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PREFACE

'This book is the proceedings of the seminar on hnprovement of Vegetable Produc-
tion i Asie, held in Chiang Mai, Thailand on 21—23 Oclober, 1986G. The seminar was
convened by the Food and Fertilizer Technology Center for the Asian and Pacific Region,
with the co-sponsorship of Chiang Mai University, Thailand and the Outreach Programs in
Thailand of the Asian Vegetable Research and Development Center (AVRDC), Taiwen ROC,
We are most graleful to the staff of the Facully of Agriculture ot Chiang Mai University,
who did such outstanding work in organizing the seminar and making all participants
warmly weltome,  'Fne Center woula also like to thank Drv. Charles Y. Yang, Director/
Resident Scientist of the Thadand Outreach Programs, AVRDC for his tine work in arranging
the seminar program and tield tour. We are indebted to the Council of Agriculture, ROC,
for its penerous financial support of the seminar, and for providing the funds to publish this
volume, which will be distributed free of chavge to agricultural hbrarvies throughout the
Asian and Pacifiz region and in more than 50 countries outside the regien.

Agriculture m the region is developing rapidly, as new cultivation techniques and
vinieties come into use.  Vegetable produetion is a vital aspect of this development, since
it 15 one of the most important means by which smalt-scale farmers can improve their
incomes, while at *he rame time increasing national food output. The recent surpius of
staple food crops in many Asian countries makes it all the more urgent to help small-scale
farmers produce more diverse crops of higher valuce,

Most small-scale farmers in Asia live in the (ropies or subtropies. If they are to
improve their vegetable production, they need a range of hardy varieties which are heat and
disease resistant, and production methods suitable for small farms with limited capital.
The papers in this Proce «dings bring together recent rescareh into vegetable production from
a number of Asian countries. They describe the breeding of new varieties, the development
o~ improved cultural methods, and also vrecent work on the processing and marketing which
is such a vital aspect of small farm development.

Cheng-Hwa Huang
Director/FIF1T'C
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extremely low, while F; hybrid varieties are
produced under contract and the price of seeds
is quite high.  The quality of open pollinated
varieties is not always good or standardized,
compared to that of F, hybrid varieties, because
of poor sced technology in production and poor

postharvest handling.

SOCIO-ECONOMIC IMPORTANCE
OF VEGETABLL CROPS

The acreaye of vegetabler grown in Thailand
is rather low. The veqetable and flower grawing
area 15 only 19 of the total cultivated area
(Fio 1, Table 1), The central part of the ccuntry

has the biggest vegetable and flower growing area

(0.05%) while the southern part has the smallest
(0.01%) and the north and the northeast have
0.02%  The area of vegetable ands flower pro-
duction has not changed over the last ten years,
while ‘Forestland’ has been declining from 39%
to 30% of total land area over the same period.
The area in ‘Other farm holdings’ has increased
from 35% to 39%. This is mainly paddy fields,
but also includes housing arcas, field crops, fruit
trees, tree crops, grassland, idle land and other
land.

The total area of vegetable preduction
may be low, but vegetables are very important,
in the diet of local people, especially of
low income qroups. Por capita income in Thailand
is rather low (U5$637 per year in 1983) compared

FORESTL

TOTAL
100%

LAND

AND

VEGETABLES AND FLOWERS 0.1%

Fig 1 Land utilization in Thailand, 1983
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Table 6 Some lype.
cessed in Thailand

majot of vegetanles pro-

Vejetabie Type ot produdct Container type
Asparaqus Packed in brine Can
Baby Corn Pazhked In brine Can

Chinese Radish Dried ard salted Plastic bag

Cucumber Pickied in varions, .
Gilass jar
substances

Garlic Dried whole Mot packaged
Pickled whole garhc Coass jar
Plastic jar
Plastic bagy
Pickled aarlic sections Glass jar
Plastic jar
Plastic bau
Ginger Powder T'ea bag
Glass jar
Pickled Glass jar

Plastic yar
Plastic baqg
Dried whole
Salt pickted

Not packayed
Leat mustard Can, plastic
bag
Sour pickled Can, plastic
bhay
Sweet pickled Can, plas ic
bagy
Dried whoie

Mushroom “lasiic bag

Peas (qardeny .
Puciced in brine Can

green)

Metal can

Potato Chips

Paper can
Plastic hag

Foil bay
Sweet Corn Cream style Can
Tomato Paste Can
Catsup Can
Glass bottle
Plastic bottie
Juice Can

White Cabbage Dried, salted, chopped Ceramic Jar

Gilass jar
Plastic baq

Source: Payap Universuy, Chiang Mai, Thailand

July duriar, langsat, logan, mangosteen,
rambuan

Auqust chilli, durian, langsat, longan, man-
gosteen, orange, pemelo, rambutan

September: chilli, durian, langsat, longan, man-

gosteen, orange, pomelo, rambutin
sator

October chilli, durian, langsac, longan, man-

gosteen, orange, poraelo, rambutan,

sator
November: cabbage. lime. pomelo, sator
December :  cabbage. lime, pomelo
Source Mr Bden Mancepruk Phutphonka-

setthat Ltd. Importers Exporters.
Seed Production

About 307 (by weight) of vegetable seeds
used in Thaitland are imported from the Uaited
States, Japw, Taiwan, and Europe (Table 7)'.
There is great porential in Thailand for the pro-
duction of most kinds of vegetable seel”. About
70% oi vegetable seed used in Thailand is pro-
all

varieties of cops such as sweet con, water con-

duced  domestically, of open  pollinated

volvulus, watermelon, cucumber, Ltomato,
pumpkin, yard long bean and pea. Of these
crops, water convolvulus and  watermelon  are
mnajor export items.

Fl hybrid sced production for tomato
was inwoduced  into Northeast  Thailand  in
1979, “Within five years the business became
very  successful,  with farmers carning  gross
incomes of US$%6,000 10,900/ha.  Investment

into field supplies and labor was about US$300/
ha, Farm income from seed production is high,

compared with average farm incomes per family

in Northeast Thailand (US$442 in 1982: cf.
average national farm income of US$747 in
1982").

