S6 48 -
MT 166 LA 1421 2.4 20 26 1.0 0 0
 
MT 133 LA 1231 1.6 29 32 1.3 6 14
 

Means 2.3 35 35 1.2 3 7

T 203 Floradel 1. 1 20 26
 
T 97 Healani 1.0 0 0 -

I 388 Green Fruit 1.0 10 ]1 1.1 4 12 

Mea ns 1,0 10 16 1.1 4 12 

LSD 5 1.9 30 0.4 11 
1n0, w irepWJlaned 

of 
i the fieldfJl 23, 1975. All values art means
 

. 6 Ii tries vere planted in pot., ni 23, 1975 
 and1, i n e qr(oe horw . All .'aluo are tteauti of ]0 pla.t . Scori F9tf I . ill tfl( Finreali'l9 ord ort o f Eril t r- tti nq i; tteno ty . Culitr ativ ' f 'itI- ru 1"0 of (m.t. 

L (Irul'th , r (I.l't, !i , the titO [t , , ,0,errqt normttal. Nagca r IaInd [A [:, ,Ire,,' - 1OISly affected
6;-A , :,0rw .otor or rveer drainagnI l, o, ...-- (F oli-Ol r ojF fo(, 1 ti a P i 1tPnrt an 1tat 

Th(- filld illrt~' , .. t,,.. ':l r i! , : :m ic lf,, tha t1 ifF t Ih i ")oedinq 
t ic t Fli 't (hfor !l atlouFfl, F I{r i ,,tttl J r tI, ,.id Y iF ';o a :m i.p i-'h,, litt MF 1 (ir it i hwhfl,! lliqh t ,llJq ,i li . arc. hig:h. 

If tll, viliotie , htwt,/fer, or', ilt'rei, lfti tirl", :;Cr'oo wirl( ,hou]ld [,(. ( llo fo~t Im 
or the hot ,t I -ropical conth liw i', ' r ,, rldJ 11,il t.toierallce, 

fd'h nllld [ w condu-t(J ,d undor cod i 4f(Jilt ; t ft' hF h ji t Llt ra tur s 
'Intd e; ( ( ' i VO W dII F- t . i tFh, i ttl 1(0il ph er'l eFl t t h ;o il . 

GIF I-Ti CS OF HEAT- FOLERANCE 
The ceni.1 ype-etvirFtletL iltt.eraction b,erved in the;e eyperiments,til ii LWO i i.,,f:l F'lFOf totli(F'F trer(1FF tolm(ttit lyrowfth amd d,,velopttent 

195 



Table 7. 
Effect of flooding and rain on horticultural traits of 3 tomato cultivars.
 
agirriatirw Flood: Rain'- rain + Flood-

TraitsLA White a- A Whit Nag- LAcarlan 1421 Skin hite Nag- LA Whitecarian 1421 
 Skin carlan 1421 
 Skin carlan 1421 Skin
 
Root dry matter 3 
 25 16 
 3 18 2 1 7 5 1 7 2 

g/plant)
 
Top dry matter 104 
 118 158 
 153 119 212 
 71 52 73 20 24 34£Lgplant)

Fruit-setting 


85 
 77 71 79 75 
rate ) 7 68 57 49 
 40 40 35 23


Fruit-setting 4.9 4.9 4.1 
 4.8 4.8 4.1 3.0 
 2.7 2.6 2.3 1.8 1.2score (5-i) " 2.3 1.i 1." Dspnsiggood drainage. iDispensing, poor drainage. Sprinkling, good drainage. 
 Sprinkling, poor drainage.
 



(as discussed earlier in this 
symposium by Aung and Kuo) make it
difficult to study the genetics of heat-tolerance without the use ofgrowth 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 experiments failed 50% of the time. For those experiments completed, wenoted a continuous distribution of fruit-setting 
score among the parentals
and different progeny generations suggestive of fairly complex inheritance of heat-tolerance. 
While it was relatively easy to identify
both extremes (i.e., 
no fruit to light fruit vs 
heavy fruit set), it
iwas 
difficult to classify the intermediates. The heat-tolerant parents
showed a 
preponderance of higher scores, whereas the non-heat-tolerant
parents exhibited a preponderance of lower scores. 
 Heritability
. values.-were-genera 11y _I ow.,-a ngi ng-.from: 5-19%.,.- which inditates-Itat.
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, wherea., 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-settirg ability due to the
technique we use 
in combining bacterial wilt resistance and heat-tolerance. 
 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 for either heat-tolerance or bacterial wilt resistance. Thiswill be discussed later 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 countries 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. 
 Nevertheless, we can 
get some information where
trials are conducted in areas where wilt resistant lines are 
included
or, inexceptional cases, in wilt free 
areas. 
 In the former case, Sunarjono et al.(9) reported the yield superiority of AVRDC materials 
over
the wilt-resistant check. 
 AVRDC lines gave 11-24 t/ha compared to I t/ha
for the check, indicating that the yield difference could be ,mainlydue
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to heat-tolerance in the AVRDC ma re is. In Chianmai, Thai land, ourCooperator reported that "Seda", a local tomato cul tivar, barely hadfruit, whereas a number of AVRDC materials were loaded. In a w'i It free
area at AVRDC, 
 our breeding lines yieled 500-1400- hiqher than "White Skin",a lota] chect, (Table 8). Thus, using a massive breeding program basedon a world-wide germplasm bse, siqnificant incre'ses in yields due tothe incorporation of heat-tolerant genes and other traits are possible. 

Table 8. Performance of heat-ierant breeding lines compared 
to a local check, 1978 AVROC."
 

...... )ac (cultivar name)Sel. ..orno ......... or Yie deck°l of
Pedigree Yild 

9d-0-3-6 
 VC ll-l- 2 -1B/Saturn 18 

143-0-10.-3 VC 48 -1/Tamu chico 

900
 
II1 16 800
 

-0-0-1 VC lI-i-2-IB/Saturn 
 16 800
 
rid-O-7-1 
 VC ll-l- 2 -1B/Venus 16 
 800
 
11d-0-2-2-0-3 
 VC 11- ]-2-9/Venus 
 15 750
 
123-2-4 ah TNM-2a/VC 8-1-2-1 
 13 650
 
143-0-6-9 VC 48-1/Tamu chico I1 12 
 600
 
(1) 
 (VC 48-i) 
 10 500
 
(387) (White Skin), 
Check 2 
 100
 

LSD .05 
 5
 

'Planted May 11 , 1978 in a wilt free 
field; harvested 4 times
heginnuig July 
14 and ending July 28; meams of 3 rep] ications. 

RESEARCH DIRECTIONS
 

'hese are some research areas that deserve our attention: 

1. Identification of a simply inheriec heaL-tolera 
 gene. Theobservat ioin ade at ,orne I ivers i ty on a omian tly inheit.d res istance to powdery mildew in cucumbei- 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 resulted in a
dominantly inherited trait. 
 Obviously a simply 
inherited heat-tolerant
(enc 
 woould speed up the development of heaL-tolerant cultivars. It
could also be usefl in the production of F, hybrid tomatoes with eat
tolerance potential. 

2. ClarificaLion of the exact. role of high temperature to fruit
 
setiig.nt ld a-ri cool pei od 1-i5-20 c) for one hour or less bs .,.,ent to)permipti'uim fruit sett ing on tomato? An affirmative 
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answer would have a tremendous practical application comparablewhat a brief dash of tolight could do o induce flowering in some ornamental plants. 
3. IMpruvements in fruit-sett__

Would 9 heat-tolerant cultivars.keeping-oF a-bout five clusters and-moval-o1f Tt-her fowers
improve fruit setting in heat-tolerant cultivars?
 

4. Exact nature of moisture'tolerance must be understood.
addition, ould it Inbe aniT-eto-find gnotype similarto 
a rice plant, which is adapted for growth in submerged soil;
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 AVRDC to
develop heat-tolerant cultivars, there has been a growing interest inthis particular plant breeding problem among our collaboratorstropical in theareas of Asia, Africa, and Latin America. 
we have been In the past 5 years,encouraged by their continuing cooperation andnew disease and heat-tolerant germplasm. quest for 
We share the optimism of our
collaborators. Together we can contribute to th- development of atruly tropical tomato that will find its way to farmers' fields and thetables of consumers.
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BREEDING TOMATOES FOR PROCESSING
 

M. Allen Stevensal
 

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.(Jack) Hanna rel.ased the firsttomato 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 million tons 
of processing tomatoes produced in theU.S. in 1977.
 

In the mid-1940s, when Hanna began his effort tofor mechanical harvest, most 
develop a cultivarpeople consideredimport. For many years he 

it of little practicalpersisted, making crossesto the concentration of set 
which would contribute 

necessary view of the 
and the fruit firmness he perceived toin besevere handlingduring harvest. During 

that tomatoes would undergothe early years
of how the machine would 

of that effort he had no conceptfunction. 
he decided that it 

As the breeding program progressed,was necessary to
agricultural engineer, 
develop a working relation with anso that the cultivar and the machine coulddeveloped simultaneously. beThat led to a combined effort by HannaCoby andLorenzen of the Agricultural EngineeringDepartment at Davis.the late 1950s and early 1960s, thcy worked 

In 
would be suitable to develop a cultivar thatfor mechanical harvest and a machinethe that would harvestfruit with maximum efficiency and minimal damage. In1960s , California politicians decided 

the early
to eliminatewhich had the Bracero program,allowed laborers from Mexico to harvest crops.had been essential for harvest of the 

The Braceros 
processing-tomato crop.
 

Suddenly, everyone 
was interested in mechanicalcessing tomatoes, and, thanks to 
harvest of protheir farsighted 15 yearsthe cultivar and the machine were ready. The 

of effort,
transitionharvested processing tomatoes from handto machine harvest wasa few years rapid, and withinvirtually all processing tomatoes in California weremechanically. harvestedThe rapid transition was greatly abettedfavorable by the verygrowing conditions in California. The long, dry summers, coupled

"Associate Geneticist, Department of Vegetable Crops, University of 
California, Davis, Ca 
96515, USA.
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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 occured in the processing-tomaco industry inCalifornia since the mid-1960s, although none so dramatic as, the trainsi
tion to mechanical harvest. :n the hand-pick days, the fruit weretransported in field lug boxes which held less than.23 kg. With mocha
nical harvest, there was a change to bins which hold about 680 kg. 
 Since
 
1974 there_ as beena tansitionto_.-arge-.b uk tanks .which.conta.in 
' 

-about.11 t offruit. These chanqes to bulk handling 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 conditions. 
 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 (sp) character with a compact 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 physiological potential, a major goal 
of tile UCD breeding program has been to

maximize use of the total 
fruit production of the plant. Fruit lost because they are ove:ripe 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 firmfrui ted cul tivars have become increasingly important in the Californiaindustry and represent the first really important change since the re
lease of VF 145. 
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One of the most striking characteristics of these firm-suited cultivars is that they remain in good physical condition for several weeks
after they have reached full red color. In trying to understand thephysiological basis of that vine-storage characteristic, we 
found that
these cultivars have high levels of the alcohol-insoluble components
of the fruit, a thicker outer pericarp, and a smaller locular area.
rate of breakdown of the cell-wall material does not appear to differ
The
 

between ;hese cultivars and those which are
after full too soft to harvest soon
color development. 
 Rather,
stages the firmness is greater at allof fruit ripening and senescence, As.,a--result,.i sev-ralVmore weeks.
fsofteiing aa i-6r etey 
 reach the stage where they areeasily broken during handling. 

REMOVAL FROM THE VINE 

Another important characteristic
the fruit is to achieve full utilization ofease of removal from the vine. If tomatoes tooremoveeasily, they shatter during harvest, with many remaining
Those too difficult to on the ground.
remove 
remain attached to the vine after it has
gone through the shdkers. 
 One prc'-Aem with firm-fruited cultivars isthat they were more difficult to detach, leaving a higher percentage on
the vine after harvest. 
The precise reason
not understood. for this stickiness is still
Initially it was 
believed that there was 
lower activity
of the pectolytic enzymes, resulting in slower formation of the abscision
layer, but studies did not support that view. 
 In general, the firmfruited cultivars are more difficult 
to remove from the vine than softerfruited cultivars, and plant breeders must pay careful 
attention
size of the stein scar to to theassure that fruit removal 
does not become a
serious problem.
 

Pedicel retention on the fruit is undesirable in processing
since pedicels damage tomatoesfother fruit thethe processed product. 
in load and affect the flavor ofProcessors prefer cultivars with low ( 20)
stem retention. 
 We have worked considerably with the jointless (j 2 )character to 
reduce stem retention. 
 All jointless lines developed so
have a slight yield disadvantage. 
The jp also increases stem adhesion

far
 

to the fruit.
 

HIGH-TEMPERATURE FRUIT SET
 

One of the greatest deterrents to a concentrated fruit load on
tomato plants is loss of blossoms due to 
stress conditions during the
peak fruit-setting period.
frequently Temperatures in California duringare floweringhot enough to cause blossom drop,fruit-set. resulting in a splitThis problem could he solved by developing cultivars that
can continue to 
set 
fr,,it despite high-temperature stress.
benefit, of genotypes An addedwith high-temperaturebe fruit-set capability wouldincreased adaptability, since it has been shown that genotypesset fruit well at high temperatures also set 

which 
temperature condiLions fruit better under low(3). A large numberreported high-temperature set 

of tomato genotypes withfruithigher-temperature growing 
Lapability have been screened inareasCertain genotypes have 

in California and in greenhouses in 
summer.
a clear capability to continue setting fruit during 
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the highest temliperature coridi Lions normal ly encountered i ri Ca i torni a.
The high-temlberature performance of these di vergent Iin(,,, varied in thei r
phys iolmicflI basis (Fig. I), so we are using several it) the breeding 

mm to i icorpo rate their strengths into a single genotype. 

In vitrV erminolon 

Poll-., f'uit set 

Pollen, seed set 

()Ovule, fruit set6C [] 
r 0 Ovule, eed set
 

C
 

0(1 

fl I'P07 P I 26294 56916 

I 'IVAR 

Fig. 1. Peprodlwtiv off ,evrer,I,, il hiqi temiperature cultivars to 
high temperealtre, ;7. /'?. day/niqht), a a percent of their 
performance inriiIa1 tnormalratIr'e, (27 /20 t. (4)
 

'Ile he"t ovy rlI I h gii tl-o ratur 1 f0ma ll(l tfOw 1i re Ctt0di ,dorf o 

! y fli, "''a],(l A, I ep
o: lt.i vr (,t. to fEve 1o Paul ii ]T, as . It

1 l s t i grl f, - rt ion aid el Iati vul i I o11 Liha'; a h o ( rdoll on under 
high-tei~ier,-tnurr (:ndit.iono. il vit'ro (t*rriiLi~ r of high-tolflrtur'
po11lon was hroher than if)r till,o)thir (p'noti, , sLdieod. 'a l odettvo alo

iad a n i ntag ( f tl,w e
,r ',,W i~,froit set. t far other high- [rltt lIjolo~t o ,Jh1 , the wer .>posod ti) lii tpll;p lr'i t r'ro,1l (,.,lii i'i'? gl 

[1 6,; 17, I ( 01d-0. ',eolection hr d it, [;lB v(r Lodgle, f]lrt'l' (rarlda,
,rpiiao o - to have I,(ino1I:Il (f 1ol,? tlh ,, i cruiability ;nt. i tnring f ii
ole iotoo,.;,ru t.11t to .h r';wodp(.tiv ,(f-ir , '1jril illiiqh-t.f' H,ri ttirf, 

or,ndi ti,or.-rl.. 1in,1I1 hald tin hi (OH", t -f Li t opt, of d ( I ti .1W
Lr ':;t~ec horl 1". d hIhiil .0r w,',1 l0 l, ! ( t( t 'I[ rn . rll it ',lt
hih wol rl i),10 pol rI ovule'; ! ,'',rf ( nn'v, I''I , .) hiqh tolp rat l'.t 
tll. fr lit. wOO Ii thlrOrtaoli . 

Pl 262 )1, the culti var "Malirtka 1(1'" from the II FJ.', had the liiqh,,'o 
r it. , nf tilw jrt otyl <,' J, iioll whofi, hoth th2 ovlwlS 'l,d (t);]('n ,rWI 

.. e,~hi tl~j i iL r,tire I( lr il iml',. It, had hett('r ovule, vili i ty,
,I', iri .,vtlf , thl' liilltw ) t,')(ll, 1 'IOhiciC ;d. N llomber of; s illI ' 

Iit i a1 , t r illdicltir l of (faillte Viahility than i, Oler(,Ilt, tii t. 

,,a'o'r a," devi, oloped ii the Philil pine,, h-ad the lest. CapiahiliL y 

, 

01 



(if prodII rI(IeedC when thei pollen was exposed to hi gh- truiperatIre,10d1cati no that the malte gametes are resistant to hiqh temperalure;. 

A diali( onii]sis AuomediI that tLse hiqh-temperatore genotypesdiffer penetit lly in the chartctristics which contrihite to the hight itIJ rri it,i et (5). Per'-iiint1 (pI 'dti1 ! Pro 
f-litt s t is under the control of a)id iitem,-iid K r 1tahi I ty'Ji 1 i nd, imdeate at highn '6oii,I.haflri , to l1iit , (pirt i "r ' 
ill PittJ i' ; i,{)iiri'!lit , hi(Ont 

' a SOr 

ti * ir' ittahi !it L of seedlow it hig]h t itrtt jit 

set
 
dowinort r q,0 Tho add 1tjv,1 o 

PIion I ronKti led by partially
' i (It' iC ('Orl[lorm lit a rid h(rIitathility for 
*. voIro hIit(II). At pr( nift e are~i rinqr;;e", tin1 a modit led sys)teml offt'P 5pet:ni fic (;olhiii i ii, a i it,/ to omhilte the Stre.cif th, hiti- S aiitre (oriotypes inte a S inye 

ths 
c:; tivar. Screeningis; dotne it) 'ittlitor in tre giroeriihoeU~ whet there{ is mote -nvirolmonltal 

S Lrtro I . 

DISEASE AND 
INSECT RESISTANCE
 
Di 00 Os of pri it, co l:re ril are geniera I y I inilited on tomato in Cal ifo n ia. Thi dry, fa,,ratsa1 growing clirOte redtcesr10l arid prohlellis with hactofolia)r funor/igt diserse<s. For a-it nIither c years all succers fulCalifornia0 C titl,,,ar h e had resi;tance to .' , 

rac , and ,.,I '(rond race, of .," alid ,train I Ii recent, yearsa second ,train av...haebeen
fIri i t,fh! tate.
 

-.: ; '.' e"11,-

P 1)i ant C totI he, second race of .: ' ,.: wilt has theen bred into(:tl ,i v-it .; in F lori da arid sobsegn entl y i HIto col Li var-s fr'Ottl Is rael whichair C si t oi 1ar VU 145 . Most 
to 'rood resistance 

Ca Ii fortia tomato hreeder-, now have prograittsto race 2 of :,,...,,.'.. wilt into a widetat range ofIlf nct ,p!rio . Race 2 of :., ' wi I r., :l)rtettly a ser ius prob eillitt tih t.otrat0 r- roving areas in rnortlherr California, appears to be spreadirl to ethi' aret; if the 
state. 

flo reos in talic e ha'; berl found t o n t rai nPt, 2 of ,. '' '''::<'" wi t.AlQ , and Loarinoti (6) firit(ld ioi, in a 
rogal

large tirvey ofIt i; sntill rot clear how 
tomato genotypes.spe-rinu; Ilis di ,a s mayl btAlt.ftti gh roe?ill CaliforiIa.r(t tedoi i various loca ft ol'S, fi s', ori yield'ir}llt..t. ous losses are yet,israridKilthI are" seekill te hliques C Sto (ceonfor tole",ttco to this diesoeme, sinice tirethetii]j-s(reerii-i tec u;titine used atpf';,A, rit litiinat.,s il] pl t:; iacking a hirh degree of resistance to the 

Il.IA[1 ()f , 

Netiatodos 
are widespread throughout the tomato-growing areas in 
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California, but DBCP (1,2-dibromo-3-chloropropane) has been an inexpensive and effective control, discouraging efforts 
to breed resistant

cultivars. Recently, however, DBCP has been banned by the Food and Drug

Administration as causing sterility in nen. 

Interest in nematode-resistant cultivars has now increased. In 1974,Rick and Fobes (10) showed an.associat.on-between..an isozymeof acid phos---a ase Ff " t neinatodes. This association, which appears tobe a linkage, can serve as a useful tool in efforts to develop nematoderesistant cultivars. The gel-electrophoretic technique makes it possibleto tell whether a breeding line is lacking, heterozygous, or honiozygous
for the Mi gene. This technique 
 is being used by a number of tomato
breeders interested in developing nematode-resistant cultivars. We are
now surveying a wide range of nematode-resistant genotypes which apparently
have a single !. Pezyuvianum parent 
as the source of nematode resistance
(12). There are some undesirable linkages in much of the nematode material, 
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 cultivwrs. 
 Since it is possible to control most insects

effectively with pesticiles and since plant breeders have a large number
of other pressing problems, insect-resistant cultivars have receivedlittle specific attention. 
 In cooperation with entomologists, we have
had a program to evaluate the potential uf deyeloping cultivars with
resistance to certain insects that are major problems in California,

particularly the tomato fruit worm (i!el.iot;hu ::e) and the beet armyworm (' ,ru:zcyu<,P An,). array of species and cultivars were screened
 
under field conditions for susceptibility to 
 insect pests. Large differences were observed in the attractiveness of the genotypes to the prevalent pests. Evaluation of the glycoalkaloid content of these lines
showed attractiveness to the fruit worm and the army worm to be relatedto tomatine concentration. Feeding studies with 11. :,e. showed thattomatine 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 ripens (7). Studies are under
way to determine in greater detail the changes in concentration of tomatine 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 UCD processing-tomato breeding program has been an improvement in the quality of processing cultivars.
As indicated earlier, the development of cultivars suitable 
for mechanical harvest has degraded certain processing characteristics and made
difficult to maintain and improve qual'ty. 
it 

The most striking relationship is the negative one between soluble-solids content and yield.
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Fig. 2 Effect of -tornatine concentration on growth characteristics of 

larva of -humI zea. 

Numerous studies hive shown that as yields are increased through thedevelopment of ne,, higher-yielding cultivars through changesor in cultural practices, the solids content of the fruit generally decreases.
Experience has al so shown that changing the genetic potential for onemajor component of th fruit affects other fruitmajor components. 

SJGARI 
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ACI qS 

The tomlato 's orgamnic acids are an important processing characteris
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from a cross between Ottawa 67 (high pigment) and LA959 (lurida)
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fruited genotypes have resulted in breeding lines with higher acid concentration and lower pH. 
 The low-acid problem appears much easier to
solve than the low-solids problem.
 

ALCOHOL-INSOLUBLE SOLIDS (AIS)
 

As indicated earlier, the firm-fruited cultivars have higher levelsof AIS. The consistency of the products made from tomatoes is closelyrelated tc the concentration of these components, which are generallyconsidered to be cellulosic and pectic compounds (Fig.results in thicleer catsup and 
4). High AIS sauce products, a desirable trait.development of the firm-fruited cultivars has resulted 

The 
in the possibilityof making sauce and catsup products thicker than previously possible.
Buyers prefer paste made from these firm-fruited cultivars because

reconstitutes into thicker products. 
it 
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Fig. 4. Effect of change in concentrations of water insoluble polysaccharides (WISPS), water soluble polygalacuronides (WSPG),
water soluble polysaccharides (WSPS) and acid hydrolyzed
polysaccharides (APS) on gross viscosity of tomato puree (16).
 

Not all 	high-viscosity cultivars have firm fruits, but,germplasm, it has been 	 within ourrelatively 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 photosynthate 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.
 

COLOR 

Much of our direct effort on color has involved the crimson (2g)
and high-pigment (hp) characters. 
 We have 	generally avoided the og9 alone,
because 	of its adverse effect on 
the vitamin-A content of the fruits.
Our interest in the og, hTp combination resulted from informal informationthat that combination overcame 
some of 	the adverse effects of the hp alone. 
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We started the 
Program by obtaining Ottawa 67," which hasgenes. A backcross program has been 
both of these 

used with selection for the hp in
the seedling g'age (8) and selection for 2oq during flowering by putting
the plants under cool-temperature conditions. 
 That is a nice combination, since it is possible to assure that progeny 
to be screened for
horticultural conditions contain both genes before they are planted in
the field. The ~9, hp combination results in fruit withcolor, a beautifuland it appears that progress has been made in getting this combination into desired horticultural types. 
 The principal problems havebeen 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 highlycopene conditioned by these genes appears related
fruit flavor. to changes in
There is a relationship between the volatile-compound
composition of tomato fruit and their carotenoid content (13). 
 The
high-lycopene content results in higher levels of certain volatiles which
may contribute 
to an off-flavor defect. The importance of this changeto 
the flavor of processed products remains to 
be tested.
 

NUTRITIONAL QUALITY
 

The major nutrients of tomatoes are vitaminssults in about a 25-50%.' increase A and C. The hp rein vitamin-A content, whereas the oresults in about a 25% reduction. The o, 
hp combination has about
257 greater vitamin-A than standard cultivars. Althoughtinely evaluate the vitamin-A content we do not rouof breeding lines, it is evaluatedin 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 hitting the
fruit and the amount of fruit surface exposed to the light. Asquence, smaller-fruited a consecultivars tend to have higher vitamin-CThe vitamin-C is highest content.near the skin and in the locular tissue, whidimeans that the firm-fruited cultivars tendCertain to have lower vitamin-C levels.of the elongated cultures have lower vitamin-C,lieved attributable largely to 
and that is be

their denser foliage, reducing exposure

to the sun.
 

In an attPmpt to 

tomatoes, 

increase the vitamin-C potential of processing
we have made crosses with thehas cultivar "Doublerich", whicha vitamin-C level double the normal. Several years of experiencewith the progeny of a backcross program with selection for high vitamin-C level indicates that it will be difficult to develop a high-yieldingcultivar with a substantially higher vitamin-C level.
 

PEELING CHARACTERISTICS
 

Whole-peel tomatoes are a very important economic productprocessor. for theLosses 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 with uniform color and lack
of discolorations. Unfortunately, tomatoes 
which are easy to peel tend
to 
be very soft; the firm-fruited cultivars are difficult to peel.
relationship, coupled with a tendency for the white area 
This
 

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 -discol.orati on...... 
 .
 

FLAVOR
 

It is difficult to assess 
the importance of flavor to consumers of
processing tomatoes. 
 In heavily seasoned products, of course, the flavor 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 important 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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TOMATO GERMPLASM RESOURCES' 

Charles M. Rickb 
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are not Yet complete but enough data have been obtained
inate idea of to give an approxitheir variability patterns, Frequent reference will 
be made
to allozyme analysis. 

SOURCES OF TOMATO GERMPLASM 
In comparison with crop plants in general,germplasm the status of tomatocollections is relatively satisfactory. This situation can
attributed partly beto the very high level of autogamy in n. oculenmtm'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 of4752 accessions in all categories in addition to 
numerous breeding lines
adapted to 
tropical conditions. 
The .second Iargest-col-lectioil

fng - t ha t Sofarge-extentdU'plfcat. - toa-o f AVRDC - is the 4,163 items of the U.S,Department of Agriculture at 

Station at Ames, Iowa. 

its North Central Regional Plant Introduction
A collectionof some1,600 iteis, specialized in
tomato species, genetic, and c'tological lines is maintained by the Tomato
Genetics Stock Center, Department of Vegetable Crops, University of
California 
at Davis. 
 Smaller collections, mostly of a specialized

nature, are kept at other locations.
 

THE CULTIVATED FORMS OF L.'U' 
The major source of variation used until
has been assorted now for tomato improvementcultivated forms Clines of i. ,"tU.,including breedingas well as the aformentioned categories of cultivars. 
 The 'esults
have been spectacular, yet the inadequacies of this
in the frequent excursions source are evidentmade into germplasm reservestaxa. The limitations of the cultivated 

of the wild 
sources are particularly evident in attempts to gain pest resistance and to improve color, flavor,
and other quality components.
 

It is noteworthy that some 
made 

of the most spectacular gains have been
by exploiting spontaneous monogenic 
 mutations. The mutant ofpossibly greatest economic impact is determinate or self-pruning (sp)plant habit. Determinate plants are compact with precisely restrictedgrowth and concentrated flowering. The agronomic consequences of spplant moreare a form amenable to cultivation andharvest and a greater to hand and machineconcentration of fruit set than that permittedby indeterminate habit (17).inOther genesutilized are j, j-2, and j-2 
that have been or are being

-the "jointless' series preventingeasy abscission of fruit a-nd retent on of the undesirable pedicel.ip,the fruit color intensifier; og , the crimson gene 
stubs; 

suppresses that partlysynthesis of ',-carotene, thereby improving colorproducts; and the for certainnor rin, ripening inhibitors; andthat condit]ion diseas-e a long list of genesresistance (references for these genes inby 15). reviewRick, Genes that promote the development of parthenocarpicfruit (pat and pat-2) areinvesigators (7,8,9). 
receiving increasing attention by severalOne intriguing possible application of hereditary
parthenocarpy is to improve yields of the hithertoautotetraploids highly unfruitful(1). Genetic changes in [,. r.m,-u4otu caneffected by m be readilyinduced mutation. An impressivemntants has been assembled by Stubbe 

array of X-ray induced(27, a paper that also enumerates 
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the mutants described in previous papers in this series). Numerous
 
mutants have also been successfully induced by radiation (28)
neutron 

and the chemical mutagens El (4) and EMS (5).
 

As already mentioned, the array of genotypic variation in cultivated
 
Z. uLmt, is limited. Compared with variation in the wild taxa,
it is minimal. A similar situation prevails in many cultigens - For
instance, muskmelons (3). The extent of these 
 limitations is delineated
by the following comparisons of allozyme variation. 

The overwhelming majority of (;p cultivars areIcntum monomorphic

at some 25 loci coding for isozymes. The exceptions consist of seven
alleles, four of which are limi ted to the native range of the genus

- inLh.- hiT-.Ade .Es..e.nt same situation prevails 
 for vatr. 

:,,(20).
'.,, In contrast, 14 
variant alleles have been detected
at 8 of 14 tested loci in the closely related L. uh .w,,-t (19), 41variant alleles at all of the 
11 tested loci, scarcely any 2 individuals

having the same genotype in certain populations L. Ir, ,ZZiwo ?,and the extent of allozyme variation is known to be even 
larger in
 
the obligately outcrossed self-incompatible species. By this measure,
cultivated -.. Qg particularly the extra-Andeani n7Uti, material is depau
perate in variability in comparisons with the wild species. 

It is not difficult to account 
for this remarkable uniformity of the
extra-Andean cultivated forms of £. muum . As suggested by Rick andFobes (20). "Migration of [,. , tu;lm var. ce w: , from its nativeAndean region through the great distance to Mexico was undoubtedly
accompanied by frequent restriction in population size. Similar restrictions were undoubtedly experienced during domestication and transport of 

Europe. suchthe tomato to Passage through bottle necks, undoubtedlyunder selection pressure (Founder Principle), would have tended to reduce
genetic variability. The autogamy enforced by lack of appropiate pollinators in the non-native regions would have led to rapid fixation of 
genes, further depletion of genetic variability, and consequent extreme 
uni formity. 

THE WILD TAXA
 

In view of the restricted genetic variability of .e t,, cultivars,it is important to assess the potential taxa, includingof the wild var.-Y,;m. K', of -. I,;'ut,, arid the related exclusively wild species. 

The signi ficance of this group is epitomized by the list of genesthat they have cuntributed for resistance to serious tomato diseases.
The following thirteen examples are listed according sourceto the species: 

T, , m ' var. ,,'.w,,,: Anthyacnose ( Ki,,' spp.),collar rot . , :/ ). vprticillium wilt (V,,,,,<' , . z,I,.,, nr,) 
i. Curly top virus. 

';,, hBotrytis,. . .,: mold (iz ,, .p . ), septoria leaf spot
(., ', s ). 
;,.;;,'?'c2 Corky root (;. ,v, ,.. " , ) root-knot nemmratode 

,, ' t, tobacco mosai c vi rus.oI -), 
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m) ,, 

spotted wilt virus.
 

Observations on 
the autecology of the wild species can facilitate
the search for potentially useful traits (13). 
 The value of species
collections would be greatly amplified if such information were available
for each accession. 
A few notes by the collectors regarding the physical
and biological nature of each site could yield clues as
the respective accessions. to the vi'-tues of
 
resistance that clues 

It is particularly in the area of stess
 
able genes. 

can often be found ,egarding the presence of valu-
Examples of such relationships 
are given under the respective
tomato species.
 

L. 1737 !LE..,;M VAR. , (DUN.) A. GRAY.
 
Embracing the small, cherry-fruited wild and cultivated forms,
botanical variety is this
now widespread throughout the tropical and subtropical regions of the world. As a matter of fact, var. oe2 oaiifar,- is suchan aggressive weed that it is difficult to ascertain its truly native
region. 
 If the native area 
is arbitrarily considered as the Ecuador-Peruregion, which is the center of distribution of the genus flycopenqicon,the same interesting differences in genetic variability are ascertained.
Thus, within Peru, w,var. ceiv' wone is rather variable, differing from
region to another in zymotype and sometimes variable within populations.
At least part of this variation seems 
to be attributable to introgression
of genes from L'. j 1?f-lZZL:i 'OZ.'iurn (25).
from all In contrast, var. Cercaifobrnc
other regions is almost monomorphic, the same zymotype as
of the cultivated tomato prevailing (20). that


A possible reason for this
situation was discussed in the preceding section in relation to cultiated
L. . It is therefore reasonable that in the search for desiredcharacters, particularly disease resistance,
contributed more than all 
the Ecuador-Peru forms have
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
logical adaptations. On eco
conditions. 

the Peruvian coast they survive relatively xeric
In the Ecuadoriari-Peruvian highlands they are found in
relatively mesic conditions. Eastward, they thrive in the wet tropics.
Under the last mentioned conditions, 
var. <oas,2Lf !ec v, is the only taxon, ;,c;g~ that survives, growingabun'dan'tly despite the early death of 
to maturity and producing fruit 

the same conditions. vo;u rentien cultivars grown underIt is therefore logical that accessions from these
regions have provided genes for resistance to such foliar fungal diseases
as Cj~r.~,f' lvum. 

A. PI-MTmt;.vr,, (JUSL )MILL.
 
This closely related of the tomato species to 


is the most 
l.'-tum 
in respect to morphology and crossabil ity; 

,.euceu-.
 
cific cross can be made as in fact, the interspereadily as hybridizations within either species,
and the F, hybrid and subsequent generations 
are fully viable and fertile.
 

Previously considered 
a relatively uniform taxon, L. 
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has proved to be quite heterogeneous in the following respects. According

to an extensive allozyme survey (21), it is very uniform and highly self
pollinated at the N and S margins of distribution, but becomes vastly

more variable and is cross-pollinated up to 40% in north central Peru.

In view of these regional differences, testing and evaluation must be
done according to the extent of variability if the germplasm in this
 
species is to be properly exploited. Relatively few individuals per
accession should suffice for the mdrginal, regions, whereas. testing of thenorth central region requires that large numbers of individuals should be 
tested per accession. 
This species has already contributedisignificantly

to the repertoire of disease resistances as well as finproved.color and 
6 h,6 r,6t-u-Iit trbts Possession of wilt resistance mighthave been predicted for the following rationale. This species is found 
mostly as a weed in cultivated fields of the Peruvian coastal valleys.

These fields are irrigated by water that is diverted by ditches 
from the

rivers into the fields and the excess 
is drained back into the streams.
 
This practice dates back to 
pre-Columbian civilizations, possibly some

5,000 years ago. Even prior to the establishment of agriculture, level
 
areas bordering the streams were probably subject to 
flooding. This
 
continual flushing provides ideal conditions for the spread of the soil
borne wilt diseases. 
 Natural selection for resistance would have been
 
intense for any wild species that evolved under- these conditions.
 

L,. CE.'4"111 RILEY 

This species, endemic to the Galapagos Islands, is unique for its
 
yellow-to-orange fruit color and other morphological 
characters.

Although L cheeama?2i crosses easily with L. esiutwn, the segregating
generations are subject to 
low viability and reduced fruitfulness.
 
Analysis of morphological characters 
(10) and allozymes (19) reveals
 
that it is highly autogaMous, many wild populations veritably approxi
mating pure lines. Despite such uniformity within populations, genetic
differences are frequently found between populations and races of the 
species.
 

Among the various traits that have been bre from L. chcemncnii,
retention of fruit by the action of J-2 and j-2 n genes are being

exploited, particularly for cultivars bred 
 for mechanical harvest, and

thick pericarp offers opportunities for improving fruit durability (12).

Our discovery of 
a coastal ecotype that thrives despite the high salin
ity of its habitat led to 
tests by Rush and Epstein (26) of possible

salt tolerance. Their experiments demonstrated that such accessions can

withstand concentrations up to 100% seawater and thaf this ability re
flects sodium tolerance of the cells, not restrictions on uptake or
translocation of sodium. The lack of disease and insect resistance

often observed in field plantings is predictable because, in its iso
lated situation, 7,. ohe.h;wnwziiii evolved in the absence of such 
 pests. 

z. ... :r '!.,; T! (23) 

This species is characterized by slender stems, relatively simpleform of leaves and inflorescences, and fruit that ripen to a greenish
white color. It is native to a restricted zone in the intercordilleran 
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region of Depts. 
tions at 

Apurimac and Ayacucho, Peru, and prefers mesic condimid-altitudes, According to our studies of its allozyme variation, L. chemie(Zcwskji is moderately variableis and, though self-compatible,subject to natural cross-pollination 
 . 