TOTAL VECETABLE PRODUCTICN
AND YIELD

Over 30 kinds of vegetables are grown
in Thailand. Harvested areas of 28 vegetables
from 1977 to 1984 are shown in Table 8 and
the scientific names of the vegetables in Appendix
1. Among the different kinds of vegetable grown
in 1984, bird pepper, garlic, chilli and yard long
bean accounted for the largest areas planted.
Over the past eight years, the area cultivated
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Tabte 8

Harvested area of vegetables in Thailand, 1977 — 1984 (contuned)

Harvested Area (ha)

Crop B R T

1977 1978 1979
Onion n.a. n.a. n.a.
Pak choi n.a. n.a. n.a.
Pumpkin n.a. n.a. n.d.
Shaltot 22,269 17,856 20,262
Taro n.a. n.a. n.d.
Tomato 6,282 6,049 7,760
Water Convolvulus n.a. n.a. n.a.
Water Spinach n.a. Q. n.a.
White Gouid n.a. n.a. n.a.
Yam Bean n.a. n.a. n.a.
Yard Long Bean n.a. n.a. n.a.

. No data available

Source:

in bird pepper has been increasing, while garlic,
chilli, and yard long bean have all been decreasing.

A decrease in production area b-si also been

observed for baby corn, Chinese cabbage, Chinese

radish, cucumber, garden pea,  Chinese leaf

mustard,  pumpkin, shallot, tomate, uater

convolvuius, water spinach and white gourd.

Increased production areas were observed for
angled luffa,

lettuce, multiplier onion, onion, pak choi and

bitter gourd, cabbage, ginger,
taro.

The average yield of the main vegetable
crops grown in Thailand is shown in Tahles 9
and 10. Total production of vegetables does not
recessarily  follow trends in production area.
Garlic, leaf mustard, and shallot are a good
example of this: total production has increased
while production area has decreased, because

average vyields per hectare have been increasing

(Table ', Chinese cabbage is another crop
tor which yield has increased.
Varietal improvement, changes in the

location of planting and improved technology
are the main causes of yield improvement. Seed
companies have played an important role in
varieties of leaf mustard,

introducing better

Chinese cabbage and other crops Competition

Departiment of Agricultural Extension, Ministry of Agriculture,

1980 1981 1982 1983 1984
n.a. ., n.a. 168 2,033
(6,952 9,189 10,059 9,824 8,860
12,896 14,022 13,355 13,185 10,907
23,832 19,602 33,299 23,191 16,626
6,592 7,522 6,458 5,461 7,054
9,898 9,290 8,110 8,405 7,906
10,798 13,281 13,011 2,867 3,046
.. n.a. n.a. 10,9452 9,816
/7,834 7,541 8,070 7,517 7,432
4,343 0,170 H,651 n.a. n.a.
21,094 24,765 22,465

19,927 18,816

langhok, Thaland

between seed companies in Thailand is quite high,
which enzourages the production of good quality

seeds. The Department of Agriculture has

carried out several improvement programs for

vegetables  through  which many good open
pollinated varieties of vegetable have been
released.  Changes in the location of planted

areas s guite  important: receutly highlands
have been used for cabbage and Chinese cabbage
instead of the lowlands. Shallots are produced
better in Northeast Thailand than in the North,
while tomato yields have been increased by
changing the locatinn from lowland to highland,
and improvements 1n field technology.

Declining vyields over recent years have
peen observed for many crops, including angled
luffa, bitter gourd, cucumber, taro, water con-
volvulus, water spinach and yam bean. Most of
the seeds used for these vegetables are produced
in Thailand The seeds are exchanged

between farmers and local merchants, and there

itself.

is not much improvement in the varieties used.
Taro and yam bean are propagated vegetatively,
and there is no improvement program for these
vegetables.

for vegetables,

such as cabbage, Chinese kale, garlic, ginger

Price fluctuations some

- 10 -






Table 10 Average yield of vegetables in Thailand, 1977-1984

Yield (mt/ha)

Crop e S
1977 1978 1979 1980 1981 1982 1983 1984
Angled Luffa n.a. n.a. n.a. 5.8 4.2 2.8 33 2.9
Baby Corn n.a. n.a. n.a. n.a. n.a. n.a. 6.7 6.6
Bird Pepper 1.7 1.6 1.4 1.8 1.6 1.3 1.8 1.8
Bitter Gourd n.a. n.a. n.a. 5.1 4.3 3.7 3.8 4.1
Cabbage 8.6 7.3 0.9 9.8 9.7 9.2 10.3 9.6
Chilli 2.0 2.0 1.8 2.1 1.8 2.1 2.0 2.0
Chinese Cabbage n.a. n.a. n.a. 5.8 5.7 5.9 7.1 7.7
Chimese Kale n.a, n.a. n.a. 7.2 6.7 6.5 7.8 8.2
Chinese Radish 10.4 10.3 10.3 10.5 11.5 10.2 10.9 11.1
Cucumber (large) n.a. n.a. n.a. 10.4 7.8 6.8 7.3 7.2
Cucumber (small) n.a. n.a. n.a. 8.2 73 7.2 7.8 7.2
Garden Pea 1.8 2.1 2.1 2.7 3.2 2.2 2.8 2.6
Garlic 7.7 7.7 6.9 10.5 8.7 8.8 9.2 9.9
Ginger 13.1 15.0 12.2 14.1 11.5 13.6 15.9 12.6
l.eaf Mustard, Chinese n.a. n.a, n.a. 5.8 6.6 6.6 7.2 7.4
l.ettuce n.a. n.a. n.a. 3.5 3.8 4.0 3.6 3.8
Multiptier Onion n.a. ) n.a. n.a. n.a. n.a. n.a. 5.8 5.9
Onion n.a. n.a. na . n.a. n.a. n.a. 6.9 11.0
Pak Choi n.a. n.a. na. 58 5.5 6.0 7.0 7.1
Pumpkin n.a. n.a. n.a. 14.0 13.4 12.8 13.7 13.8
Shaliot 6.1 5.9 5.2 7.1 6.2 8.9 8.0 8.6
Taro n.a. n.a. n.a. 12.0 10.9 9.6 10.2 10.5
Tomato 4.5 4.8 4.1 9.6 7.4 8.6 11.4 7.8
Waler Convolvulus n.a. n.a. n.a. 5.1 4.5 4.2 4.0 3.7
Water Spinach n.a. n.a. n.a. n.a. n.a. n.a. 5.8 5.2
White Gourd n.a. n.a. n.a. 1:.4 11.2 10.6 11.5 10.6
Yam Bean n.a. n.a. n.a. 14.0 14.3 9.8 n.a. n.a.
Yard LLong Bean n.a. n.a. n.a, 4.2 4.5 3.6 3.8 3.4

i, No diata available
Source: Department of Agricultural Extension, Ministry of Agriculture, Bangkok, Thailand

- 12 -






Table 11

Year Insecticides

1975 4,830.00 1,155.00
1976 6,251.00 1,270.00
1977 10,198.24 1,7/02.24
1978 14,2643/ 2.736.31
1979 16,557.00 2,787.50
1980 15,030.06 2,/21.2%
1981 14,068 .89 2,565.27
1o82 11,601.00 2,447.2%
1983 9,639.00 3,891.00
1584 12,2880 3,546.00

Fungicides

Farm pesticides used in Thailand, 1975-1984

Unit:

mt

Herbicides Fumigants

1,874.00 166.00
2,225.00 169.00
3,745.92 192.48
5,545 .30 222.18
5 295.25 4.00
6,377.00 331.50
1,69 7.86 487.35
4,824.25 598.00
/,270.00 586.96
9,166.00 324.00

Souree s Center for Apricultarad Statistics, My of Apreultune, Bangkok | Hunland

Infrastructure  and  facilities for transportation
need to be set up. More research on postharvest
losses is needed. Personnel tained in postharvest
handling are Lacking,

In amproving  yield  and quality, rach
vegetable must be addressed individually, because
each differs + discase and insect susceptibility.
Sometimes  physiological factors have 4 more
serious effect on vield and quality than pests.
Tipburn on nead lettace iy g physiological disorder
which causes seriouy damage in termy of hoth
quality and yield.  Heat susceptibity in tomato
Coit Gaso setiudsly ceduce yield and qualicy. Most
varieties of tomato are susceptible (o bacteriyl
wilt, late blight and yellow leaf curl, Bacterial

wilt 15 caused by Ierdoononon solaiiaccarin,
late blight by Phoveophiiiore infesians, and yellow
leaf curl by a virus: these three diseases are the
major diseases of 1omato in tropical areas. Resist
ance antomato varieties will have o pronounced
effect on the yield und quality of heir frui.

Basic technology tor vegetable seed produc
tion has not yet been established in Thailand.
Mismanagement at various staqes of production.
whether in the field or in postharvest handling,
leads 10 low yield and poor seed quality. A

few government institutions are involved in seed

14

production studies e.g. Chiang Mai University,

the Ministry of Agricuture and Khon Kaen
University.
MAJOR CONTRAINTS IN

VEGETABLE PRODUCTION

Pest suitable

varteties, deficioney in farmers! skills, deficiency

mjury, unavatlabulity  of

in postharvest echnology, and poor marketing

are the major constraints (o vegetable production
in Thailand. Other problems are:

b The lack of saequate research programs capable
of developing new, improved] varieties/hy brids
adapted 1o local needs

2o hack of intrastructure and support from the
government for fresh vegetible and vegetable
seed production.

5 Lack of postharvest fucilities and technology
for  fresh excellent

vequiables  (although

processing and  storage  facililies have been

set up for harvested seed).
4. Poor marketing for both fresh vegetables and
open pollinated seeds.

Adaptable  varieties  of vegetables  with

disease resistance and stress tolerance are needed

for fresh vegetable and seed produrtion. In-















10.
11,

el

13.
14.

16.
17.
18.
19.

21.

"

P an

o]
-

24.

APPENDIX I. SCIENTIFIC NAMES OF VEGETABLES

Crop

Angled Luffa
Paby Corn

Bird Pepper
Bitter Gonrd
Cabbage

Chith

Chinese Cabrhage
Chinese Kare
Chinese Radish
Cucumbar (large)
Cucumber (small)
Garden Pean

Gat b

Ginger

Chinese Leat Mustard
Lettuce
Multiplier Qnion
Onion

Pak chin
Pumplan

Shatlot

Taro

Tomato

Water Convolvulus
White Gourd
Yam

Yard Lony Bean

.19 .

Scientific name

Luffa acutangula

Zea mays van ., rugosa
Capsictm anmadin
Momordica charantia

Brassica oleraced var, capitata
Capsicum trutescens

Brassica pekinensis

Brassica oleracea var . allhoglaba
Raphanus sativies van . fongipinnatus
Cuctrnis sativiis

Cucurmis sativus

Pistm sativim

Al sativinm

Zingiber otlicitale

Brassica Junced var . rugosa
Lactueca sativi var. Crispa
Al cepa var aygregatam
Allium cepi

Brassica chiensis

Cucurbity pepo

Allium ascalonicar
Colocasia esculentum
Lycopersicon esculentum
Ipomoea aquatica

Benincasa cercifera
Dioscoraa spp.

Vigna sesquipedalis



A,

Q.

NISCUSSION

(D.J. Murphy)
What type of potatovarieties do you recommmend for planting in Northwest Thailand?