L. PARVIFfLORUM (23). 

Similar in 
most morphological characteristics and autecology exceptfor its much smaller flower size and tendency to inhabit lower, moister
f situationsnuthis enti tyisasibl ang spediensf I.-ii wer,occupies the same territory but extends much 
Jt

farther northward, approaching the Ecuadorean frontier. 
 Like L. chee.',nanii, 
it is highly autogamious
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 £. pa2,vifZorwn originatedsympatrically from L. chrieZewskii, isolation having been achieved byacquisition of autogamy. Of the two species, L. chiielewskii is themore 
amenable because it does not have the defoliator (Df) gene, which
leads to much weakness and lethality in ekcuZentum-parvifZornm progenies(2). Accordingly, L. chrieleTkii was 
chosen as the source of high
soluble solids in the project to transmit this character to L. escuZetitu
(14).
 

SOLANUM PINNE LI'I CORR.
 

S. 1pennetli is another green-fruited species that hybridizes readilybut unilaterally with ,. escule tum. Despite its taxonomic cla~sifica
tion as a species of Solanun, penneZii respondstests to all biosystematic
like a species of ih(uo .,eY,.sicon (18). Its distribution is limited
to mid-elevations in the western drainages of central 
Peru.
sympatrict Althoughwith L. 1P),muv-ianwr,
the higher dryer 

in many sites, S. PcownneZii OCCUDieselevations in situations that
tomato species. are the most xeric of any
The ability to cope with such dry conditions seems
be vested in the capacity of 1)ennelZii leaves to resist water 
to 

a characteristic curr. itly being investigated. 
loss (29), 

Preliminary allozyme
analyses reveal 
a very high level of genetic variability a condition-that is concordant with the self-incompatibility found in all accessions
except a single collection made at 
the southernmost extension of its range.
 

L. 1ITRSi uIM HUMB. & BONPL. 

Large robust plant size, dense hairiness, green fruits, andodor characterize a rankL. hi;utzve; and distinguishspecies. It is native to the 
it from all other tomatowestern watersheds of Peru and Ecaudor butalso extends its range east of the continental divide in Ecuador and
northern Peru. It can be hybridized With L. ese1Zlcntwm, but only iflatter is used the as 
the female parent. Frequenting moist situations,
often on streambanks, ,. hiirsunum ascends to higher elevations than anyother tomato species. 
 Although not able to withstand frosts and freezing
temperatures, the biotypes from the highest elevations (3,200 in)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 .Universityof California at Davis. The freedom from 
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insect attack that is often observed in andthe wild 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 tothat of L. pimpinelZifloZiu 
 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).
 

... . P V (.UM (L.) MILL. ... 

This species and L. cahitZn.e form a subgeneric complex that is separated from the rest of the genus by a severe incongruity barrier.The cross with L. ecuZlentwn can be made normally only with great effortand 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 RioMaranon. i. peuvianun is undoubtedly the most variable of the tomatospecies. 
 The outcrossing enforced by the strict self-incompatibility prevailing throughout this species undoubtedly provides high generic variability. At least 35 races can be distinguished; furthermore, withinmost races marked variation in morphology and zymotype can be detected
between populations and between individuals in populations. The ecological
preferences 
are fairly constant, L. peruvianum 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. L.fLF,71; DUN. 

Although most closely resembling L. peiniviunum, it can be distinguished by several morphological characters. The ranges of the two

species overlap 
 in southern Peru and northernmost Chile, but the rangeof T_.ohilens 
 extends farther south in the latter country, at least to
the latitude of Taltal. Like L. peruvianun, it is entirely self-incompa
tible and relatively variable, although the paucity of accessions doesnot allow a good assessment. The ecological preferences are similar but
L. l. tends to prefer dryer situations. Since hybridizations with 
r.. '..~a ent-w, are somewhat easier to make with L. chilomnw? than L. peri,vi(7zv.7-, the former is a more accessibleLike [_. !)()UVanU1, source of desired germplasm.its germplasm potential scarcely beenhas realized. 

UNIFORMITY VS, DIVERSITY
 

Collections of tomato germplasm are hardly worth acquiring if theyare not effectively utilized and properly maintained. From the foregoingconsiderations 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 ;pecies. For highly autogamous accessions,
which are usually monomorphic, a sufficefew plants 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 Systel can preserve indefinitely and exactly the original variation in
accessions of the obligately outcrossed species, but every effort should
be made to approximate it
as closely as possible. Induction of flowerinq
in day-length sensitive biotypes and obtaining sufficient reproductive
isolation pose additional problems in this group.

.in 

This topic is treated
greater detail elsewhere (16).
 

CLOSE VS, DISTANT SOURCES
 
Most specialists maintain that, in seeking specifically desired
characters, the easiest sources of germplasm should be exploited first,the most distantly related forms being utilized only as 
a last resort.
While this policy is reasonable from the standpoint of achieving
immediate goals with the least expenditure of time and effort, it leads
to neglect of the tremendous reserves of germplasm in the wild species.
Breeding from the latter is often a long, tedious, and sometimes un-;"ccessful enterprise. In such projects, the breeder attempts totransfer one or a few desired characters, but avoids including the great
bulk of the wild genes, nearly all 
of which code for unacceptable phenotypes.
 

These considerations reveal the needwhich has for a type of genetic activitybecome known as "developmental breeding." Instead of continuing the breeding program from the initial crosses betweenvated and wild p7,rents to the cultithe ultimate conclusion of finished cultivars,it strives only to transfer the genes from the wild parent into a genetic
background of the cultivated species and to evaluate their expression
there. By thus incorporating the new genes in a relatively advancedform, the investigator provides material that is far more useful 
to
the plant breeder than the wild accession inwhich the desired genes
were first discovered.
 

Developmental breeding also serveseffects of countless other genes 
other important purposes. The
of the wild parent may be observed as
they are introgressed into the cultivated milieu.
of such manipulations "novel 

Also in the course
variations" are first observed. 
 These
frequently encountered deviating characters, which are not normally
detected in the parents and are therefore unpredictable, have been discussed elsewhere (24, 11). 
 Additional interesting aspects of such projects are the inheritance of wild charactersmanifestations of incongruity, in the new background, thehybrid sterility, and otherunfruitfulness, causes ofall of which bear onDespite these highly useful 
importantly evolutionary theory.aspects of developmental breeding, it is 

an activityi nteres t. that is badly neglected currently in respect to support and 

The opportunities for research and servicearea of developmental other workers in thebreeding are boundless as 
to 
the following considerations reveal. The tomato species are not homogeneous entities.certain characters (for example, Whereasthe taxonomic key characters)stant within a given species, a vastly larger number 

are con
bel,avior of a given wild are variable. Theallele in the euoulent;wl backgroundbe known until it is transferred there. 

will not 
It therefore follows that an
unlimited field of experimental breeding exists until 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. [. pomuviamim might be considered as
 an example. As ' dicated above, the extent of genetic variation in this

species is enormous 
at the levels of race, population, and individual.
Now, the dimensions of a project aimed at 
assessing the breeding potential
of all variations existing in L. pcmu4,v' ,a when transferred into 1. f,.scZw,, strains the imagination and is, of course, physically impossible

on any conceivable basis of research resources. 
 Yet, it must be remembered 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 de,,elopmental breeding is vigorously promoted.
 

It can be concluded that the opportunities for further improvement ofthe tomato are bright. It is futile to debate the relative potential
value of the major sources of variation. In the long run they may allplay important roles; to neglect any of them would be shortsighted. 
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Ton to bottom: Hybrid populations are advanced by using a single seed toperpetuate 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. Ms. Melor Rejab

examines tomatoes at MARDI station in Malasia. 
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SINGLE 
SEED DESCENT 
- A NEW APPROACH TO THE 

IMPROVEMENT OF TOMATO 
IN THE TROPICS
 

T.S. Teea, R.L. Villareal b and M. Rejaba
 

The tomato (Lycoperaicon esculenturn)

vegetables is one of the most popular
 
tropics. 

in the world and is becoming an important vegetable in the
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 limitingfactor. In the lowlands, bacterial wilt (Plseudomonas soZanacearwn) isthe principal disease, whereas, in the highlands, late blight (Phytopthora
zlnfc'otan) is comnrron. Another problem is temperature, which causes poor
fruit set and, thus, affects yield. Although chemical sprays are available 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 tropical 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
crops. for many self-pollinated
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. 

aRespectively, head and research officer, Horticulture Division, MARDI,
Kuala Lumpur, Malaysia. /"Plant breeder, Horticultural Crops Program,AVRDC, Shanhua, Tainan, Taiwan, Republic of China. 
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The bulk-population breeding method involves harvesting the plants
in bulk and taking a random sample to generate the next cycle. Large
populations can 
be handled inexpensively. 
However, the efficiency of
the bulk-population method is restricted owing to the possibility of lossof good genotypes through natural selection as 
the hybrid population

approaches homozygosity (1, 13).
 

The SSD, first developed by Goulden (10) 
and later modified by Brim
(5), appears to have the potential of overcoming the problems of competition in bulk handlino hybrid populations. 
 This scheme involves
advancing hybrid populations by taking a sinnle seed from each plant and
compositing the seed to perpetJate the succeeding generation until
desired level 
of genetic homozygosity is obtained. 
the
 

Essentially, the system ensures equal reproductive capability for every individual 
plant at
each generation. 
 It is expected that the SSD method will maintain wider
genetic variability than will classical pedigreie ,or bul.k.methods. Empig. & Fehr -(9),.compar-ed'4-'nti6th6sd f e'-vlping soybean lines and concludedthat SSD minimized the effect of natural selection and allowed the use
of greenhouse and winter nursery environments. In addition, SSD was most
economical in terms of money spent for labor. 
 In the computer simulation
studies by Casali & Tigchelaar (6), 
the SSD was found most effective where
several 
traits of differing heritabilities are under simultaneous selec
tion. 

The SSD method of rapid generation advance in tomato was 
initiated at
AVRDC in 1974 using populations from crosses 
involving 3 parents with
resistance to bacterial wilt (2). 
 According to Villareal 
(14), emphasis
was 
given to the wilt 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 virulent pathotype into the country. Besides, 
it was felt that the development of bacterial wilt-resistance lines should be undertaken in the country where the tomatoes wouldbe eventually grown so that the role of genotype, pathogen, and environment in the expression to wilt reaction could be fully considered.addition, under the pedigree and bulk-population breeding, 
In 

a selectionmade in a specific location may not be necessarily the best genotype in
other locations. 
 For example, a heat-tolerant and wilt-resistant genotype identified at AVRDC in a particular climate will 
not necessarily
be well-suited 
to other areas of the tropics. It is also possible that
the genotypes discarded at AVRDC would do well 
elsewhere. 
 This will not
be a problem when SSD is used because the original variability in the F2
is advanced through to the F5
 . And the F5 lines are the ones sent to
 
cooperators. 

PROCEDURES USED FOR SSD 
(2)
 
1. Ten F, plants are grown to obtain as many seedsF2 as possible. 

2. 2,000 F2 plants are grown and 10 F3 seeds of each genotype are
 
retained.
 

3. Two F3 seedlings are grown per genotype but only one plant is 
allowed to produce fruit.
 

226
 



4. Ten F4 seeds are collected from each genotype. Again, two seed
lings are grown,but only one is allowed to produce fruit. 

5. All the F5 seeds are collected from each genotype and are avail
able to send to cooperators for screening at various locations.
 

6. Selections are made by cooperators for F5 plants with plant traits
 
desired at that locality.
 

7. Seeds from the selected genotypes are then increased in the F7
generation.
 

8. At each location, the cooperators can introduce the selected cul
tivars into appropriate seed andproduction certification programs. 

Where selection in the early generation could be practiced, a 
modified SSD is suggested by Villareal 
(14). Casali and Tigchelaa (7) found
in tomato that a pedigree selection in the F2 and F3 generations, followed
by SSD, would maximize breeding progress. Pierce (11) showed also that
SSD following one cycle of pedigree selection would result in progress
equal to that obtained through the pedigree system alone.
 

AVRDC TOMATO COOPERATIVE PROGRAM
 
AVRDC operates cooperative research programs with various tropical
countries, particularly in Asia, aimed at developing technologies 
to improve tropical vegetable production. 
 In 1977, AVRDC supplied 1,329 seed
packets of elite breeding lines to scientists in more than 40 countries
 

(4).
 

We started to receive AVRDC materials in Malaysia in 1974, and evaluated them for 4 consecutive seasons 
in the same field. Our latest
tests indicate that SSD lines with heat-tolerance and bacterial wilt resistance have performed exceptionally well in the peat soil (Tables 1
and 2). Considering the complete destruction of check varieties, 
"Roma"
and "Banting" (a local cultivar), the SSD lines were impressive. Survival
rate exceeded 50% and, in certain lines, 90%. 
 The results clearly indicate the high degrne of tolerance to the bacterial wilt pathogen. In
addition, 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 resistant genotypes a breakthrough in Malaysia. Formerly, we could not
qrow tomatoes at MARDI without glrafting them to wilt-resistant eggplant.
 
In another separate experiment in Malaysia, SSD lines together with
other AVRDC selections were compared. The tomatoes were grownpeat areas where bacterial wilt symptoms 

on new
have not been observed. Theentries gave comparable yields (Table 3). 
 We graded the tomato fruitinto: >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, clearlyshow that selections from a given cross differ from country to countryprimarily because of varied environmental conditions (i.e. different 
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,,It. t Hfv y,.L VC. 'r-i.1 al inl a,i(1djr!f+ 6-]--1p/Satri/l 

prt 1iriji us K tr. 1977, st i'i.I Maa1 i 

SSD tla_'ke table yi ld frui t lays to Survi val 
no. per pl ant hai size flower rate 

16 598 10 42 34 85 
43 53 26 24 23 90 
14 
 525 26 42 
 27 65 
25 438 22 26 25 60
 
47 d20 21 56 28 80 
23 409 20 52 23 65 
44 362 18 33 26 
 70
 
12 350 17 48 28 
 70
 

"Planltd Nov 16, 1976.301 arvested Jan, 1977: data areleans of 20 W1lanS. "Under natural epiphytoic of ,. 
. ;rhncf' ml ti var wa3 roinpl lp el y wiped out by the 

disease. 

Table 2. The best yieldirig VC 9-1-2-913 Venus//Kewalo in a 
preliminary trial; 1977, Malaysia. 

SSD f 
no, pr! 

-irkblel yield Fruit Days tn Survivalapln ha size flower rate 

--- """--l.ia - - - - --
20 775 .3, 32 27 80 
30 1i 22 41 28, 80 
12 .9 19 5,1 32 80 
34 336 17 50 30 55 
45 303 15 58 30 70 
35 28 14 49 30 70 
26 2P5 14 34 32 70 

tWAited Nov 16. 1976 ard harv'!L-',d Jan , 1077; data are mean-, of 2ff Plants. 'Unider niatia, epiphvtotir ofof a" . , " "; iii ' i .'a r wa S colJdl f ; ,0 y viped oul1t by 
the (11',o,5,. 

a rains, if I)(i(vhi-alurn, wit, fluctuat.ions , et.. however,ho li-ia] 
a ],so i'; l , f t o ,lf. ,(It a 1n i w lith 

iti 
q( 0 .V) ih r adaptahility, as in the 

t; '1i i" 1f ' "iiiiw,i"ii (. /(i' tho hieJhr-':l. yield Ibot.h in l 40Phe ,
!j i! , 



T, )1e 3. vie] d aid other t.r', i s of AVRDC 1reeding lines compared to acheck cIil tivar-; I 97/, Ma a -. 
....... .........................................
 

.OVRIC selection(or acc. no.) Fed i qgre(or c(I t i var name) Marketableyield Fruit setv"5- C1.11.. 5 C1: 
-. -_.-... . . . -.--. . -- /) a . . . .. . - - g . . ...-

-t/ha-D55 -16 VC -1t-I- - 5t rir,/Lwalo 31 54 24
555a F5- 13 VC 8- 1- 2-1/at1urri//Kewain 31 80 40
555 -- VS 3-1-2- 1/Sa turrl!,/Kewalo 29 46 24 
7I- - -0--0 VC Il-1-2-1k/Florida MH-I 33 74 38
3-)-9-1 -4 )- VC 11-1-2- I"/Saturn 34 64 38 
db~)- 1-1-0-0 VC 9-1-2- 3/Venus 35 82 40 

1151 Roma' 27 56 36.................----------------------------------------------------------


LSD .05 ns 4 5 
0 i- 5 6 

c.v. ( ) 16 12 
ppI i ed vy r. Leon fh [hye and Dr. Thean Soo Tr-e, 

13 
Malaysia Agri 

,. Ira] Reearch and evel opirlolnt I is ti tute,' Ma lays i a ; Pl anted May 5,Id flarvested 4 Limes startitnq Jul 16 and ending Aug ,; data:: , of', 1 replications. 
are 

Cherk cultivar. 

lale 4. Market,(Iblr yield' )f the ,-; t 51)1 lines from
VC -1-2-1 /V( rio/l'Kewa i n ,rel imi nary trials, 
AVRI)fC, Mala'/,,i and Papu0 qew Guinea. 

AVRDC - la lay)i " Papua lew Gui nea 

Yield S D- - Yield. .no. . . . . ,: Yield- . no.... . . 
- '-- - t/./r -tf/ha

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 
Frui t Cl oud
(check) I (check) 0 2 30
 

P11an ted Al( 26, 
 177; iiear, o f 2 repI i ca tions . Planted,Jll 12, 19/6; menn, of' 2 repl icaL ions. ,oth AVRDC andMl a ys i a t l l vori, uiidhr ni alt.a1 epiph,'totiic of . , "" '' . Dili suplied by Mr. [.4. NIackhiirn, PIHIRS,lolnki, !N); i ,ln )f- ? iroliro io lr, ' 
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We noted that some lines developed through the pedigree method
could outperform some SSD derived 
lines. For example, in the Indonesia
trials SSD line Cl 
503 F5-25 was not as good as the pedigree lines
(Table 5). Low yields in this trial were due to 
inappropriate management practices. The plants were 
trained to a single stem thus limiting
their production potential. These materials, except "Venus" and "Bonset",
are all determiinate , and do not require training to a single stem.
 

Table 5. Yield of the best entries in Cipanas '-hservdtional trial; 1977,
 
HRI, Indonesia.
 

AVRDC selection Pedigree 
 Marketable Survival b 
(or acc. no.) (or cultivar name) yield rate 

-kg/plot- -t/ha- -%
32d-0-25-0 VC 9-l-2..3/Venus 
 3.92 11 100
 
32d-0-1-13-0 VC 9-1-2-3/Venus 
 2.98 8 100
 
32d-0-1-1-0 VC 9-1-2-3/Venus 2.38 / 83
 
(L 95) Venus 
 1.90 5 c
 
CL 503-F 5-25 VC 9-1-2-9B/Saturn//Kewalo 1.64 5 7]
 

Bonset (check) 
 1.05 3 
 64
 

LSD .05 
 0.56 
.01 
 0.75
 

zData supplied by Dr. H. Sunarljono and Mr. S. Sahat, Horticulture ResearchInstitute (HI), Pasar Minggu, Indonesia; planted Oct, 1976 and harvestedJan, 1977. 'Under natural epiphytotics of P. ,.oZ;n wcnwm. 

IMPACT OF SSD
 
One objection to SSD is genetic drift or a great loss of desirable
alleles (12). This objection, however, could be partially overcome if
large populations could be 
maintained to advance generations. With large
populations, 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 demonstratedhandlinaas many as 2,000 F2 lines as initial materials using theSSD. Another disadvantage is that much of the materials advanced through
SSD will 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 
competitive effects among heterozygous individuals 
can be averted as testing
is delayed until the F5 generation when plants are more or less homozygous
(3). Another advantage of SSD, particularly in developing countries, 
is
that less supprvision by a trained plant breeder is required to carry
out simple yield trials. In these countries, 
there isa lack of trained
plant breeders assigned to vegetable breeding.
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However, the more important aspect of SSD at AVRDCevaluation of advanced generation lines at 
is the cooperative

various cooperating nationalprograms. 
 At F5 , the segregating population is approaching homozygosity
and if any of the line should perfom well 
in a specific country, the line
can be'developed into a variety and seed produced quickly for the farmingcommunity. Selections are made by the cooperator himself at a specificclimatic condition and for the consumer demandsTherefore, of a particular region.plant breeders of national programs become active cooperatorswith an international agricultural research center.to When the time comesintroduce the selected cultivar into their seed production and certification programis, they will do so as-active participants in the creation. of such 'cultivrs Thus'_-AVRkC-s tSD technique for tomatoes,cooperative projects and thebetween AVRDC
in the tropics, can 

and various local and national programshelp accelerate the development and adoption of new
tomato varieties.
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TOMATO IMPROVEMENT PROGRAM AT KHON KAEN UNIVERSITY
 

Thaworn Kowi tha.yakorna
 

INTRODUCTION
 
tHinety percent of the work of the tomato improvement. program'0e0 Iriversit.y is processing tomatoes at KhonIecause cfyield per unit area. the high po tential cropIn addition tW the high cropgro1w processing tomatoes yieid, farers canon a large soArte and seem topil s thal with tahIc tomatoes have fewer marktjoinqin Th, ilad, at(9Oreried wi th toriiaUto prrloduts are 

the iiomrnt, factoriesconfran ted wit.irici for 
the prah;elTof inent raw materials the machiies, and the fruit. qua lity doesur, standard requiremenrt-. not 

!-ow irop is re, s -bone for
yiel d pe r unit area,Md pal it, of process10g tonia toes. 

aI Ji(2 , IIuaitityFactors 1Wol,,'ed withid dre hot cliate, Iaw croptoo high a temperature
!). and at frit netting (TablerWjent attack hy pathogens,

,ilt.
h, ia Irf,.1 Consequently, the 
such as virus' Iematodes, andincidence of . " '" leaf spot,r,ot, early blight, late blight, and laif mold are11m, gol VeryI' (1 , if lIely duek to poorLrit, ah-h pH, frut brc), low sol idlo.' total acidity, low con

.,p iI to 
lugar c olant, Cracked fruit sosa btahy micrioria li ,i,, hollm,,i fuitC"011II It and low vitamin C 

The k / to s;fficient 
0' ,o for hii, /iel 

Iroduction of good quality tc'oat,,es is tom id qod qality when grown under aI i ,It'tlee. hot and humidr ,t,tn achieve this goal 
have been made by introducing
'p]'or51 ig t~oim t q va rieties and5'1-1 i,,- Iver 325 tale tomato varietiesit, etwaen 1970-1977. 
 It is unfortunate that few
1 I, ha,'' 1ho ho hghib yield and good quality even when the plants
'.a'r
r,i l ,ra mild 'linito (Table 2). However, such high yields
I i 'Ii a eli'ld I, d onde r we f.caodit ions (Tahl I . 

BREEDING PROGRAi FOR HIGH CROP YIELD 
Ohneurvationi' ':u',,t. tUnat 

iled iigh 
low tomato crop yield in Thailand iswith t.ilpqwra (re, vi rus associ sea ses , nema todes,and bacterial 

'I,,t '0i Ipartmrnft-
Khon Kaen University, 

1ri.p Faculty of Agricul ture, 
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Table .	 Mean yield of some tK~mgto varieties as influeoced 
by hot and mild weather durin fruit setting period, 

Mild weathe r Hot Weather 
Varieties 10 Oc t - I Ma r 2, Dec - 20 Apr 

1972/1973 1973 

SP/h-----------
Hawaii 176 
 79.7 
 59.1
 
Hawaii NU 
 46.1 
 36.5
 
Rehovot 2 64.3 46.6
 

Iehovot 219 78.0 	 33.0
 

Rehovot 0,827 77.8 	 -
Chosen [lon 	 72.2 
 42.5
 
NO 217 
 65.2 
 49.2
 
Royal Ace 	 44..4 36.5
 
fles-/iona 4 70.3 
 33.4
 
Tropic 44.3 
 25.9
 

Tropigro 70.2 
 42.3
 
Deteriinant Marmond 
 63.0 38.4
 
Summer Marmond 76.6 33.9
 

LSD .05 
 14.5
 

,11 tii hiih.I t! rtore resistant n-i - i e.s. 

1. Select healthy plalLs with dark green, thick leaves, hig stens,he v.'fruit set, and wroy seeds per 	 fruit when (rown nder high teipera-
Lure conditinens. 

2. AKect 	 p.it' ,.i tU a high percentage of po len viable under high
teIIpCrature orlditi l-. july a few olicC i 01 penetrate the stylerd reach Il! (?Hgj Ido r high temuper a u ,0dito ,,1 9). Thlerefore, it
 
is Ucr diternf i. the numbelr of [ ,I,, tuo e- Hih , enetich:
the t '7,1h"e , ,tI1 ' the eg . rlii I i.l d i. h u 1inq the Fho o d 
ir r t od ,. f lii L ha v, i," erfiliz('d no,m "' hiqh .llfi-. 
f~tl'' rdi1ioii, 0iitr)ille il . ' Iiih, I I'.1, d .jit'ni ;,],nt'. tha tcr , ' care! (lo d f'( I ,r'(et ,r, ti i, . will 

3.(It It' ttI'dow I I iIat i I I i Ir ii lh t II,,,',, I 'I I.l f.I-tC : 

Slht'I 1;I(. to I f t i( h I I t i I i ;I II I ) , . 

ii t'If iII v rm , I IItl " I r tI- 1-io I . t,,i !11)r t '1,r u t . IIII 
fOi" , i(;l*. wr l jr, , i Thi ; !,!ri i i'. 1 l i u r- i [hn i-

V,
, C( 	 ld .(II If'o li A.v J uI: _ k. , ' ' I F I , If i ;rl( ,Ir ( I il 



4- ' Processing temato varieties under 

VaOrietes Sole 
bolid
br-i:< t " 

acidty initric 
acid 

Totalso.liid ascorbicoSugar
ascorbiccacid a c4d 

ratio 
LyvcopeneYi l 
content Yield 

i(GaT ad'Parker 
r:L-i2 (Oauad'Parker) 

ChicoCico (randee 

C,h - 1134 

", 315 

VP 145 -F 

i 

VP 317 

Techeast 22 

VP 103. 

Saladette 

LSDS D .0 5..01 

3.2 
3.0 

3.5 
4.0 

3.0 

3.0 

Caool. 

4.0 

4.0 

3.0 

4.0 

4.68 

4.52 

4.55 
4.85 

4.83 

4.61 

4.82 

4.67 

4.85 

4.78 

4.75 

0.308 

n.230 

0.399 
0.266 

0.237 

0.245 

0.366 

0.266 

0.301 

0.329 

0.266 

0.336 

4. 

4.46 

4.89 
5.15 

4.4-

4.06 

4.47 

5.5 

5.72 

5.39 

4.81 

5.68 

I-)g-pglo 

20.0 

26.06 
20.0 

14.54 

15.76 

19.39 

19.39 

19.39 
14.54 

15.15 

21.21 

10.39 

10.71 

8.77 
15.04 

10.45 

12.24 

8.93 

15.04 

13.29 
12.16 

11.28 

11.90 

6.37 

8.58 

6.26 
7.83 

7.24 

4.61 

4.31 

5.83 

5.88 
5.81 

4.47 

4.67 

-t/ha
34.6 

34.0 

29.3 
25.2 

34.5 

28.0 

22.3 

35.5 

25.3 
24.9 

17.5 

27.0 

7.3 
7.7 
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wheni grafting the plants. 
 Nevertheless, the grafting method used for
virus transmission in the screening process to obtain resistant plants
is disadvantageous because it is labor intensive and time consuming.
 
White fly (emsisia tabac) 
 is an insect vector able to
tomato yellow leaf curl transmit the(2), whereas A4z'us persicae, Niphotettix virescens,and Nilaparvat. Zugens are unable to do so. Using Bemi-si- tabaci to
induce this symptom may be easier than grafting.
 

Generally, the inoculation method for tomato yellow leaf curl
not as simple as the one is
for TMV or CMV. An effective method or special
techniques for screening resistant genes for this virus should be developed. Irrespective of high potential for resistant genes of tomato
plants, tomato yellow leaf curl virus should be inoculated with plants
in subgenus Erioper.q~con. 

Recently, the..inoculation method developed at Khon Kaen Universityseems to give promising results....... I.t.Asundertaken-.by, insertingapi.......pntiee'ntiss-ue 'from small
f a tomato yellIow l eaf curl pl ant into anotherplant stein. 
To obtain nematode resistant varieties. 
 There appear to be two well
known species of nematodes which are considered dangerous to tomato production in Thailand: Aleloidogune incognita and 12. 
 javwnica. In practice,
there are two steps involved in getting nematode resistant varieties:
 

1. Growing tomato varieties that
such as Lyc.er.icon) are known for nematode resistance,VNan'uVianuF3 
 D'I. 128657 (3), HES 4521and Anahu (1), VFN8 and (4), KewaloVFN36 (5), in soil inorulatedand Al.ihcoql:t(" with Al. javanicaAt high soil temperature (35uC), these nematodes
produce more viable eggs tkan in the lower temperature ranges (10). 
 The
varieties or lines that show a high resistance to the nematodes will be
chosen. 
 The chosen plants are then crossed with a desirable variety which
is good for other characteristics.
 

2. Grow hybrid plants or backcrossed plantshigh population of nematodes for 40-50 days. 
in the presence of a
 

the occurrence of nematode galls. 
This is followed by checking


Plants with nematode galls are discarded, whereas those withut nematode calls will 
be planted. The
screening process is continued until the fifth generation where the uni-formity of resistant lines is assured.
 

to obtain bacterial wilt resistant varieties. 
 The study of bacterial
wIot (rTo 01 )I-s 1the virulent strain ns 1s1inporta n to Thai land becausehas not been reported yet. Simultaneously, there isalso a need, to learn which varieties of tomato possess resistant genes. 
To meet the above objective, screening for the resistant varieties
is the first step. Normally, resistant lines can be obtained by growing
tomato plants in soil inoculated with the virulent strain of bacterial
wilt at a controlled soil temperature of around 32 C, and selecting the
plants that are not susceptible. 
The resistant lines
with the desirable are then crossedvariety whichlacks resistant genes.that bacterial AVRDC (1) reportedwilt in tomato is controlled by multiple recessive genes.Hence, better chances can 
be expected when two or 
three-way crosses are


employed.
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http:I.t.Asundertaken-.by


BREEDING PROGRAM FOR HIGH QUALITY FRUIT
 
The most important qualities of fruit required for processing tomatoesare a dark red color, high solids content, low phi, and low fruit crack.
The fruit analysis of tomaibes is fundamental in this program.


obtained from this analysis will 
Data
 

give information about chemical quality(Table 4). This will 
suggest whether they are desirable characteristics
 
or not. Varieties with good characteristics will be used as breeding
material in the crop improvement program. 

To obtain desirable fruit color. 
During the growing season plants should
be supplied with sufficient K, but not an 
excess of N fertilizer. Select
plants with all fruit well 
covered with leaves. Mature fruit are light
green, or a pale red color without green shoulder on plagts which have
 
a high lycopene content when the temperature is above 25 C.
 

All plants in the subgenus EuZZc o1,r-..',oK should be. used..fo-rcrossing ... in- °rder t"t in des- th'e -Ch aic'e' of 'red-col"o-red-f t..rui. Using varietiesthat possess a crimson gene (oge ) or high pigment gene (hp) are advantageous, while plants with ring gene, apricot gene, high fiber content, 
or green seed jelly should be avoided.
 

In situations where crossing with subgenus Eriopera£on is necessary,
backcrossing to subgenus Eu,'31 xco~l for a few generations is required. 

To obtain varieties with hiqh solid content. A high solids content is an important economic factor for making paste. Using high solidscontent tomatoes will reduce the cost of a product. This is mainly due
to the large volume of material obtained and the short processing time.
 

Normally plants with thick and many leaves 
are associated with high
solids content. Therefore, such plants should be selected and analyzed.
 

While sampling, fruit should be taken from plants that have receivedthe same amount of water in order to get correct results. 

Plants with d high solids content will be crossed with other desirable
varieties. 
 Only progeny with high solids content are then selected.
 

To obtain varieties with fruit havin.a low pH. Factors like waterSupply and fruit age can mislead the analysis of fruit pH. Therefore,all plots should be supplied with the same quantity of water. It is
also important that fruit of the same age be used when sampling for pHanalysis. 
The number of days after pollination and fruit color are good
indicators for maturity.
 

Generally, firm fruit are related to low ph. Thus, selecting plantswith firm fruit is the selection criteria. In crossir ror improvement
of low pH, tomato lines with low pH are often used as the mother plant.In making the selection, plants with more jelly in the fruit cavity thanseed or placenta are preferable, Plants with hollow fruit are discarded.
 

To obtain crack-resistant varieties. Desired characteristics for this purpose are plants or lines with thick and big leaves, shallow fruitshoulder, small fruit stems, and small numbers of fruit cavities. 
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Table 4. Analysis of fruit chemical quality of some tomato varieties in

KKU collIection. 

Soluble Acidity 
 % Total Fruit Fruit
Varieties 
 solid pH % citric solid colora colora
 
brix 
 acid content 
 skin flesh
 

Fire ball 
 3.0 4.62 1.75 5.1 O(g) 28A 
 R(g) 45A
 
Floradil 
 4.1 4.22 2.9 5.61 0(g) 28A 
 R(g) 47A
 
Roma'VF 
 2.6 4.23 2.35 5.1 0(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 5.87 OR(g) 28A R(g) 45B
 

--'AM season 
 4'4"47-22-.. ' 5.81 0(..g)25A R(g) 47A

Rijk Zwaan No 862 
 4.0 4.33 2.05 6.38 O(g) 25A R(g) 47A
Rijk Zwaan No 830 
 4.0 4.25 1.65 
 6.3 O(g) 28A R(g) 39A
 
Rijk Zwaan No 1955 
 4.5 4.15 3.25 7.69 OR(g) 32B 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 O(g) 25A R(g) 44C

VC 11-1 4.0 4.31 3.35 6.209 O(g) 25A R(g) 47B
 
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) 28B OR(g) 34A
 
Nagecolang 
 3.0 3.52 2.3 6.285 O(g) 28C R(g) 42C
 
Futurobrid 
 3.8 4.25 
 2.2 6.18 R(g) 51A R(g) 47B

Mul ticross A-12 
 5.0 4.25 3.1 6.56 O(g) 28B OR(g) 34A
 
Eilon x Hawaii 476 
 3.0 4.31 
 2.4 5.62 OR(g) 32B OR(g) 34A
 
323/72 
 4.0 4.44 2.9 7.203 0(g) 28A R(g) 45A
 
Chico Grande FR 
 3.8 4.55 1.95 4.84 R(g) 44A R(g) 43B

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
 
ASAHIKARI 
 4.8 4.13 3.15 6.573 R(g) 44A R(g) 47B
 
Lyc. pimpinallifolium 
 4.0 4.41 4.15 5.493 OR(g) 34B R(g) 40A
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Vagabond 
 4.0 3.41 2.9 5.978 OR(g) 31A R(g) 47B
 
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) 28B R(g) 47A
 
Romano NR 
 2.2 4.25 2.35 
 4.9 OR(g) 34A R(g) 45B

ACE improved 
 VF 4.67 1.7 8.21 OR(g) 34B R(g) 47A
 
C 28 FR 
 4.0 4.45 18.85 6 03 OR(g) 34B R(g) 47B
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Table 4. (cont.)
 

Soluble Acidity Total Fruit
Varm ties Fruit
solid 
 pH citric 
 solid color' color-"

rix 
 acid content 
 skin flesh
 

Roforto vfp 2.4. 4.38 1.6 4.94 
fJapoi VFH 4.0 3.37 2.0 5.2; 

5 FL;F 2.8 4.8 2.2 5.37 
cross 4.0 4.27 2.45 6.68 

,t)acos 3.9 4.51 2.2 5.48 
Moiwy dor 4.0 3.42 2.4 5.978 

p 
Primset 

3.0 
3.0 

-
3.58 

1.9 
2.3 

5.192 
5.0 

"'Id Cloud 3.0 4.32 2.3 4.89 
Tiny Tim 2.9 4.4 2.6 4.43 
Lony yur 3.9 4.51 2.2 5.48 
irohigro 5.0 3.38 3.4 5.567 
it L-13 3.0 4.35 2.15 5.062 

namad 3.4 4.28 2.4 5.87 
;0 rhovot 2 3.0 3.38 2.85 5.754 

F 7 7 3.0 3.54 2.2 5.225 
N,',- 11.a . 4.? 