What is being usd is o variety from the Netherlands. 1t is not ideal for processing; it is better for the
fresh market. We wied introducing varieties such as 5. Jurbank from the United States, but we have
difficulty in producing these varieties here.  Dr. Tongehai Tonguthaisri is the head of the potato

project.

(B Rawell)

Muach of the worl you presented on sweet corn, peppers, tomato and Chinese cabbige seems to be
’ l H

concerned with the development of ¥, hybrids. (s this emphasis because the hybrid seed is more

profitable to the farmers who produce seed, or because it has been determined that the hybrids

provide a better return” I the latter case, does the yield advantage justily the extea cost for the

i Y Je J

vegetabile growers?
This is not my owin work, bui rather a report on that dene by seed companies. They work on both
open pollinated and 'y hybrid varieties. Crowers can benefit from the Iy varieties but so far these

are not widely disaibuted here in Thailand.

In ¥, tomato hybrid secd production in Thailand, there is a problem of a low germination rate - less

than 85%.

- 20 -
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NH,-N TOXICITY AND CALCIUM DEFICIENCY N
TIPBURN AND INTERNAL ROT IN CHINESE CABBAGE

Hideo Iman

Asian Vegetable Rescearch and 1evelopment Center
P.0. Box 42, Shanhua, Tainan, Taiwan, R.O.C.

INTRODUCTION

Tipburn in summer grown Chinese Cabbage
is a serious problem confronting most growers.
Since the first paper was published on this subject
in the U.S./A. in 1946', many publications have
appeared which indicated that tipburn  was
associated with high levels of nitrogen, temporary
water stress and  high  growth rates®+?+*->,
However, the cause was generally attributed
to calcium deficiency due to a variety of

environmentai, physiological  or  nutritional

factors®-7-%-2. 111 Phe calcium deficiencies
were traced either to low available soil calcium,
or to inhibited calcium absorption and transloca-
tion in the plant.

Soil scienre research at AVRDC has recently
confirme2 that ammonia toxicity, which causes
root damage and subsequent water stress, 1s the
direct cause of tipburn in summer grown Chinese
cabbage'*-'*. It is the root damage which
inhitits calcium uptake, and thus the association
of calcium deficiency with tipburn.  Internal
rot in Chinese cabbage is also caused by excess
application of nitrogen, but is unaffected by
soil calcium levels. In terins of crop damage
internal rot is in fact a more serious problem
than tipburn as it causes a greater decrease in
market value of the cabbage head.

Based on these findings a series of experi-
ments were conducted to develop cultural
practices for soil, water and fertilizer management
which could minimize the occurrence of tipburn
and internal rot in summer grown Chinese cabbage

crops.

EXPERIMENTS AND RESULTS
Ammonium Nitrogen Toxicity

Ltfect of nitrogen source on tiphurn and internal

rot in Chinese cahbage
Experiment

In the autumn of 1983, at the AVRDC
greenhouse, Tainan sixteen day old seedlings
of Chinese cultivar Fong-luli were transplanted
to sand filled pots and irrigated with the culture
solutions as described in Table 1. The leachate
of the culture solution was collected every three
days and analyzed for NO;-N, NH,-N, cat?t
and pH in order to assess the nutrients absorbed
at cach growth stage. After harvest, at 47 days
after treatment (DAT), the cabbage heads and
outer leaves were weighed separately and then
divided into blade ard midrib portions for

analysis of »utrient uptake.
Regnlts
Growth and yield parameters

Plants grown with NO;-N throughout their
growth period had the highest yields, and those
grown in NH4-N the lowest (Table 2). Although
the yields of plants started with 8 meq of nitrate
until head formation stage (BHF growth period)
and finished with 16 meq to harvest (AHF growth
period), were almost as high as those with 16
meq of nitrate throughout their growth (BAHF

. 2% .
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Table 1 Constitution

Elem.n* Salts used
N NaNOJ , (NH4 )2 '504
P K2 HPOy, Ca(NOy ), =4+, 0
K250, KNO,;, Mg(NOj3); 6
Ca CaCly "2, Q00 Cah0, 20,0
Mg MgSO, are mised
Fe EDTA  te
Mn MnSQ,  H- O
Zn Zl1504'7|"20
Cu CuS0,*5H;0
Mo Na; Mo <24, 0

*

P was adjusted to 6.0 using 0.2 N 1, 80,

Tabe 2 The effect of torm and conc

of culture solution

Respective
concentrations as element
(Ppm)

224,112 or 56
{depending on treatment)
41
313
320 and 160
49

H, 0

0.5
0.05
0.02
0.01
0.5

. +4
entration of nitrogen ard Ca

cancentration on the head vield of Chinese cabbage

N form and concentration

(meq/l)
before head after head Ca
formation formation (mec
NO; 16 NO3 16 61.8
NO3 NO; 16 54.1
NO; 8 NH3 16 17.0
NO, NHy 8 21.3
NGO, 4 NQO3; 16 35.3
NOj; a NHg 16 9.5
NH4 i5 NO3 8 15.3
NHy4 16 NH4 8 3.1
NHa 8 NO; 8 13.4
NH4 8 NH,4 8 4.3
Average 23.5

iy weight of the head

(49)

T e Average
0 Cag Ca 16
1/1) (meq/l) {meq/1)
a 57.2a 59.7a 59.5a
ab b7.7a 55.0a 55.6a
cd 18.0¢ 20.2h 18.4¢
cd 34.1b 28.9b 28.1h
b 35.6b 27.3b 32.7b
cd 10.2¢ 7.9¢ 9.2d
d 5.6cd 5.9¢ 8.9d
d 1.7cd 1.1c 2.0e
cd 14 .5¢ 3.5¢ 10.4d
d 4.6cd 2.9¢ 3.9de
a 23.9a 21.2¢

- 24



Effect of nitrogen treatment on Chinese cabbage head vield (o Ca applied)

NO; =~ NO; indicates NO MO meq BHE NO N TG meg ARE
1/2 NO; » NO, indicates NO N & meqg St :NO4-N 1o meqg AHE
1/4 NOjy  » NHy indicates NOg 4 meg BEENEFLG-N TG meqg AlE

a

t/4 N0 {1/4 NO,

No, | N

e

Effect of n:lrogen treatment on Chinese cabbage head yield (160 ppm of Ca supplied)

Abreviations as in Plate 1

- 25






Teble 3 Total mtrogen content (T

N form and concentration (meg/t)

before head

formation

NO,
NO,
NO,
NO,
NO,
NO,
Ny
N,
N,
Nty

16
8
8
8
q
a

16

16
8
8

Treatment No.
(Ca meq/t)

—

LB =
LM =
oLy =
OLM

16

16

after head

tormation

NO,
NO,
NH,
N,
NO,
NH,
NO,
Nty
NO,

N,

L

0.21
0.30
0.23

0.23
0.38
0.42

0.11
0.11
0.14

0.07
0.16
0.14

0.20
0.48

0.37

inner leat blade

inner leaf midrib

outer leaf blade

= outer leaf midrib

16

16
16

16
16

8

o

N%) of Chinesc cabbage lcaves

Totat nitrogen (dry weaighit basis) (%)

head teaf

blade midinb
4.29b 3.3 1bed
4.1ab 3.13cd
4 9440 J4.014
4.26b 3.02d

4 33b 3.36bLcd
4.33b 3.64abh
4.12b 3.04d
5.28a 3.60b
4.43b 3.09cd

5.08a 3.48bc

Table 4 CaO countent of Chinese cabbage teaves

CaO %
ILM oL
0.52 3.17
1.27 6.00
1.23 6.42
0.5Y 3.38
1.29 6.65
1.23 6.47
0.36 1.90
0.41 3.32
0.56 3.68
0.21 2.25
0.52 3.70
0.60 4.03
0.57 3.42
1.14 6.36

585

Ireatment No.

OLM* (Ca meg/t)

1.98 0
4.21 6 8
3.65 16
2.37

4.42 7 8
4.17 16
0.82

2.93 8

3.28 16
0.86

3.24 9 8
3.36 16
2.39 0
5.18 10 8
4.22 16

.27 .

-8

0.08
1.09
0.22

0.28
0.13
0.21

0.13
0.42
0.27

0.36
0.41
0.41

0.1
0.3¢

outer ieat

biade midrib
a4.51bc 4.09a
4.51bc 3.84ab
3.91bcd 2.70¢
3.88cd 2.09f
4.54b 3.65bc
3.85d 2.30ef
4.45bcd 3.14d
5.65a 3.33cd
4.22bcd 3.42bcd
u. lda 2.04e
CaO %
ILM OLB  OLM*
0.18 1.80 0.64
0.42 2.59 1.73
0.63 3.16 2.83
0.58 3.2 2.26
0.65 3.39 3.01
0.94 a.55 4,26
0.4% 1.22 N.66
0.47 2.26 2.04
0.38 3.08 2.64
0.72 3.22 2.15
1.10 4,85 4.16
0.93 5.01 4.09
0.38 1.21 0.50
0.63 2.6] 0.98
1.10

0.70
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Fig. 1 Nitrogen treatments

Numvurical values in parenthesis show nitrogen concentration in megq/!



formation stage during which Chinese cabbage

' most susceptible to tipburn However, the

plants  which  suffered  the vield loss

due

received more ammonia during the fourth week

greatet

to ammoniy texienty were  those  which

of treatment (Treatments 4, 7, 11),
The

treated

incidence of tpburn occurring

recorded i Table 60 Tipbuim
10,

In Troatments

plant 1y
symptoms were found i Treauments 3, 7,
L 12, 13, 14 15, 16, 17, and 18,
3,7 10, NH; N owas ted during the head

Initiation 1118,

and

pericd,  while in Treatments

NH,;-N was fed from initial growth stage either

untii head formation staye or harvest. Good

17,
plants which were started on NH, N and changed

yields were achieved in Treatment from

in Treatment
MH, N was
without

over gradually to NO, N: however,
17, 16
stnply application
NO; N,
though concentration of NH,-N was as low as

as o Treatment which
reduced

substitition

"
rate
still

n

of tpharn occurred

28 ppm.,

This ir"icate that as a cause of tipburn,
the nittogen source iy more important than total

application rate.

Table 6 CaO contents in leaves and frequency of tipburr and internal

rot in ASVEG # 1

Ca0 % (dry wt. basis)

Treatment ———- oo

Head blade Head midrib

1 0.27 ab 1.20 a

2 0.18 cdef 1.18 a

3 0.18 cdef 1.17 a

4 0.23 bc 1.0% abe
5 .19 cde 0.87 d

6 0.32 1.16 a

7 0.26 b 0.96 bed
8 0.14 ef 0.66 e

9 0.17 cdef 0.88 d
1O 0.18 cdef 1.08 ab
11 0.16 def 0.47 f
12 0.16 def 0.47 f
13 0.14 ef 0.55 ef
14 0.12 f 0.62 ef
15 0.13 ef 0.68 e
16 0.14 ef 0.50 f
17 0.16 def 0.91 cd
18 0.17 cdef 0.47 f
19 0.22 bcd 0.07 ab
20 0.21 bed 0.98 abcd

.30 .

e Internal Tip-
Outer blade Outer midrib rot burn
7.07 ab 3.03 ab ol
6.606 abc 3.27 abc ihlid
6.56 abcy] 3.01 bcd Kk ok * %
7.23 a 3.60 a ok ek
6.25 cdef 2.94 bcd koK ok
6.39 bcde 3.03 hcd *
5.12 g 1.87 g * %k
5.75 efg 2.71 de *kokok
5.57 fg 2.39 ef KKk
5.89 def 2.42 ef F*okkx
1.79 i 0.79 h * % Kk ok ke
2.38 i) 0.78 h *k Fokokk
2.94 hi 1.02 h *% kkwk
3.41 h 2.16 fg * %k *k Kk
5.60 fg 3.50 a *k *k koK
2.87 hi 0.98 h *okk *hK Kk
6.26 cdef 3.25 abc *kokok
2.22 ij 0.69 h * Kk *kk
7.11 ab 3.56 a *k ok
6.2 cdef 2.90 cd * ok kk