,f i, classifind 
rh Londonc~ir, 


screen Inin for 
p1ants:e )Iato and let them bear fruit during the 

'irleCr i rri goLion syis tem. * nk 
 These conditions 

4.25 2.15 
 6.57 


accordin to the Royal lori 
England: 0- orange, Rred, 

crack-resistant lines , the 

0(g) 28A R() 42A 

OR(g) 33A R(g) 46B 

0(g) 28A R(g) 45C
 

OR(g) 34B OR(g) 34A
 

0(g) 28A R(g) 42A 

0(g) 2"A )(g) 478, 
0(g) 2,4A R(g) 42T, 

0(g) 2(1A 8(q) 39A 
R(g) 48115F ,(q) 

0(g) 25A R(g) 42A 

0(g) 24/ OR(g) 34A 

YO(g) 17A R(g) 42A
 

0(g) 28A R(g) 47A 
OR(g) 33B 
 R(g) 478f' 

O(g) 28/i ,(g) 44iA 
OR(g) 31A OR(q) 34A
 

uLiC1tur1l Soc iety
 
YN-ellow; (g)vgroup.
 

technique is to grow
rainy season or Under 
will reveal whether theli n1or plant, cia r/ crack-resist<ant genes or not. 

llowinvg torlj. fruit from varit-s planit,, to ablsorb- water(-hIe _iLog )r" and their0 1 t V/OS ',riggi tmi hy M'e<zoly (8).tilt. 01(i ie also <.tato.(dli ,,of d friit, to absrh 0.--..I y of watrt. without anyffer (m cr-ckin inndicate thit, the fruit has a crack-resistant 

( rall lv~-pl lt or 1ines with good characteristics are suscejtibleI, (:a6 . It- is pt eferaohle to crmss with "Rona" type or "Sari 
Maiizanil
which iore crack-resi,-;tant varieti os. 
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SELECTING FRESH-MARKET TOMATOES 
IN FLORIDA FOR RESISTANCE
 
TO BACTERIAL LEAFSPOT, AND INHERITANCE STUDIES
 

IN IMPROVED ROOT DEVELOPMENT
 

R,13. Volin"
 

BACTERIAL LEAFSPOT
 

Tomato leafspot caused by xa> tlhomona, ea to,1 (Doidge) Dows.(XV) is often a severe foliage and fruit disease of tomatoes (ii <op ,n.zronexc-17en , Mill.) in both temperate and tropical regions of the world.This disease is among the most difficult to control and is the most comnon 
foliage problem in tomato production in Florida. The disease
also attacks various species of pepper (, ;, spp.). 

Foliar symptoms include the appearance of circular, water-soaked
spots which become necrotic and measure from 1-5 mm in diameter. Infectedleaves soon turn chlorotic and drop. Necrotic spots often occur on 
fruit
well. Although infection is not systemicas in nature, a downwardcurling of the diseased foliage is a characteristic response 
to infection.
In Florida, where over 16,000 ha of fresh market tomatoes were producedduring the 
1977-78 season (1), XV outbreaks can occur anytime during the
crop season, however they are most prevalent from mid-Aug through Sep,
early in the season when temperatures are high and rainfall 
 is abundant.Predisposing climatic conditions often occur again in May, at the end of

the crop season. 

Tomato plants are established in the field in south Florida by
direct seeding, thereby exposing very young plants 
to field infection.
C.ontrol measures are only partially effective but include the combined
 spray application of manganese ethylene bisdithiocarbamate and cupric
hydroxide. Alternate applications of Streptomycin sprays have only
short-term 
 effectiveness because strep-resistant strans soon
predominate (2, 10).
 

Resistance to XV has been reported in a number of cultivars and
introductions of - spp. (6, 8). Resistance was characterized byhypersensitive necrosis and limited , ., bacterial multiplicationfollowing foliar injection of concentrated inoculun1 (9). This response

is simply inherited (3).
 

Tie search for resistance in tomatoes has not been very successful. 

"Associate Professor (Associate Plant Pathologist), University ofFlorida, IFAS. Agricultural Research and Education Center.

18905 S.W. 280 Street, Homestead, Florida USA 33031
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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).
purpose of this report is to 
The
 

identify some tomato introductions having
disease tolerance and to discuss 
our procedure.
 

MATERIALS AND METHODS
 

A group of tomato Plant Introduction (PI) accessions obtained from
Dr. W.H. Scardla, USDA Plant Introduction Center, Ames, Iowa, 
were
evaluated for field tolerance-,to.bacterial-.leafspot. £.cper~'con.b-u
etztwn candidates selected by R.T. McMillan, Jr. (personal communication) for continued testing included: P1270243, P1272664, P1140403,
P1129061, P1270266, P1272711, and P1134208. 
These were used as 
parents
in 
crosses with commercially acceptable fresh market tomato cultivars
(11). 
 Progeny from these crosses were screened for resistance and
evaluated for horticultural acceptability for five generations.
 
Inoculum 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 106 cells/me


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 intermittent water mist for 48 hrs. 
 The mist was timed to spray for 15 
sec
out of every I 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 (DI)
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 leaflets of the susceptible entry FLA 720635-
I. The quotient was multiplied by one hundred to give the DI.
 
Maturing plants in the field were rated according to a numerical
scale from 0 to 9:0 
= escape or immune, no visible symptoms; 1 = spots
very small 
(:0.5 mm dia), necrosis very localized on older leaves; 2
spots small (70.5 inn), 
 necrosis localized; 3 r spots small (Z-1.0 mm),
necrosis very limited; 4 
= spots moderate in size (Ci.5 mm), necrosislimited; 5 z spots moderate in size (_T<.5 mm), necrosis more evident;
6 = spots occasionally coalescing 72.0 mm with necrosis; 7 
= spots
coalescing 72.0 mm with necrosis; 8 
= spots coalescing -2.0 mm with
considerable necrosis; and 9 
= spots and necrosis coalescing and covering
much of the leaf. Ratings 1-3 were tentatively considered resistant,
4-6 moderately resistant, and 7-9 susceptible.
 

Seedling plants were evaluated initially after the susceptible control 
entries began exhibiting symptoms, usually after about 8 days of
incubation, and were 
rated at least once again after 5 days. Althoughcotyledon leaves often showed symptoms, only the first true leaf of eachseedling plant was rated. The field plants were rated approximately 2
weeks after transplanting and again at the mature-green fruit stage.was unnecessary to re-inoculate the field transplants as 
It
 

secondary
disease-spread had occurred since the initial infection. 
 Bacterial
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lesions 
on the fruit were not rated quantitatively because of the unreli
abil ity of infection.
 

Susceptible plants were 
discarded in the F 
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 I 
was derived from combining all the selections within
 
a family.
 

Table 1. Bacterial leaf spot comparative disease index and ratings of
tomato hybrids, L. e.2uZlentum accessions, and cultivars evaluated as seedlings and maturing field plants.
 

Filial generationa
 

Disease index and rating
Accession, improved 
 F2
selection, or culti- F4 F5
4 
 5
var 
Sd t
S. 
 Sd Mt
 

PI 270266 
 MR 5.0 
 89 
 4.0
PI 272711 
 MS 4.0 
 45 4.0
PI 134208 
 MS 2.0 17 
 4.0 105 
 3.0
 
Pi 140403 
 MS 2.0 22 
 5.0 
 55 3.0
 
D7151
 
FLA 2148/PI 140403 MR-S 
 21 1.00 4.5 117 
 1.48 4.8
 

D7153
 
FLA 2317/PI 140403 MR-S 
 25 2.12 
 4.5 142 3.00 6.0
 

PI 129061 
 MR 4.0 11 
 3.0 95 
 3.0
 
D7154
 
FLA 2354/PT 129061 MR-S 
 19 0.71 5.5 149 
 2.00 7.0
 

D7155
 
PAKNMOR/PI 129061 
 MR-S 
 21 0.58 5.3 
 120 1.41 7.0
 

P1 270243 
 MS 2.0 39 
 6.0 
 73 3.0

D7288
 

PI 270243/FLA 2432 
 MR-S 
 61 1.20 8.0 
 68 1.10 7.0
 
PI 272664 
 MS 3.0 44 
 6.0 29 
 3.0
 
D7289
 

PI 272664/FLA 2432 MR-S 
 44 0.50 6.0 
 77 1.30 5.0
 
FLA 720635-1 (check) 
 S 8.0 100 
 8.0 100 
 7.0
FLA 2432 
 S 7.0 97 
 8.0 127 8.0
WALTER 
 S 7.0 94 
 8.0 I17 
 8.0
FLORA-DADE 
 MS 6.0 91 
 7.0 167 
 8.0
 

UF3 plants were not evaluated for bacterial leafspot resistance.
Disease Index = 
average number of infection lesions 
on terminal leaflets
of candidate seedlings divided by the average number of infection lesions
on terminal leaflets of susceptible check FLA 720635-1. 
 Rating value assigned as 
1-3 (resistant), 4-6 (moderately resistant) and 7-9 (susceptible).
Sg = evaluation as seedlings kn greenhouse flats. "Mt 
= evaluation as
maturing plants in the field. 
 Sd = standard deviation of the means.
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RESULTS
 

All the PI accessions and Fi 
hybrids 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--plantIfamilies
Te i7&K-P'I 276266,P1272711, and PI 134208
were used as 
parents had very few F2 progeny which expressed any measure
of resistance. 
 Those families were not considered further. 
From 8-33%
of the F,7plants from each of the other families were retained for
future evaluation. 
The F3 generation plants
as were not screened in flats
seedlings because of inadequate space but, instead, were
to the field and inoculated at 4 wks of age. 

transplanted

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
(Table 1). less than FLA 720635-1
 
symptoms. 

The lines D7151, 07154, and D7155 demonstrated the least
In the field, disease ratings were lowest for the
families. same three
The standard deviation (SO) 
of 2.12 was especially high in
family D7153. This suggested that the family line was 
still segregating
for disease response. 
The disease symptoms among both the seedlings and
the maturing plants were greater during the following season
than in the F, families. Most of the PI 
in the F5
 

accessions also had a higher
seedling disease severity than during previous seasons
nearly as high as and were rated
the susceptible check line FLA 720635-1. 
 All the plant
families except D7288 and D7289 had seedling disease symptoms greater
than the susceptible check. Only the field ratings among the family
selections and PI 
accessions 
were somewhat lower than FLA 720635-1.
 

DISCUSSION
 

The presence of 
restricted disease development among the PI
sions accesin this study initially suggested that disease pressure should
promote selection of plant segregates with a level 
of functional 
field
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. 
 Several explanations could be proposed as 
to why this moderate
resistance was not evident in sel.cted progeny: 1) Resistance to 
this
disease in tomato may be conditioned by multiple genetic factors.
transfer of all The
factors needed for moderate resistance would require the
evaluation of larger numbers of progeny. 
 In our study the FP population
for each family numbered from 200-260 plants.
more To screen and evaluate
 
2) 

than this number would require a great increase in space and
Bacterial isolates were time.obtained from several tomato cultivarsfield which very likely were in the a mixture of differentially pathogenicstrains. 
 The proportion of pathotypes possibly vried 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 horizontalresistance. 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 affecti-esponse_ 

-~ di ffr~~vi~Epr(3h7t inthiat progen ies segregatethe field for determinant/indeterminant 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 T,.
 , plant types. Other tomato species may carry factors conditioning resistance (7). We have noted that an accession of L,. hii'nu.wun,appears to possess a hypersensitive response to XV in the field.

has not yet been verified by seedling 

This
 
tests. We emphasized the selection
of desirable horticultural characters with a minimal number of backcrosses. In other studies, no XV strain was found to whi;Hh tomato washypersensitive, although isolates from tomato were found which weredifferently pathogenic on specific pepper selections (4). These resultssubstantiate the likelihoodthat pursuit of usable field resistance toes)ecial ly among L..,.L,',, selections, will be unproductive and 

XV, 

any type of hypersensitive resistance could be overcome 
that 

in the field by
new XV strains. 

INHERITANCE STUDIES ON 
IMPROVED ROOT DEVELOPMENT
 

Brovn root rot (BRR) disease of tomato, caused by p'..'mr i,,cz
r"K- Schneider and Gerlach, is not considered a common disease inLropical or subtropical areas. However, this fungus has been isolated

from tomato roots grown in south Florida (R.T. McMillan, Jr., personalcommunication). It is visibly-pathogenic in fields where tomatoes have 
been continuously grown for several 
seasons. Brown lesions form on theroots 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 resistaice 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
tionino resistance to BRR. Although somewhat preliminary, we feel that
the research proqress merits summarization and discussion. 

MATERIALS AND METHODS 
Tomato accessions evaluated in the field were selected on the basis 

resistance to 
 , '.. ,oft-, Hybrid progenies, composed of crosses 
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between resistant accessions and the commercially susceptible cultivar
"Flora-Dade" were also evaluated in the field for resistance.
selections were backcrossed three times to 

Resistant
 

"Flora-Dade" and screened for
disease response after each backcross (Bc) generation. During field
evaluation of the third generation Bc progeny, the extracted roots of
each parental line and the Bc selections were freed of soil 
particles

and weighed.
 

Five roots of each parent contributed to parental means.
progeny mean The Bcfor each family line was obtained by weighing individualroots from each single plant selection. 
 A different number of selections
were chosen for each Bc line. 
 The PI

the PI 

270278 family line had 23 selections,
142880 line had 6 selections, and the PI 91458 had 7 selections.
 
The results reported herein 
are from only three selected Bc famiy
lines which illustrate advances in improved root development. Many
others have been evaluated. 
Advanced commercial
than "Flora-Dade", have been used as 

tomato selections, other
 
recurrent parents.
 

RESULTS AND DISCUSSION
 

The fact that "Flora-Dade" is susceptible to BRR contributes 
to a
greater decline in root development than would be present in soils free
of the disease organism.
and a 

"Flora-Dade" is resistant to vertic(illiuum wiltwilt races 1 and 2 (12). Comparisons of root size of "Flora-Dade" and the Bc selections in two families indicated that an 
increase in
root weight approaching 53% 
was achieved (Fig. 1). 
 This improvement was
 

PI 270278 

Pt 270278//

Flora .Dade
 

PI 142880 

P11 42880///
 
Flora. Dade
 

PI 91458 

PI 914 5 81 
Flora.Dade
 

Flora-Dade 

10 20 4030 50 60 70 0o90 100 

Root Weight (g)
Fig. 1. comparative dry root weigjht,; and standard deviationof the lmlarns of tomato hackcross, . ,,.;, .,w. accessions, and the fresh 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 Pchieved.
 

It is likely that through recurrent selection, additive factors
conditioning-large-root-si-ze-have-been- diluted. 
 Zobel (14) demonstra ted. 
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 all 
gains 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 Florid,,

A program for selection toward improved root development must be coupled

with disease resistance evaluation to achieve the maximum benefit.
 

...... .... ;...'.............A 1
 

7 . FT 1 

a:, ,eparatIonfor plantln fresh-ridrkttom toes Afterfumligatin,theplastic-covere-tJ irePer3 t if -ttad, Florida, USA Raisedbed%contaln n fotated(sr.ll h es) to allowwaterpretratiunfe-tillierare tjetted wlth fumigart(tanksin C fron rriqatlon0 Plant!,becomo eltablshod in ',A frontof tractor) through chise, in front of th, Iarqer hole (30 c,apart)bydirect ,evdi1no.rollr. Plasticrxilch coversthe bods itirodliately

aftr hinection. Ii, michile cal treat arid cover

about I haday.
 

After being dumped in a chlorinated waterbath, 
tomatoo to qraded by hand and sorted by slivreuh-rkt tomatoes are n Sortd anf( D autonaticully by pashing over movinq )a t nott
aed for shippilj. Paciaing i. a~toatic, ta ing Opecifica1by-,lind hoben. 
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DISCUSSION SESSION IV
 

Tong: 
 In your screening program, do you use any growth regulator to
 
facilitate harvesting? 
 If not, could you describe your, harvesting method?
 

Villareal: No. Howcver, we are experimenting with ethrel to stimulate

concentrated ripening. Normally we harvest ripe fruit weekly over a period
 
of 7 to 11 weeks.
 

Chag.: Why do you use a minimum night temperatur8 of022 C when the range

for minimum temperature in the summer is ab
8ut 23 -25 C in Taiwan? Usually

the screening temperature should be set 2-3 
 above the mean monthly tem
perature.
 

.. 	Villareal: We are not using a minimum night temperature of..22 0C..--. AVRDC

doesin hvfaclities to control temperature. Thus, we conduct our
 
field screening during the 
summer when minimum nigbt temperatures are
 
never below 21 C and usually are between 23 and 25 C.
 

Villareal: Mr. Kowithayakorn, please comment as to why most of the cultivars you )resented in your slide have very low soluble solids. 
 I think
 
the highest you have is about 4.
 

Kowithayakorn: First of all, 	 °
in the table, I showed soluble solids (Brix )

and percentage of total 
solid content. Soluble solids is different from
 
solid content. Sugar is one material in the group of soluble solids
 
content, which affect the Brix. 
Many factors increase the soluble
 
solids and sugar content including limiting light, high N-fertilizer
 
application, high soil moisture content, and genetic background.
 

Riley: Did I understand you to say that resistance to nematodes decreased
 
infection of the bacterial wilt pathogen?
 

Kowithayakorn: 
 No, if we want real bacterial wilt resistance, we should

have both nematode and bacterial wilt together in the screening block. 
The nematodes will make a wound which the bacterial wilt can easily enter. 

Villareal: What proportion of the 16,000 ha of fresh market tomato in
 
Fl-o-ri-da--is direct seeded? 
What 	is the rate of seeding per/ha?
 

Vclin: Two methods are used for direct seeding. Only 1200 ha are direct
 
seeded without the use of plastic mulch. About 5200 ha are direct seeded

through plastic mulch, using the "plug-mix" method where se d is mixed
 
with 	vermiculite and peat moss and hill-planted with 12-20 seeds per hill. 
Without mulch the seedina rate is about I kg/ha. U1sing plug-mix the rate
 
is about 14 kg/ha.
 

Rijeey: What is the relationship between disease index, DI, and ratings
 
1-*3 (R); 4-6 (MR); and 7-9 (S)?
 

Volin: Generally, disease index ratings on seedlings (based on a sus
ceptibly check) and maturing plant rating 1-9 correlated fairly closely.

However, in some cases a tolerant seedling selection was rated suscep
tible in the field. The seedling ratings were quantitative, whereas
 
the maturing plant ratings were qualitative. 
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Riley: What environmental conditions favor bacterial 
leaf spot (BLS)?
 
Volin: 
 The temperaLure nptirnum for BLS has been reported 
to be 28-300C.
Rainy conditions with water-soaked foliage and nigh temperatures predispose the plant to 
infection.
 

Riley: 
 Does the plastic mulch promote or lessen BLS?
 
Volin: Plastic mulch tends to 
promote BLS because the splashing action
of the rain is accentuated.
 

Valdez: Please elaborate further on 
the screening for bacterial 
leafspot resistance, both in seedlings and field plants.
 
,- Volin: S eedl ith-s Whc'hav-a-w-
 ae plantedare in the field. Ratingsthen conducted among the field selections and only those having alow rating are advanced. 

Tong 
: Do Florida farmers 
use ethrel for uniform maturing before the
harvest of table tomato? 

Volin: To concentrate aturity effectively and without damage to yield,
-t-he application rate of ethrel must '-, 
controlled very carefully andapplication timing coordinated with 
'Ine proper growth stage of the plant.
Ethrel has been used only experimentally in Florida 
as a pre-harvest
application. 
There are regulations against its post-harvest use.
 
Tong.: 
 If ethrel is not used, how many times is a tomato crop picked?
 