Effeer of waitrogen treatments on Ca™toand N
uplake

The distribution of Ca' ¥ in the leal blades
and midribs of treated plants together with the
frequercy of tipburn and internal rot occurrence
Table 6. Ca'"

Ca content of the
outer leaves was much higher than that ef the

are recorded in
content of the leaf
10 1o 30 umes

be seen that

. oy
head teaves, especiddly Ca

blades of the outer leaves was

that of the head leaves, It can

regardicss of NH, N concentration, plants suppiied

NH,-N throughout their growth had lower ca'!
contents (Treatments 11-14, 16, and 18). NH,; N
application suppresses ca'’ uptake by Chinese
cabbage because of severe root dumage and/or
because of competitive mhibition of Ca' uptake.
Total nitrogen content i the leat bladoy
of the head leaves was adways foand to be higher
thar in the midabs. A lot of mirogen accumu-
lated in the head leaves of plants treated in the
fourth week of treatment with NH,-N (Table 7).

BEoth Co/N rauo and Ca content correlate

closely with the head weight (Table 8).

Tabie 7 Effect of N treatment on total N conteation in leaves of ASYEG 21
Total nitrogen (%)
Treatment Head Outer leaf
Blade Midrib Blade Midrib
1 3.80 efgh 3.22  cdef 4,01 bcd 461 a
2 4.03 efgh 3.38 cd 4.24  bcd 4.19 abc
3 4.35 def 3.51 bc 447 b 3.91 bc
4 523 ab 3.95 a 4.33 bc 4.13 bc
5 4.23  defg 4.00 a 4.14  bcd 4.33 ab
6 4,03 efgh 3.16  cdef 4.14  bced 4.30 ab
7 4.82 bed 3.98 a 462 b 3.39 de
8 4.82 bhed 4.18 a 3.98 bed 381 «cd
9 4.30 def 3.83 ab 457 b 381 «cd
10 4.37 det 3.55 bce 453 b 3.80 «cd
11 4.44  cde 2.85 g 3.26 ef 2.28 o
12 4.34  def 274 g 3.62 de 2.13 f{g
13 4.15 efg 2.99 defqg 2.32 ig 2.01 fg
14 3.43 h 1.53 j 2.17 h 0.99 g
15 3.77 tgh 1.97 i 2,15 h 1.10 n
16 3.65 gh 236 h 281 fg 1.81 h
17 4.10 cfg 2.95 efg 3.67 cde 3.03 e
18 5.08 bc 3.97 ¢ 559 a 4.02 bc
19 4.15 efg 3.30 cde 3.70 cde 431 ab
20 5.74 a 4.15 a 3.07 ef 3.30 e

.31 .
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Table 3 Correlation coefficients among leaf nutrient content

and head dry weight

Nutrient content

read teafl blade
Head teaf midiib
(%) Outer leat blade
Outer teaf midrib
tHead leat blade
CaO
(%)

Head leat midrib
Outer leaf hiade
Outer teaf midrib
Head leat blade
Heod leaf midrib
Ca/N
Outer leal blade

Outer feaf midrib

Effect of nitrogen treasments on internal rot

It is difficult 1o clarify the relatonship
of the incidence of internal rot and the factors
involved in ti.e treatments, as internal rot occured
10 and

17. Internal rot was seen to be agyravated by

in all treatments excent Treatments 7.
later application of NH,-N: however, it occurred
even when plants we » fed NO,-N and no cor-

relation could be established between Catt
content of the head and internal vot frequency.
that could he
and,

excessive

It was confirmed internal rot

. . R
avoided by adaitional Ca
that

growth following heavy basal nitrogen application,

application,

compact heads aseociated with

contributed to the incidence of internal rot.
Therefore, 1o minimize both tipburn and internal
rot in Chinese cabbage, nitrogen of the correct
source should be applied in four to five split

applications, rather than as a basal applicatinn.

Head dry weight
Variety

Fong-luh ASVEG #1
--0.445 *+ —0.127 ns
—0.246 ns 0.293 ns
~0.137 ns 0.290 ns

0.494 »+ 0.6a8 ++

0.049 ns 0.385 *

0.469 ** 0.821 *~

0.575 *= 0.904 **

0.418 *+ 0.859 *+

0.149 ns 0.962 **

0.472 *+ 0.5G1 *~

0.533 ** 0.571 **

0.209 ns 0.080 ns
Intergrated Cultural Practices
Experiment

Six greenbouse experiments were con-

ducted to develop intergrated cultural practices
which would minimize the incidence of tipburn
and internal rot in Chinese cabbage (Tables
9-14). The experiments were carried out fromn
summer 1984 to autumn 1985 at AVRDC,
Taiwan.

Experiment 1 had a split-plot design with
two replications with the cultivar as the main
plot and foliar spray application as the subplot,
Seedlings of either ASVEG#1, an October 30th,
or Fong luh, on Novembar 2nd, were transplanted
into plastic containers, 50 x 35 x 20 cin (20 cm
depth). The ASVEG=1 were harvested
on December 11th, and the Fong-luh on December

14th (Table 9).

toil
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Table 11 Efject of nitrogen fertilization, foliar spray and IGETA GEL application on
Chinese cabbage internal rot. (Exp. 3, Spring, 1 2t5)

Variety: ASVEG#]

Treatments: Fertilization

Jreatt ‘ o Olher treatmengs  TOtal weight  Head waight Inte'rnaly
Basal 10 DATZ 20 DAT (a/plant) (9/plant) rot
1 Liguid NO<-N, 020 g N s applied NO 1376 ¢ 860.0 bed 1.5
twice 3 weelk
2 2-1.5-2.% 100 NO 1430 abe 905 abcd 2.5
3 3-1.5-2.5  1-0-0 1-0-0 NO 1680 ab 1047.5 ab 2
4 3-7.5-25 1-2.5-0 1-2.5-0% NO 1525 abe 1042.5 ab 2
5 2-1.5-05 1-0-0 Foliar spray of
Ca-citrate BHIW 1410 abe BY7.5 ahcd 2
€ ' " FS Citrate BHI 1500 abe Y525 abed 1.5
/ " v FS Malate BHE 1690 a 1005 abx 2
8 " " Covermg BHI™ 13495 be 710 e 0
9 ! " Leafl typing 21 109Y Halh e 0
10 " " IGETAGEL (%)Y 1420 abx 8025 ¢d 2
11 " " " (%) 1440 atx 900 abced 2
12 3-7.5-2.5  1-25.0 1.2.5-0 " (H%; 1645 abe 1085 a 1.5
LSD 259 190

“ Days atter transplanting, Liansplanted on Apnl 2, 1985, harvested on May 8, 1985

Y Numcrals indicate the relative extent of internal rot damage

MNand P applicd topether mothe form ot (NH ), HPO,

Y Cacitrate foliar spray before icad tormation

VIGETAGEL iy mixed with sotb mass (18 e dia s 10 em depth) prior to seedling transplinting

Table 12 Effect of Ca-chelate application and increasing water holding capacity in soil
Ly rnaterials incorporation on Chinese Cabbage tipburn and internal rot.
(Exp. 4, Summer, 1985)

Total Head Extent of*
Treatments wzight weight Bt —
(g/plant) (a/plant) Tipburn Internal rot
Mair plot
1. CaCly 1069.6 a 40i.2 a 1.1 2.4
2. Ca-citrate 10.8.8 a 4229 a 1.5 2.2
LSD (.05) 1949.3 1427.7
Sub-plot
1. Check 1015.5 a 386.5 a 2,5 5.0
2. SRH 1071.3 a 388.4 a 2.0 4.5
3. Quartz sand 1188.8 a 55754 1.5 4.0
4. Gypsum granuiar 1101.1 a 501.3 a 3.5 4.5
5. Vermiculite 1104.6 & 403.9 a 3.5 6.0
6. Compost 1025.5 4 322.4 3 2.0 4.5
7. GETA GEL, 1% 884.2 4 3327 a 2.0 4.5
8. " , 2% 1127.2a 485.2 a 2.0 4.0
9. " , 5% 1015.3 a 420.0 a 3.5 4.0
10. " , 7.5% 1108.5 a 322.8 a 1.5 5.0
LSD (.05) 370.7 286.8

* Numbers listed are relative extent value of tipburn and intrual rot. The higher the value, the severer symptom appeared

.34 .



Treatment

Table 13-a

MateriatV

Experimental design for Experiment &

<

5

Sub-suriace drip

Covering™ S FertilizerY Boric?
No, added Irrigation
1 NC: Red film 2 No Solid Yes
2 < " " " "
3 N*) " Yes ' "
4 NO Red film 1 " " "
5 NO Blue film 2 No ' "
6 Qs " . " "
7 NO " Yes " "
8 NO Blue fitm 1 " " "
9 NO Rice straw 2 No " "
10 Qs " ' " "
11 NO " Yes " "
12 NO Rice straw 1 " " "
13 Qs No No " No
14 < " " " Yes
15 GG " " " No
16 GG " " " Yes
17 NO " Yes 1 pipeai 10 cm " No
18 NO " Yes 1 pipe at 20 cm " "
19 NO " Yes 2 pipes at 1G, 20 cm v '
20 NO " Yes 2 pipes at 10, 20 cm " Yes
21 NO " Yes Liquid No
22 GG " " " "
23 Qs " ' " "
24 NO " No Solid "
Duration:  Transplanted on Auz 20085 and harvested on Sept, 24,83
7 Borie: Yes; $00 my of bosic acid is added 1o vacl plant
No: No

Sohld fertilizer is apy “edan the following ratio:
Fertilization oN-P, Q=K O, ¢ 'pon)
Rasal Lop 1 (10 DAT)
f.0-1.5-1.0 1.0-0-1.0
Piquid; 0,23 0 N Jisolved dn distilled water is applicd 3 times a week
Al the PUK are added 1oas basal tertilizer

Y lertitizer: Solid:

Top 2 (20 DAT)
1.0-0-0

M rrigation pipe: Water s applicd
Yes; theourh o tdeation pipe buricd at the depth o cither 10 cmor 20 em
No; Ordinary watenne
WCavering:
Red tilm by Pl iy covere D id red plastie film for 2 weeks from D week alter rransplanting (Aug 28-Sep 11)
Ked film 25 Covered tor 2 weeks from 2 weeks alter transplanting (Sep - Sep 1)
Biue filng:
Rice siraw; Outed leaves of pintare covered with rice straw
Numerals tolloawvinge covering matecials have the same meaning as the red film treatment,
Gl Gypsum oranule, OSN3 Quanz sand. These materials are mixed with soil at the ratio of 2 to 50

Covered with blue plastie 1ihn

Y Material added:
by werghi
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ASVEGH 1
Solid WHN

[ S
B ASVEG ¢ ]
Liguid WHN

Vit SOl G
Porve ot opht norogen terloer apphioation
In Experiment 1, the outin leaves were internal rot.  The rnice straw can be used as
covered with black vinyl sheet in Treaunents covermy from one week after vansplantung and

A4 8. Covering of these feaves from wansplanung
(o the head tormation stage both gave Aighet
than any othier coyering practice ane, also
“he

v bl ne effect or the ancidence of

yield

greatly  redueed meidence  of - apburn
Howgoyer,
Covening ol the outer leaves after

tternal 1ot

Bead Tormation cansed o gieat decrease in head
weight nd aggredated both tpburn and internal
rot (Table )

t.ack

tying {Treatment

I Frpeniment S0 covenny with

vinyl i (Treament G) o

GY of the onon feaves BHE completely eliminated

internal 1o, thengh with worme decpeae both

total and head weght (F Ble 1)