Volin: Generally, 
tomatoes produced on ground-culture are picked twice,
wieeas those produced on short stakes 
are picked front 3 to 4 times,
depending upon the market price.
 

- eTong:
What is the average yield of table tomatc for (a) determinate type,TET 'indeterininate type. 
Volin: 
 The average marketable yield for fresh tomatoes of the determinatetype ranges around 10 t/ha. 
 Few determinate types 
are grown in Florida,
but the yield would probably approach 12-13 t/ha.

(12-13 t/ha).
 

Tong: 
 What is the cost of plastic mulching per ha. Can you use it for
the 2nd planting?
 

Volin: 
 The current cost of plastic mulch is approximately US$380/ha
just for materials. 
 The cost of application would be extra.
 
At present it is removed by burning and 
not used for a second crop.
It would be feasible to 
use it for a second planting of a short maturing
crop, i.e. 
 summer squash.

tomatoes With the advent of machine harvesting of
the culture of a second crop on 
the same soil beds is quite

feasible.
 

Villareal: 
 With good vine storage, how long 
can ripe tomatoes stay in
iie- field 
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Stevens: This is highly dependent on the environment. High temperatures

or excessive moisture shorten the time. 
 in California, it is not uncommon 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 _ Dry wi of fruits
 
Total-dry mititer production Yweight. of.fruit .and dry+vines 

Everett: What environmental conditions promote white tissue formation
 
in the firm-fruited varieties?
 

Steven: 
 There 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 cool

nights increase the discoloration problem. In areas where there are
 
extreme diurnal fluctuations in temperature the problem is more severe.
 
The severity of the problem is clearly related to genotype.
 

Hubbell: What happens to Q-tomatine as fruits mature?
 

Stevens: 
 In the genotypes we have studied it disappears as the fruits
 
mature. 
We have becn unable to find c-tomatine in breaker stage fruits.

cx-tomatine has some mammalian toxicity, it is degradated by a specific

enzyme into a sterodal compound which is apparently non-toxic.
 

Yaf!g: What is the distribution of ct-tomatine in various plant parts of

the tomato? 
What is the last stage to assess c-tomatine?
 

Steven: 
 It is greatest in young leaves and gradually decreases in foliage
as it matures and senesces. 
The fruits contain less ci-tomatine than

foliage and lose the compound as they mature. 
 I don't know about concentration in the roots. 
 For comparative studies a seedling stage would be
 
good.
 

Yang: Dr. Rick, you mentioned that there are about 36 races of L. *peu
viwan2mo. 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
[,. p 'via)zmz. 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 loci from alleles before the survey

would be meaningful. 
 The answer to your second question is yes. We havestarted the pedigree studies and hope to survey the species for this type
 
of variation,.
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PRODUCTION AND MARKETING OF Fi HYBRID TOMATO SEED IN TAIWAN
 

aKnown-You Nursery & Seed Production Co. Ltd.
 

INTRODUCTION
 
The tomato is an important vegetaile and larne quantities of seeds are req uired around the world. Sin(.e -1 h/iriid timii1a -,t have the advantagesof hybrid vigor- (i.e vigqrots qrowth, qood uniforii ty, and high yield),the demand for hybrid seeds has i: ra ,ed rapidly in recent years. 

Although tomaLoe, have lmr prv, iii laoan For over h(O rs, the commir( ial JrIoducticn aid mark'ti F1 1(1rid

196I0. The first cimmiercial hybrid1 


ri 1 f h tolmato -od c v l 'n itarted in 
var it i 1ilaiwan wa '"farmer Ni .*1,which was developer! and rel eased by Farmers Seed Shop i n i960. (ThisShop was reorganized and combined with Taiwan 'orticulturel Pesearch Farmin 1967 to become Known-You Nursery & Seed Productco , Ltd.) In 1961,Farmers' Seed Shop accepted a contrac t to l()u(fIc F11i hyrid tomato seedsfrom parent lines supplied by a Ja panese seed firm, and 50 Lq of hybrid

seed were exported to Japan in 1962. 

TECHNICAL IMPROVEMENT OF 
F1 HYBRID TOMATO SEED PRODUCTION
 

There were several e; t-jrimental production tests of F1 hybrid tomatoseed in Taiwan's Agricull.urlExFperinment StatIi.ns before coui'iercial prodaction began. FIt the iproduct i on procedtros wer( too compl icated andmireconomical . In nialingr ror5lcs., the flower was emasclated before!Iellen dehiscence. A paper haq was pat. on tho ,'nasculeted flower to U,elude foreiri pollen. Next day, ipre.fordtt in t hE morniri g, the eiiascilated flower' was p llinated and reclofed with a paper 
 baq. Then anidentification tag was fstened on t he pdldicle. The efficiency in hybridseed production by the above procedures is low arid irs tahle. 

fn order to i wiprove (ficieric,' . (flia illation mr';od ',eS, pollencollection miiethods, 0llirmiaon imrnimehods, and envi rlmiri
mirtal factors have
been studied by the Farmr' Seed Shop. 1hr" foll owin tecthni(Fles are now 
used for coliiiercial production: 

I1. P0I5 sea1on. Toiatoes can be planted in southern Taiwan from,.p- Feb. But for hybrid seed production, it is iest to plan t in Sep
and harves hibrid seed inrFeb oF the rm,,:t year. 

26, Chung Cheng 2nd Road, Kaohsiung, Taiwan, Republic of China 

y 54 

http:StatIi.ns


2. Ratio of female and male parents. Normally one male parent canprovide sufficit pollenfor six emale parents. 
3. Sowing and raising seedlings. Parentproduction are 

lines for F1 hybrid seedusually not direct seeded. We normally sow male parents
1-2 weeks earlier than female parents 
to obtain sufficient pollen when
female parents are ready for crossing. Seeds are sowed rather heavily in a
sand box, and then transplanted to seedling pots at the two cotyledon
stage. Seedlings can be transplanted to the field when they have 4-5
 true leaves.
 

4. Transplanti.
field. 

Male and female parents are planted separately inthe FemalTeparents, spaced 45 cm apart in rows 80 cm apart, arePruned and staked.' Male parents, spaced 60 cm apart in 

will 

rows 120 cm apart,

grow unstaked.
 

5. Stakinpand prunin. Female parents are staked in order to,make
both the job of Tand o1lination easier and to reduce fruit rot. ,iffemale parents are indeterminate, they need to be pruned to one or twomain stems. Determinate types 
can be pruned to 3-4 stems.
 
6. Emasculation and pollination. Emasculation normally starts with
the 2nd cluster 

ing, 
of flowers in the female parent. Two days before flowerthe anther cone is removed by forceps. Emasculation is usuallydone in the afternoon. When the emasculated flowers are flowering, whichcan be identified by the color of the corolla, the pollen collected fromthe male is put on the stigma of an emasculated flower with thefinqer. Then 3 sepals littleon the pollinated flower are cut to identify itwhen the fruit is mature.
 

Pollen collection from the male is improved by shaking the flower
either by hand or by vibrator. Pollen can be stored and used for
several days if kept in cool, 
dry storage.
 

The "escaped-emasculation" flowers or selfing-fruit on the femaleparent should be removed as soon as possible in order to avoid contamination. Setting 4-5 fruit on each cluster will be enough for a mediumsized variety. 

7. HarvestinUg, washing ,anddrying.
and stored _ place 

Fully matured fruit are harvestedi-n cool for 3-5 days as "after-maturing." The fruit
are then crushed and put in 
Then 

a wooden or plastic container for 1-2 daysfermentation. they are washed in running water until the cleanseeds sink. The water is drained off and the seeds are dried. 
8. Yield. The yield of hybrid tomato seeds varies according to theparent lines used for production, climatic conditions, and growing state,etc. The average yield is about 200 kg/ha.
 

FACTORS FOR DEVELOPING Fi 
HYBRID TOMATO SEED INDUSTRY
 

IN TAIWAN
 
[hybrid tomato seed production has become 
 a big business in Taiwan 

and is playing an important role in providing seed to foreign countries. 
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Tile condi tiors for such development are: 

I. The ai uate i southern Ta iwn is most suitahle For growingtomato during dryth-e season. The adequate temperature and sunshine,and scarce rcnfall I provide qgod condi tions for fruit setting and seed
devel opment. 

2. Ton,:a anU ; luted 
This crop 

in the irterva between two (: us of rice.roi ,ei rot only can incn'e(> land use but also can 

rQdction3. The < of F: hybrid tUnato seed requires advanced technolo,,gy, higily intensive culLivatiou, aid skillful Manual labor which 
cannot 1'e replaced by machinery. The developed countrieshand-pollinated cannot iroducehybrid seeds econoically due to high labor costs.F,.rthermore , allnot countries witih cheap labortor ato can produce F:seeds because of the strict condition0s required. The impormosttaut of these conditions are the farmers' industry and expertise withintensive cultivation methods. In this connection, Taiwan in
swperior position develop hybrid 

is a
 
to sceds. 

MARKETING OF 
Fi HYBRID TOMATO SEED 
IN TAIWAN
 

F] hyhrid tomato seeds produced in Taiwan are either formrarket consumptiou or for export. local
For local market, rost hybrid varietiesare deveoped and released by nowin-You Nursery and Seed ProductionComnpary. The annual requia ret, is only about 300 kg. 
 The iajority of
F! by. 
id toa to seeds are produced by using parent lines ,upplied byforoiqu 

' f 
ori ,n and the hybrid seeds are e>:pnrted. The local seedcon c~il " t froma orders foreipn seed corpanies arid then aill 

, local farmers to prodtce hybrid seeds.e r.i,<) , According to our
i k,; (;( F- hybrid tomato seed were exported in 1962. 
 Th isni'eased to ahoujt 5 ,000 ini 1977. Most of these seeds are :xported
to U ". , ,%iparl, arid Fu rope. 

PROBLEMS OF Fi HYBRID TOMATO SEED PRODUCTION IN TAIWAN 
Sirce the industry is expanding rapidly in Taiwan, F: hybrid tomato;eed producers are finudin it increasigly difficult to huire farin laborto do hluJ-po]Iiratiori. The cost of labor is incr-eain(. ,,ie forecastthat after -5yrs, Taiwan will no longer be h;e to produce F, hybridtortato seeds b-cau,se of laborhigh costs. 

256 



TOMATO PROCESSING BY THE PRESIDENT ENTERPRISE COMPANY
 

P.Y. Hsu
 

Anriculture is a vital component of Taiwan's economy. Al though
in is becoming more industrialized, its agricultural population stillaccounts for a large proportion of its total popul atioui. Agriculture

"ill the cornerstone of the Repuhlic of China's 
is 

economy. 

Th- Pre.sident En terprise Compiany is deeply involved in the production
i l de ri Ved f aqr i ct If.u re. -fhese products include: f 'ed, flour,1,' t nl~oles, s dii o nned goods, soy sauce, dlir products, 

,,r,tLs.nan cothorc. r goal is to provide an outlet for agri
1 rio 'fw 'hy in'crease the welfare of farmers. Wi thI_ w'o 


t te nfl, tnitlishod our tomato processing plant.
 

Tn51.!.,prto 
 (: s r] plant was constructed in 1973, and began operai. i+'; . The pp i-,located beside the main highway near the
 
i 1 0! Alsi,-hsiiused to produce fruit juice and
/1so assorted , o;,,,,0 ,,.i, it-s ;iliin product is processed toiatoes. We installed thei ~itr, fi.oPu i1-at al ii machire, and established in excellent system

ft Irm,,ro ror'acutrwith farmers. Thu , we are 
able to produce good
lur t,', o' nt ,,tf h 11,tvi r ( ood H u ipirent and lood raw materials.tit*, s I',, Or!,, m i've faced rany difficultiec.. hit by providing 

o. . , , ti'H 'lu 1i t and making contino)s efforts to open new 
it , .., ri ,r i !P e 'lo ntr+r fnr(iqf i mark:ts. 

.
or.' fi ' rsf.Jtrli 'hrd the tomilato rocessing plan t, we ..re
fl' fli ,,iti th wo'ld .il cci s. The ros"lltirig world-wide economic re-Sslimn e,,IV orh,.v ,,01,wto e.portilrg industries, and the tomato pro
i1 i I I t'r'; ' '.y' ' .'l(: . serin; reduction in markets and Iow-i... 


"I+,s ,,,i ,- , fi *,,u
r heavy losses so we adopted the following mea
01~ T,SI0r1)it oo 

I. ".o1itd ii : f tifo. r[aiwa1 tat, 
S. : o ek .t. Japan has beer, the imain mrarketao ; io s th1U.Sp, limarket rIe nn a Vepry hi oh 

, ,i dt,,d I riditI r)d e.ausi, of the high ;hippin q c'ost,, to the U.S., Tai, toimoto soId-irtrrrornlyIs to the Japnre(e market. Ili prepalration
frrr ,rteri ifthe ij . markfet, our' coi pany Serlt a technician to the U.S.'to lrfi,ipo. in the ational Catnninq Association's quality controltririfi ' i 111,1 an . After thaL, we were able to improve the qua lity ofour C0rrnfI1, to!ntn prol(or(. in the lS',t 1 years, we have sold more thanorn1-fhirid o!' mr t.onir to p'; tl to th 1 .'.arid Puerto Rico. We have berenal l( t, sat.1 our' trr1'er',il the .S.,i,. 
 ruid,ii so doing, break theI;,'r'kntiH h ttjro a idnf'n a broad outleto l l k: ,i 
 for the products of the
Foiwrn tomfallto:ariiig indutry. 
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2. Increasin. concentration. Until 
now, Taiwanohas produced only
low concentratiomnato paste -of less thana more concentrated Brix 28 . We consider thatpaste can reduce shipping costs,
the concentration of our paste as much as 
so we have increased
 

possible. 
We are now producing
large quantities of Brix 33 
 products for foreign buyers who welcome
the more concentrated product. We are still making efforts to increasethe concentration of our paste further. 
3. Introduction of 4.5 kg can size.
paste onlyTin Taiwan used to produce tomato36 kg and4"*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 continuing to develop even larger containers in order to reduce further
production and shipping costs.
 

4. Di 
persion of markets. Besides Japan and the U.S.,
explGited-the Midle East, and the Philippines markets. 
we have also 

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 tomarket in Japan, they run a serious risk of suffering heavy losses.policy of dispersing markets, on Our
the other hand, can provide a stable

outlet.
 

5. h___lementation 
 eroduction and sales plans. Unplanned production and-marketing have Te~ethe min 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
marketing plan. 

us to make a successful production andGradually, however, we have been able to obtain regular
buyers.. 
 On this basis we are now able to determine each year in advance
how much planting acreage will be needed and contract with farmers

accordingly. 

6. Improvement of varietiesand quality. Quality is closely correlated with varie-ty. Our comipany tests new varieties each year in different areas with different soil types. AVRDC makes a 
big contribution in
this area.
 

In general, through our efforts, buyers have gained confidence in
our products, and we have been able to establish a broad and stable sales
network. 
 We believe that on this established foundation our tomato
canning has 
a promising future and can make a valuable contribution to
our nation's agricultural processing industry.
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TOMATO HYBRID SEED PRODUCTION:
 
A PHILIPPINE EXPERIENCE
 

Victor E. Paner, Jr. and Dalmacio M. Tecsona
 

INTRODUCTION
 

The tomato is one of the leading venetable crops in the Philippines

(Table 1). 
 Most farmers save seeds from the local varieties they have

been growing for decades, so there is limited commercial demand for seeds
 
locally. It is only when an agricultural college of experiment station
 
releases new varieties that there is a demand for seeds. 
 Even then, the
 
volume required is not large enough to stimulate local seed production.

Also, the delay before the farmers adopt a new variety makes seed pro
duction a speculative projiact.
 

In mid-1977, 
one of the seed companies (dealers) in the Philippines

made a contract with a seed company in California, USA, to test the pro
duction of 100 kg of hybrid tomato seeds in Isabela, about 400 km north

of Manila. This is the first attempt to produce hybrid tomato seeds 
on a
 
commercial scale in the Philippines.
 

"
Table 1. Vegetable production statistics; Philippines, 1977.
 

Crop Area Volume Yield Value
 

1000 ha 000 t t/ha million" ST 
1. Sweet potato 221.7 887.7 
 4.0 56.70
 
2. Watermelon 12.9 177.7 13.7 39.54
 
3. Tomatoes 18.6 7.9
145.9 26.53
 
4. Garlic 4.9 
 16.0 3.3 14.67
 

5. Cabbage 8.7 7.8
67.9 13.93
 

Total of
 

all vegetables 439.4 1,990.6 
 82.6 264.62
 

Average 
 5.9
 

aBureau of Agricultural Economics, Philippines.
 

Vegetable Extension Specialist, University of the Philippines at
 
Los Banos,and Agricultural Consultant, Hacienda Rizalina, (BM Domingo),

Aurora, Isabela, Philippines.
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SOIL AND CLIMATE
 
According to 
the soil tests, all 7 fields 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/ha was-recommended at-transplantin.g and-again at flowering. 

The data on 
temperature 

the average number of rainy days, relative humidity, andare shown in Figure 1. Isabela belongs to Type I climate,
wet from May to Nov, and dry during the rest of the year. Temperaturereadings are relatively lower from Dec-Feb.
 

Tempera tur 
Relative humidity 

(0c) 

31 

30 TEMPERATURE 

29 

28 

100 

27 
26 Rainy 

90 
25 Dy RELATIVE HUMIDITY 
24 10 

80 

23 8 

22 
22 

6 
6 RAINY DAYS 

70 
21 4 
20 

601 

Jan Feb Mar Aur May Jun Jul Aug SeD Oct 11ov Dec 

Fig. 1.	Monthly average temperatures, rainy days, and relative humidity
in Isabela, Philippines. (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 plowed
and harrowed alternately 3 times before plots of 2 x 50 Inraised 20 cmhigh were prepared. Transplanting was done from Jan 7-10, 1978. 
 Basal
application of Furadan 3G insecticide was done on
with rice straw. 	 Jan 11 before mulching
Fertilizers (14-14-14) were applied Jan 12 and Feb 3 and
29.
 

The fields 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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Flowerinq started Jan 20th. The Oak period was from Jan 9-15, andCuriti med to decaise daily atter Mar , 1,78. Plin] ation was successfully done b'y50 ladies averaqin 50 fruits/plant. The technique used in
Taiwan ;wa-, adnpted.
 

[Jo fortunately, the area was ioavily infected with bacterial wilt.eavy infestatio was noticed startinOg Jan 13, whnl about 70 of the plantsshowed sy'rmpltorns . By Mar 12 all the plants were affected and pollinationwas- di'crmrlti med!(J 

FUTURE PLANS
 
Because of the 1arge demand for hybrid tomato seeds and 
 the presenceo f experienced pollinators, both companies agreed to continue with thepr'ojec t and expand tIle area 
to 4-5 ha. We>,L time, the tomatoes will beplanted after the lowland rice which will have berr) subli.rged for atleat 6 mio because, it was noted, the 2 plots pl anted under this condition

ir ,r arhy field ' e iffec ted Ih the wilt.1t 


lh(rr is a riced to identify other areas which ar( free from bacterialOl infestation. Maybe it wll be better to consider higher elevationswith lower temperaturmes to iiprove the suoess of pollination. 
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THE PROBLEMS OF THE TOMATO PROCESSING INDUSTRY IN TAIWAN
 

Yung Hui Leea
 

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.a
 

Peeled 
Total whole Tomato Tomato 
 Tomato Tomato
tomatoes 
 paste 
 nuree 
 sauce 
 juice
 

1000 standard cases .............
 
1976 1,556.3 662.0 824.3 11.0 31.4 27.5
 

1975 1,324.0 547.4 346.7 102.9 314.6 12.4
 
1974 832.7 479.8 339.9 - 7.0 5.9 

aRef. 3.
 

Among the products, canned peeled whole tomatoes have a big market
in the western countries. However, production is limited due to the
 
fact that only firm, well-colored tomatoes can be used. Although 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 compe ition with 
other tomato producing countries difficult. Accordingly, a ger

container is preferred from the point of view of handling (opening), and
 
may result in lower packaging and transportation costs.
 

aFood Industry Research & Development Institute 
P.O. Box 246, Hsinchu, Taiwan, R.O.C.
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Table 2. 
Price of raw tomatoes.a
 

Japan Italy U.S.A. Taiwan 

----------- Japanese ¥/kg ....... 
1972 13.88 10.06 9.00 6.39 
1973 14.20 11.93 8.62 7.00 
aRef. 2. US$1.00 = Y285.00 (June, 1974)
 

PROBLEMS OF TOMATO PROCESSING IN TAIWAN
 

The tomato canning industry is confronted by problems such as 
the
availability of suitable tomato cultivars, peeling methods for whole
tomato, packaging costs, 
and spoilage due to a heat-resistant sporeforming bacteria, BacilZus themoacidurans (B. coarqulans). 

RAW MATERIAL 

Tomatoes for canning should ripen uniformly, withstand post-harvest
handling, and retain a firm texture in processing. Those having irregular shapes and wrinkled skins are difficult to peel and the loss in
preparation is excessive (11). 
 The qualities required for a tomato in
canning may be summarized as follows (7):
 

(a) It should have a high soluble solids content (4.5-6.0°Bx).
 

(b) It should possess an intense red color, iT4_: both the skin and
the body. 

(c) The flavor must be good and characteristic.
 

(d) In order to meet certain quality standards, the acidity should
 
be fairly low (pH 4.2-4.5).
 

(e) It should resist diseases, pest infestation, and mold growth.
 

(f) It should resist skin cracking, so that damage during harvestand transportation are minimized.
 
(g) It should produce a reasonably consistent but not excessively
 

fihrous body.
 

Two varieties of tomato are used in Taiwan, "T.K. No. 70" 
(Morioka)
and "Roma". The former is usually juicier with a high brix, while the
latter is deeper in color and firmer in body. 
 Those varieties
possessing large seed cavities and cores soften badly after canning and
 are unattractive. 

PEELING METHOD FOR WHOLE TOMATOES
 

Several peeling methods 
have been reported for canning peeled whole
 
tomatoes: hand-peeling after being steamed or boiled for a short time,
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lye-peeling, calcium-chloride peeling, and freeze-peeling. 
The third
method is common in Taiwan. The peel needs to be rubbed off by hand

after immersion in 
a boiling CaCI2 + NaCl bath followed by cooking inrunning 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 lyetreated 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 
(CaCI. + NaCl)peeling method used in Taiwan are 
: high peeling losses, damage, and
 
the use of large amounts of water.
 

p .Wate~r oys
Water xy
 

ToCcJ+cts 
 " "or+, " , "... 

,rim RbItkbdisc poeler Slifer Fens v" cOI
 
ba.,.ftiC I 
 dippet 

"I L.... ... 

PILOT-SCALE PEELING LINE: utilzes a rubber disc peler to wipe lye-tre' .j tomato skins fromthe tomato, thus reducln,', water consumptio 

THE COST OF CONTAINERS
 

Container costs in Taiwan are higher than in other coutrfes, and an effective way to reduce the c.'st of packinQ tomato paste is to increase the container size. HowL,-.- due to ti, 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 lder 
i[:(vaporated, 
the consiqiac, of the cri(ciutra tedprodu.tc rc','-es tomatoand the rate 
not pack rethud 

of heat trans fe / decreases. Al thoughthe is appli cab]e 
 frm tMe steri lity
view, tue ccl i sa fety pC'dnt oforate is too sIc', to q& anicdcceptahlewhen pcked in metal prudt. qualit'/cans la 'ger tI aI ,n,' tIo. Ii;van ans.and darkenirig Over- cooki ngof the color resil 1 hi prodluts. aretern!.eratures for too e.posed to high1 I ci II Iihqir -1l,e ;Iturnrrig the can!, a-tour d or I (Iv r ow! f(! 
v b,e acce 1e r ted !)V 

"Vii, I ati r; i ti te the coutent,. o cfachi rv 
I eM ni I i Q ! 1.i]n ' lIrge C -iI 1: htIh ie iiI achieved with(i. e. I,".' , crI ). "ho : '
,:T, i; c llilgq techn i que m rnvpreper way he theto Sol ve the 1)roble . In thi ir ees the ",rciooled products are ter 1 i ;;ed andpoured and sealed ifi a cotainerfurther cooling aseptici lI and nois necessary
Aseitic CanMing System 

after sealing. We hive in';stalled a D]lein our intitute unier thethe project spolnsored byil nese ational Science Councii. Some exlerience was gai-ned inpick iilnv,,rious viscous puree oftue Dole Conpany also S Ippl ies 
Wr(its and vegetables with this system.as 'ptic canning systems for cans up toNA f capacity, as well as a svnte for plastic

1 cans for tomiato film pouches (1,4,6)..nce paste should e internally lacqtered, thed pl-st ic lponoch would be use ofan (conomic alternativeNatiiralll, to lacqueriniq caus.the pouch has to be sterilized before packingvacuum '.-cling i, the paste andecpcssary in additio to the aseptic filling. 

SPO I LAGE 
investigation -f the icroial contamination level,i (atle 3), the efficiency oF tomato 

of raw tomato 
a(nc i' 

washing operations (Table 4),I'isr'ohia] contamination level of unprocessedU) (Table 5) indicati I that some 
whole peeled 

i"t tomato canning industries' Mr hhve a well -orqaiized in Taiwansani tation program.
c.lr Al though the contamiill raw toiato stock was lower than that in the i. S. , the,'ii: tomatol oer.tinn, ion smost of the toinati canneries in Taiwan should be 

,abl( 3. The level of contamination on 23 samples of raw 
. ,,ato 'tock. in Taiwan.' 

.. a....Tot 1 bacteriabM-ed.. . . . ..
 i !
," .. Total rne sosnore stle d i}]a "R11 
.. . .- - 7 , .-
I
'a.ge IMled i an 
I/i- sapei L- ------ -

60 x 104 4( :.: l 26 x 105 
 2?P - 2,M) 1,400 

:Ref. 10. -. . . . . . . . . . . . . . . .
 

The therlma l resistaince of spotes of, butvric acid anaerobe which
:,ijt i, g,"seC'( i'ii , 'p koilage il cained iiotiIcto product.si'ii is related too' the Ptrodlct, theHeat. prjoti e' that raise cill.i-r tlII rt)er,-ltlmre witnin
 
fio'-l';U 
 cc, cWOC ar, iiWi. d'at i StliCtiry "'(itoimatlio Tpn'dti(t iiti a fill va iji 
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Table 4. 	 Tomato cleaning efficiency at canning plants 
in Taiwan. 

Cannery No. 	 Avg. removalCney rons Total bacteria.... Total- nme-spor-s-

A 4 75 	 96 

B 6 42 	 37 
C 6 50 	 45 
D 7 94 	 60
 

Average 	 65 60
 

'Ref. 10. 

Table 5. 	 Contamination level of in)rocessed canned whole peeled
 
tomatoes in Taiwan canneries.
 

Total hacteria Total esospores Flt sourspores
Canne ry Range Median Range Median Range Median 

A (8:3) 19-765 270 11-150 40 4-40 19 
5 (8<1) 190-1,600 762 17-1,140 162 4-45 21 
( (8 ",) (00-8,500 3,480 150-4,500 2,330 5-700 147 

kef. 10. 

Strict adherence to recommended processing schedules, plus good

factory sanitary practices are recommended to reduce the hazard of
 
hutyric acid forae tation in the 
 canned product. From oUr studies, we 
sugfqef-t the follovinq points for controlling microbial spoilage inCanne toLmato-i~f ~'Odw~~Ti-; 

, ced (.IOt;na! :, nt7 hi(h (Ial i ty should he al owed to enter 
thw )1it . 

. e to to wash0i n1 ope.rations SholId he imrrved to attain a 
(1C 011 i eff e fierlcy of at least 95 reiIoval of total residues. 

3. Wh(1on C0n idt'ri nq the adequat t hola I preco, rlr for Canned tollato 
nrsdutf,, a ti va1le I, l, . i,; ,'.'ro , d., to inimiz, senilag,. 

'1. Fto' htY'rlihl ' 01 Ttifl 'i (iom d who f, Ur t ,a I .tVar w) ,rIqif.a-.
1ng (o50 i ,, T0OilUTO'1r tO rtplas. a ';,a i .' ''tort. 

AI " 
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The 	expansion of tomato as a pro-
cessing crop is partly due 	
An effective way to reduce theto 	 costof containers in Taiwan is
processing techniques. 	 to in
crease their size.
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THE ECONOMIC CONTRIBUTION OF THE TOMATO PROCESSING INDUSTRY
 

IN TAIWAN
 

Yu-kang Maoo
 

INTRODUCTION
 

Taiwan's tomato processing industry dates hack to 1918. Its earlyproducts were withmostly used canned sardines. However, in 1931 tomato
production in Japan becaa to decrea,,e, therehy qivinq laiwan a honst in
the Japanese market. Because of good (.0,llit,, Ta iwar'is tomatoes were 
favorable received by the Japanese. 

Jus t before -1orld 'jar I1, production of processed tomatoe, reached
 
an all-time high -f 223,034 standard 
 cases), produced on approxi Inately

1,500 ha. The industr,/, at its heiqht when war broke Out, suffered 
 the 
ravges of the times. Since the war, however, ncw process ing induIstries

with products such as pineapple, bamboo shoots, mushroom, and asparagus

nave been developed. The e;:port of processed tomato products was disconi
tiwnjed.
 

In 196 7 , there was only one tomato processinq company. the KaCIumeFK)od Company, a joint ven tore betweern Chinese and Japlanes hus, i nessmen.

its primary objective, was to produce canned tomatoes, 
 with appro;. imately
60 exported to Japan. The industry developed very rapidlyv. beh,-e were
 
50 Food processing factories producing canned tomatoes in 1976.
 

The tomato process irig industry in Taiwan recoverod in recent y'ears
because of faivorable conditions for tomato producti on, such as a dependable
s nppl and relatively low labor costs, and the recent reduction of tomato 
[noduction in mijor producing countries whiich cauised a price hike in the 
mcirld marnoet. 

THE IMPORTANCE uF TOMATO TO THE 
FOOD PROCESSING INDUSTRY
 

-rhen ,'ere, 194 food canirin f-,t.torie, in 1976, 50 pirolim ' iig cannird
t.oia toes . Additionally, these factories produced different. products inH

di fferent , seasons, to ful ly use fariities throughou t the year. The 
average trato production was 31,000 standard cases per factiory. Thela rges t President. Coinparly, produced 302,405 standard case:s per year
and th': sal1es t, .Juchunq Cormpanny, produced 500 (Table 1). 

Thief, HRiiralEconmi,ic Division, JCRR, 37, Nan hlai Road, Taipei,
aiwa,, npu!lic of ihinia. 



Table 1. The scale of Taiwan's tomato processing
 
industry in 1976.
 

Business scale 
 Factories 
 Market share 
-standard casos-----no--

300,001 an!d Overi 19.43

200,00] 390,000 2 31.58
 

100,001 -00,000 
 1 
 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 1 0.04
 
500 and below 9 
 0.18
 

Total 
 50 
 100.00
 

Ref. 2.
 

In order to fully 
use the existing facilities 
and labor, factories
,iver-i fied production. Mushrooms, corn, water chestnuts(Wir)r(nn, compete wit" tomatoes for 
and Mandarin

the use of facilities. Asparagus,bamboo 'hoots and fruit otner than Mandarin oranges compl erent tomato 
roduc t i on. 

Those 50 canning factories producing canned tomatoes in 1976elar~ded production to 2-10 products (Table 2). Factories producingpirdncts-i f were the most common, accounting for 58 of the total.
The iIIIIortance of canned tomato products to total canned food in these50 factories is shown in Table 3. 

Table 2. Varieties of products canned in food processing
factories in Taiwan, 1976. 

No. of products 1-2 3-4 
 5-6 7-8 9-10 Total
 

No. of factories 181 11 7 5 50 

12I 36 22 14 10 
 100
 

Ref. 2. 
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lable 3 r(eveals that; tar o t2,c Lotori e wi th a Tatio of cainedtuiliato ; to t, I produts of less than 10 , the average [,rodactlor asonly ,-i r;dai'd cases per ,/ear. Di ver'si fication was the main reanm these factories produced tomato Iroducts. (I the other hand, for 6factories '.,itb 56 of tie total toMir t /eorts inl 1976, 3 were established
in recent ,,ears. 1his indicate-) that the great potential for canned

tomrOt j prohnsLt i f(re.igri ma rke? ts had encouraged ent rep renenrs to in
,.,,,J ill toi vsn l re.
 

Ta]t,l 3. Canned tomato products'share of total canned food in 50 factories 
in 1976.' 

The share of canned 
tomato to total 0-10 11-20 21-50 51-80 81-100 Total(uput ( ) 

'',. of Factories 26 10 8 4 2 
 50
 
F..or'ted canned 

tona to
 
100fi staodard cases) 205.9 250.9 234.1 
 314.9 550.4 1,556.3 

',.'r'Je O:por tir fictory 

k00 standard cases) 7.9 25.1 29.3 78.7 275.2 31.1 

. 2. 

THE IMPORTANCE OF CANNED IOMATO PRODUCTS TO 

TOTAL CANNED FOOD EXPORTS
 

Within a short period following the opernirg of world markets, factoriesbegana to add carined toilatoes to their icensig lines. According to the , iiri (;arirrerts /Avociation, the export. ,luaittiiy of lrocessed tortatoes
 
oreao end fruii t.--mridard cases in !ijrF to 
 over 1.6 inillion. Tile
,"ipur't valu( ot t i I tduit' incrasedrai i I i frtKlliJ1/ thlusand to tS$1.3.iir ci (l<-I ,i, 4) r. , .1;. Ofrn: ; 11 110',ll! tfr/i'lltl ;nI 1oLJ(;f,' c.i4led 7t;h ainl(ong 

ii(.)lt'}"~f l ,' l( ] 7 ~ 1( l 1~ 1i) ., 

mr, t!kia oi' , l ar'ket; for faiw-an ' canrid toiiiai products in 1976hC i11(1VI ' i it to(ri' da , w,7ith 40 arid oof the total , r(spectively
()e1Db], i)ri r tr ilmto pridhcL. 0 arted inr 1976 was paste, wit 

t I"!it,t I.. P ,,led tollrit ", ai 11 id with 43 of the, total e (;.iort. 
;Itloi)li thi* t e rlio :ts iig i iiir-., hi, b, en gr teatl developedru-coo't]l r,, I. Iw" <,hare of the world rrs,;d toiruatn irarket is

.mil 1. Tor,.i',. I ,till mucl rum rll ,, pin ll l f-r, 'litn rr'iari. 



Table 4. The quantitY and value of Taiwan's canned tomato exports
1960-76. 

Production Export quantity Export value Total canned 

-- 1()00 standard ca;es--- -.million USS

food exports 

1968 

1969 

5.2 

53.0 
5.2 

41.5 
.037 

.187 

0.04 

0.19 
1970 65.2 62.7 .124 0.12 
1971 ,2.8 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 
1176 1,648.4 1,556.3 13.128 4.76 

Ref.3. 

Table 5. Taiwan's production and export of major canned food 

Products in 1976. 

commodity Production 
 Export quantity Export value 

---- ml;llion stardard cases---
 -Million USS-Asparagus 3.569 
 3.199 97.020
 
lus h room 3.006 
 2.670 55.430 

.larine products .624 
 .586 
 18.968

P"imhoo ShoOt 3.098 
 3.034 
 18. 550 
1,-, j liC(I u 2.299 
 2.107 
 18.096
 
Pineapple 1.132 
 1.351 
 13.628
 
Tomato products 1.648 
 1.556 
 13.127
 

18,835 18,386 
 275.745 

-Pff. 3. 

CONTRIBUTION OF THE TOMATO PROCESSING INDUSTPY
 
TO FAPM IINCOt.E AND RESOIRCE USE
 

The food carminq it!(1l,,tr;, ' , ,tot,processirlI from oni,,y Small farms forirlt..',i)' u ,..irlod prod orts for .,m-t't..TunatoCr'OP p-rlow rfrm Aw ll I is a winterriq !J1,ym,, owiq
fo(r rncfu-, arid lrovide,' rw materiali iq from H
illT.ki in, the t(f'l o processing industry 
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Table 6. Principal countries illporting canned tomato products from 
Taiwan in 1976." 

Total Peeled Tomato Tomato Tomato Tomatotomato paste puree 
 sauce 

----------------- 1 000 standard cases---------------
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 1.3 121.3 .2 
Saudi Arabia 68.6 11.5 32.4 24.6 
Puerto Rico 26.8 26.8 
Singapore 24.4 16.9 7.4 .1 
Philippines 22.4 22.4 

Austral ia 21.6 18.3 2.8 .4 
Hongkong 18.4 .2 2.2 15.8 .2 
Suva 13.5 13.5 

lotals 1,556.3 662.0 824.3 11.0 31.4 27.5 

Ref. 3.
 

organizes the growers through a farmer-factory contract system. Thecontract is signed through the local farmers' association for the bene
fit of farmers. 

ietween 1,167-75 plant,iog areas for tom ato e:pal dod from a few ec ta res to 4,560 ha. However, the lack of relliahle large export channelsmrd a big carry-over stock forced a reduction in both the number of 
factories contract-i".ith growers and the number of contracted hectares:)or factory in 1975/76 (Tahle 7).
 

Factor, inifluencing farmers decisions on planting tomato are thecomparative advantages, fariers' available inputs, and natural c i\ ronwent. The common cropI ing patterns which include tomato in Taiwan are:1at rice -toma.o - (fallow) - late rice; late rice - tomato -munghean
(or kaolinq) - late rice; sugarcane - tomato - late rlce, (Fig. 1).nmato also i 5 intorcropjd with scugarcane and orchard trees (Fig. 2).l1'full"' us ing far resources,, Ule; (:roppino pattern< cal increas(farmers' cash income siqgo f'icartlv. Accordi ig to AIC , the producers'net profit from tomato was apipro> imatel,7 I 94]/,iWith a gue ranteed priceof JSS28-,/t iil1976, which was advantaqeous 

1 

compared to other winter 

The farmers' total ,hare of e n,,ported tomato earniiigs c(,ii be cal(:ulatedfronm the farmer-factory conit racted piant:ity arid price. f rol Table 7 we(-allsee that, t1T11a ) farllers 'shir-e irlceased stoadil, from 125,144 in)!967/6'8 to USS7 mi llion in 1974/75, and thell dropped 'o ;I14iI illion
in 11076 hcause of the reduclion in the -iiiihor- of colltriac ted hectar-es 
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Table 7. 
Contracted acreage, production, and'contract price of
 .
processing tomatoes in various yearsa
 

Year Area 
 Production 
 Price 


-ha- -l00t- -US$/t-

-1967/68 18 .. 5 . 16 .
 
1968/69 146 
 4.8 
 16 

1969/70 149 
 7.1 
 16 

1970/71 193 
 6.7 
 15 

1971/72 285 
 7.1 15 

1972/73 742 
 35.9 
 24 

1973/74 1,549 
 90.7 
 31 

1974/75 4,560 244.0 
 29 

1975/76 2,925 
 146.2 
 28 

1976/77 2,432 
 275.8b 28 


aRef. 1. bEstimated by author.
 

May Jiu Jul 

Farmer's share
 

-1000 US$

..... 8 1. . . 

77.0
 

114.2
 

i00.1
 

106.9
 

860.6
 

2,812.5
 

7,076.0
 

4,095.0
 

7,722.2
 

Aug Sep Oct 11o, Dec Ja, F b Mar Apr May Jun Jul 

= = EE = ::,-,t/I =ice 

to 011Vo cic 

Uq 1. (.rruuine - 1ta lO tur(,e rwoce S

pet- factory. In 1976/77 the farmers' share again increased to US$7
 

million. It 
was a great contribution to 
farmers' cash income.
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May 	 Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

./Late Rice ..........Tom...ato/I..... Tomato ---- ]e-I-// 

. ,:Wa te,.n~le IoilL/ __ ."F..._-.. _L = ............................
_ F_ .......... ... 

Sugarcane 

S ima rcalle 

Sweet Poo -- /-
Sugarcane 

Manlqo or Orancqe Trees 

Fig. 2. Cropping patterns that include intercroppea proces
sing tomato. 

SUMMARY AND CONCLUSION
 
Owing to the comparatively lower factory labor wage, industriousworkers, low cost but good quality raw materials, and a wide range ofprocessable 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 members. It reduces the cost and increases factory due to arevenue 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)
 

Hubbell: What was 
the average temperature and what was the rainfalling the trial of SSD material planted in May, 1977? 
dur-

Chai: In the MARDI station where the SSD mateiais were evaluated, tem..
S
perature fluctuation isnormally between 23-31 C. Itisgenerally dry
in May. Supplemental irrigation was provided to 
the plants as needed.
 
Hubbell: 
 One SSD line showed fruit size of 80 g with a good yield.
some seeds of this material been returned to AVRDC? 

Have
 

Chai: 
 According to Dr. Villareal, AVRDC has 
most of these SSD materials.
 
Sunarjono: 
 The SSD method of breeding tomato is surely surprising. However, it requires more seed handling with each generation. 
How effective
is the bulk method up to the 4th generation when combined with the SSD

method?
 

Villareal: 
 Actually, we start with about 2,000 seedlings per cross. By
natural selection, this number is reduced to about 500 in the F5.
have used a modified SSD in which we 
We
 

subjected the F2 'S 
to a wilt epiphytotic condition. Surviving plants are advanced by the SSD method.
Other workers in the U.S., 
like Dr. Pierce, found this method equally
effective in selecting for desirable genotypes.
 

Aclan: 
 Under the Taiwan situation, what should be the yield 
to make seed

production profitable?
 

Yu: 
 I do not know.
 

Acosta: How much seed yield do you get from a ton of pollinated fruit?
 
.Yu: It is difficult to base yield from tonnage of tomato fruit harvested.
In Taiwan, we use hectarage instead. 
We obtain about 20 to 
30 kg/0.1 ha.
 
.Acosta,: Does hand pollination reduce seed yield? 
By how much?
 

Yu: Sorry, we don't have data on 
this. Some scientists say, however,
 
that yield could be reduced by 20-30%.
 
Villareal: 
 In 
one growing season, how many farmers does Known-You Seed
 
Co. contract to produce seed?
 
Yu: Known-You Seed Co. contracts at least 300 farmers .,er season. 

Villareal: How many kilos of seeds can they produce? 

Yu: This year, maybe about 12 t, 

-Acosta: How long will you, be pollinating and when do you start pollinating 
to ige goodset in a plant?
 

YuL: We start with the second cluster of every plant and Continue polli* noting until the 5-7th Cluster. 
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Acosta: Do you stanqier your p1autiflg to spread your labor force?
 

Yu Yes, we s tagger our 1 dnti rg dates.
 

Acosta: How t:i(:inerrsi,; in terms 
 of yield do you get from FI compared
to ordi nary vano- I Iw 

Yu: 'his v ri , o'((.ordi ig to the colabi nation and year. Factors such asunf o'ity , (l'ol, , vi : or and earl ma tori 7 contrihute to the advantage
of F, n'/hrid. lh;, i,lI may he 10-30 letter than standard varieties.
 
We. orle hy'rids that yield 50 
 'lore.
 

. ha : Do the imice.al1 materials tht you use 
 for 1:1',F!ed productiontarry an'! bacterial wilt 'estant ienes? If yes, do YOU obser-ve any
to ro; 


I don 't know if the materi a1s we use carry 


heo s effect? 
u: bac teri a1 wi 1t res i stance 
ince we reci ve hoth parents from forei gn seed compan ies. 

mni" llow does the cost of F: seed companr to the ordinary ones?
 

"i11rIeal: F: tomato hybrid seeds 
 are about 15-20 times more expensive. 

au nrl Can wilt be transmitted by seed?]: hacterial 

{'I No. 

,) Id"Jonlo" Hmr many flowers per day can be poll inated by a laborer?
 

oi: .,,e nend 200 female workers per hectare.
 

o tas: What frui 1: color of F, varieties is the most popular in foreign
'.101t j (.? 

u: Red.
 

Vo ra yps': What methods do you recommend to induce 
maximum seed content.
 

u' e use ci11 l 'stem 
 to increase the fruit percentage. The seconde 1,thod i'> h U:. f calciurn, which ik ineded for acid soils, to reduce
rcnot rotti . ,no t'er , is the use 
 of btrax.. For ex.:ample, on our fatill,hore:: ik apli,,d e! a rate of al,eit :0 kg/ha. Boron deficiency severely

redol] I t.ho -eod tnt.
c ntll 


Ri1,,I"How 'anvy ilogn!rrI of s)eed are used hy farmers per hectare? 

YS: l-0ili.200 g. 

AfititL: In tr)llato )reeding, how 1ong does it take from germpl asim coIl ec ion I thI tim h'yhrid 'eeds are ready for export? Are there any other pr ac ficl way'; thit wil t.tke n 'le-.';iile? 

Vi ILareal : ,he%,r'.h a'Irll lilarld hi.mii fmlla to breeders took 30 and?5 yt.'ar'c, t'"Ie lively,, to develop balcterial wilt resistant variLie,.Of' 1011 ,,-,thiey ',ltrtjd W;ith .] wild tIllato, . ' for- their" 
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source of resistance. 
 However, by using improved varieties from other
breeding prigrams, much faster progress can be made, as at AVRDC.in
-addi tion;- VRDC-scientist s-idsed i'lii'appr"oac'h "iter-diinbreedi ngfor bacterial wilt and heat-tolerant tomatoes. 
 In about 6 years, AVRDC
has produced a number of breeding lines that have done well in several

countries in the tropics.
 

Riley: 
 The male sterility question was introduced. Is there any real
possibility that it
can be found in the tomato germplasm?
 

Villareal: 
 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 Israeli3 in F, seed

production.
 

Bell: 
 We have heard that farmers in most countries 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 origin, although their number may be small 
in proportion to the
total farming population. 
 Do you have an opinion about the trend in the
future of the adoption rate of buying vegetable seeds by farmers who
 
now save their own?
 

Yu: If the price is reasonable, farmers would like to 
use F, seeds. If
the price is too high, they'll use their own seeds.
 

Luh: In Taiwan, farmers did not care about the price of OS cross (F,cabbage hybrid) even 
if the price was 20 to 30 times higher than ord- ary
cabbage seeds, as farming practices and -the economy advance, more hybrid
seeds will be used by farmers. 
 Ifa country remains developing, like
Bangladesh, I don't think farmers will be able to afford 
even ordinary

seeds, much less F, seeds.
 

Bell: 
 Do 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
rare-ly use their own seeds. You can refer to areas outside of Taiwan.
 

,At inous_: What about the future of the production and marketing ofseeds by your company, do you expect an increase in the production and

marketing of your seeds?
 

Yu: No, because with the rapid industrialization of Taiwan the cost
labor is getting higher and higher, so 
of
 

I think hybrid seed production in
Taiwan will become more difficult after 5 years.
 

Bell: Do you see farmers increasing the buying of vegetable seed insteadof saving their own? We understand that your comnany is producing seedsfor ths U.S. and European market in a rather lar quantity. Is theproduction of seeds for the Asian countries outside of Taiwan, Japan, 
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and Korea increasing? 
 Let's say, for example; 
 Indonesia, Philippines,

Thailand, and Malaysia?
 

Yu: I think it will be increasing.< The farmers now see that hybridseeds grow more vigorously and uniformly. 
 So if the market requires more
uniform tomatoes, I think they will grow hybrid 
 tomatoes.
 

Bell: 
 Which of the countries, Philippines, Thailand, Mala-.,ia, 
Indonesia,
T ,icreazingtheir buying of seeGc?
 

Yu Very few Asian countries buy our seeds. 
 The seeds are exported to
U. S., Japan,and Holland. Almost none are exported o Malay 
ia,Singapore,and Philippines. 
 The'y say it is expensive.
 

Villareal: 
 The rate of adoption depends or, how exciting the hybrid orvariety is. For example when we introduced KK (a cabbage F1 hybrid)the Philippines in the late 1960's farmers complained about the cost of
in
 

___seed.. Now,- 1--years--qater;alnost lO0%-obfthd-aea prlI aiited- -to Iowl andcabbage in the Philippines is in KK. 
 Mr. Paner, would you know the seed
yield of those tomatoes that .. ived wilt infestation? 

Paner: 
 No seed yield was obtained, since only a few plants survived.
was told, ho I;r, that many seeds were observed in fruits that were

opened. 

Riley: Don't you think it is risky to expand the acreage of this project,
considering y'ur experience in the first year?
 
Paner: I was told by 
 Mr. Domingo, the seed grower, that themay be partially solved by growing the tomatoes 

wilt problem 
in fields previously
planted to rice. He observed that male (pollen) parents planted this wayhad better survival 
than the female parents planted in another field.
is Itonly an assumption that wilt infestation may be reduced by planting

tomato after paddy rice. 

H1o: Where was th_ trial conducted?
 

Pane-: In Isabela, about km
400 northeast of Metro Manila.
 
Ho: Don't you think your sowing date 
 of Jan 14 may be a little late? 

Paner: It was 
sown Dec 14 and was 
transplanted to the field Jan 7-10.
nls time, however, we wi I I trying sowing earlier; maybe as early as
 
Nov.
 

Riley: Is the objective to produce hybrid tomato seeds for the Philiprpines
only, or for export? 

Paner: As I mentioned earlier in my paper, demandthe for tomato seed,1.6r ordinary varieties and not for F, hybrid. This is true for othervegetables as well. In general, very few farmers buy seeds. 
 Big companies produce owntheir seeds. We have to lnok for mo,other countries. Right now, we are preparing outlets in 
potential for vegetable seed 

a )rogram to look at theindustry development in the Philippines. 
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Acosta: It we 
can produce the F, seed, how much are you willing to 
pay
or
-the 
 seed? The prevailing Manila price will 
suffice?
 

Paner: The Manila price is US$80 per kilo. 
 But I heard yesterday that
Tiw7n sells hybrid seeds to the 
 uS
contracting -.
ompany for' USS54
 
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?
 

Paner: That is 
a good question, but hard to 
answer. I asked Mr. Yu,
but he could not give me a figure. Anyway, it depends
as on factors such
availability of women pollinators, market demana, etc, 
 Taiwan gets
about 200 kg of seed per hectare. However, at USS80/kg in Manila,
10 
kg seed yield per hectare in the Philippines will be good enough.
 
........... Is.therea d fer-nce-i n-wages-- between -female

Acosta _.. 

and male pb l i- s?-.. 
If none, why do we employ only female pollinators? 

Paner: Actually it is not the wages. Women have a lot of patience andare therefore more fitted to this work. 

Riley.: Is it because the female touch is better and she is paid less? 
Y/: In Taiwan, the wage varies according to location.i n For instance,the Pingtung area, male laborers
/day), female 

are paid at NTS150 per day (USS4.2NTSIO0 per day (USS2.80/day), whereas,males in thp Tainan area,receive NTS200 per day (US5.60/day) and females NTS120(US$3.40/da,). per daySecondly, women, especially young ladies, have tenderfingers and better eyes. Thus, Known-You prefers to hire young ladies.Even if the boys are willing to be paid less, the coimipany does not want 
to hire tlem. 
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DISCUSSION SESSION V (AFTERNOON) 

Riley: With the development of the tropical tomato, the potential

lengthening the production and processing season 

for
 
in Taiwan now exists.
 

If production in Sep-Oct and Apr-May is initiated, with what products

will tomato compete in the processina factory? 

Kao: In Dr. Mao's paper, he shows that tomato processing period is Novto Apr. In that case, bamboo shoots and asparagus are complementary withthe tomato processing. If the operation is lengthened as you mentioned,
tomato Would compete for facilities with Mandarin ordnge, water chestnut,
sweet corn, mushroom, pineapple and, to some degree, asparagus. 

Guintu: Since establishing the tomato processing industry in Taiwan,
how much has the average income of farmers increased? 

Kao: This is a difficult question. The number of farmers who are growing
tomato is rather small and it is harJ to determine how much added incomethe 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 developmentof the tomato processing industry, some farmers are now growing tomatoesin the winter. Of course this increases their income. How much increase 
they get, I don't know. 

Riicy!: How do the labor requirements for the processing tomato compae
with those of mushroom and asparagus? 

.. e: It is difficult to answer, because I am not an economist, I am a
 
processing technologist.
 

Ri.l.ey: You just stressed in your paper that tomato processing is labor
intensive. Maybe you would know whether the number ,t people employed

goes i ) during Lhe time they are packing tomatoes. I am not asking for
 
an exact 
 figure, just wondering if tomato processin(I is a lot morelabor intensive than the other 2 leading commodi ties here, asparagus, and
 
mus hroom.
 

Kan: I just asked the gentleman sittin- beside me. I presume he comesfrom President Enterprise. He said that tomato processing requires no more labor than the processing of asparagus or mushroom. 

Sunariono: What treatments do you use in processing (i.e. chemical
 
trea tment for preservation)?
 
l.ee: For peeled tomato, the treatments are: wjashing, coring, and peeling. 
ut 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 plh value. 
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 Does the government help smaller companies make contact with foreign
markets? 
 Does President send representatives to the countries where it
is trying 
to open markets for its products?
 

Chen: 
 For the time being, the Government gives no direct assistance to
tomato companies, but the Government always encourages the tomato companies
to have their products exhibited in foreign countries 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.
 

iey: Does President assign a representative to the country where it
is trying to open a market for each product?
;_Chen:.....
We d 

.- hn-W fn'~~&fie7o,..t--have- spec-ial-.-representati ves--stayi ng ihr-'fdreigh 'countries,........

but our people, like Mr. Shih our manager, or our President, go abroad to
search for buyers and to investigate markets.
 

Mansour: 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 all 
in the solanaceous group. 
Norman Childers
believes, fervently, that eating potatoes and tomatoes causes 
his ankles
to swell ..... and that there is 
a problem with the...., well I won't
use 
the word, but there are alkaloids, of course, in the solanaceous
family, and we 
have known for a long time that some compound is produced
in potatoes that gets green from exposure to light that is not good. 
 I
was very interested in this book because 
 t presents the 
same type of
potential problems as 
did "Silent Sprinq". Apparently he made a survey of
about 600 people and asked them how they felt after eating solanaceous
fruit. He publicized the re3ult of the surveys he made in this book.
But I don't think he pre~ented any hard evidence that the solanaceous
 crops were, in fact, hurting the health 
of the people. I have been
waiting for 
some reaction to the book, but apparently nobody is reading
the book except those concerned.
 

Villareal: 
 Dr. Childers was my professor in Horticulture at Rutgers. Ihave not read the book, but it seems to me that if it can be proved
definitely that there are 
compounds in tomato that are responsible for
arthritis, I think with the present technology in plant 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 solanaceou.
 - - .. Allen Stevens mentioned today some of the insect resistance 
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that is being done....towork find higher levels of alpha-tomatine in thetomato, which is perhaps responsible for resistance to insects.a proposal from the Univ. of California to fund a research project 
We 
on
have
 

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 bookthis particular project we just avoidedfor the time beinq. Not thatin insect resistance, we we aren't interestedare, but Allen did point it out, and the reason
he pointed it out was that he is aware of the 
same thing, I'm sure, that
apparently in the tomato the tomatine disappears with maturity. 
 We hope
.~that-*1;-true.-and ,the indications -are-'thadt--it -is; b~ut we'would just asside step that for soonthe moment.
 
Acosta: Containers are 
 very expensive here in Taiwan. Is there a planto minimize the costs in the future? 

Jo'ianessen: 
If you are talking of the costs 
of the cans, I 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.I was 
thinking of the weight for shipping. 
 I wonder if you'd be better off
with the thinner cans? 
 The cost of the container would be a lot less.
 
RileV: Your reference to the mainland is to the United States. 
 If you
nave 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.
 
Lu.l: The industry has thought about this and thinner tin plate will be
used in the near future. 

Bell: Do most of the tomato products from Taiwanretail markets through North 
enter the North AmericanAmerican brand ornames through Taiwan brand 

names ? 

..lao: At least some Taiwan tomato products andare sold to North Americanother markets under their own Taiwan brand name; whereas, whenamounts of prcJucts are sold, smallthey are sold under foreign names. 
Castro: Durirg the break, time, I suggest you take a look at theexhibi tion. Most of then are tomato

exported products. I think they use thePresident name. 
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