In Experment S U huness cebbage plants

were vither covensd Ly noe e pheedon the

outet  leaves o cntely heltered under blue

or red calored filmoat o heaht of S0 cm above

the plants at o o wio wecks after tansplanting
(WA'T) (Table 19a) The

effective in contobhng

nee straw covering

Was both  upburn and

. 41

then mulched onto the bed surface aftor two

wieoks of covering. The red filn e ako effective
in reducing both dpbuim and internal tot but
pot as practivat i vwe as the nee stravs Although

alimimated mernal

blue film  cover  teaunent

rot, it also gy vl npbusn and o caused
sigrificant yield o e vt frowas noted
that the e of covening b ot and 1t
i recommended G thi cheuld commence
At one week after tonsplinng and b perove 4

o bater than head formation et n

In Fxpornnent b codeninyg with erther ted o
yellow film alone dud nor cleaee mtectal 1ot
moeither cultivar (Table T4b) A comtananon of
covenng with fim oand subsurfoce dop ngation
could however. contich mternal 1ot comj letely.
Growth rates could be suppressed by coverng, Of
enhanced by supplying mtrogen fertilizer through
4 drip nngation nuvient solution as required,
Thus, tipbuin and internal 1ot coutd be eluninated

without significant decrease an yield by weight.



Outer leaves only covered with hladl vinyl sheet

j
/
r///,//,//,/;{‘

/
/ /'/‘/j

Wi
7,
7z

Outer feaves covered with nice straw
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I fleet of warer managemen!

In Expermient 4, various materials wer
tested as sotl ammendments which when applie
to the sol wonld incerease water holding capacity
1o stady the effect of their use on the incidenc
of upbwin and anternal ot in Chinese cabbage
Al plants o these veatments suffered seriou
tipburn and nternal tot symptoms (Table 14b
The result mt nerease in o aveitable water incirease
the ininal top wowth of the plants, but himite
root growth with tie resalt that sotl moistue
tluctations i the o became greater tha
i the non aended soil

In Expenmient U subsacbace dop ungatio
al TU or 20 cm depih vias etfective i reducin
both npburn and teral vot i Chinese cabbag
Clable 15)  lmaal growth veas shohidy retarde
an the roots grew down o the water source,
provess which accelerated root clongation and
ensired  the  establishiment  of  sefficient 1oo
mass.  This combined with nunimal soil moistur
fluctuation  during  the growth periods resule

i decreased tipburn and mternal rot.

Regulation ot growth rate by covering
ASVEGT]

Culttivar:

.43 .
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In Experiment 6, subsurface drip irrigation
proved superior as o means of applving nitroyen
tertihizer for Chivese cabbage. it both enhanced
roouny and vequlated  the nead  growth rate,
Combmed with conusl of growth by covering,
subsiiface dip wnation, subs face drip split
Apolications of  mtcgen feniliver gave  high
heatd welght vields withone any symptoms of

upbuin or fnternal o

Chinese cabhuce varietal sisceptibiliny 1o tpburn

and mjernal or

The suscepubility of the round headed
ASVEGHT varety and the olerance of the long
headed Feng luh variety 1o internal ot hoad
previously boen established. The Fong luh head
15 composed of many leaves stnlar growth
rates o and deal weights b (e ASVERG 0] head
isocomposed of fewer, b thk ned leaves,
the inner leaves of winah clowe m upen themuelves,
with the head ballomng as additonal mnor leaves
develop within forming o very compact heart.

A heading progresses the presan produced by

Effect of water management
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If your quesiion specifies a direct relationship between high temperature and the incidence of tipburn
and/or interaal rot, 1 have not seen data tha establishes this, However, thereis alotof dat coneerning
the secondary offects of high temperature, which include acceleration of the growth rate, and especially

int.ial grovsth, which in turn can result in tipburn and internal rot.

(R.L. Villaraal)
Have you considered doing a similar series of experiments studying the effects of calcium on blossom

end ot in tomato?
Yes, we have done 1 similar experiment on this problem and can now control it satisfactorily.

(C.Y. Yany)

I congratulate Dr. Imai for clarifying that tipburn and internal rot of Chinese cabhage are physio-
logical disorders, and not pathogenic disease problems. Dr. Imai, could you make it ~ear whether
tipburn is caused by ammonium or nitrate nitrogen fertilizer application? Which type of nitrogen
sowee do you recommend in order to reduce the nitregen toxicity which causes tipburn?

As Tste inmy paper, NH. N causes tipburn, and bath NHY N and NO,-N cause internal rot when-
ever o heavy basal applicadon of aittogen fertilizer iv applied. NI l,i-N topdressing at hea formation
should therefore be avoided. It is nol that ninoget fertiiizer containing NH,:-N should net be recom:
mended, but when used, the following factors musi be kept in mind: to avoid heavy applications at
all times; to avoid any application of NH; N at heading time; and when using it, ensure that the crop

s well drained.

(K. Piluck)
AAs fast growth is the ceason for tipburn and internal rot, is it possible that a plan: growth regulator
which limits root and leaf development could be used to control the condition, and if so, at what

stage vould you apply the requlator?

I have not tested this, but in theory I would expect a retardant could be applied one week after
transplanting: two wecks would be too late,

(B. Khatikain)
In this experiment, the use of urea is not specifically considered, but thir is the form of nitrogen
source most commonly used in Thalland. How does urea as a nitrogen source fit into your results?

Using urea has the same effect as using NH,;-N, as the urea isconverted to NH -N, and then nitrified to

NO; N. The two foims NH:;‘»N and NO.-N represent various types of nitrogen fertilizers available

to farmers,
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WELED CONTROL IN VEGETABLE FILLDS IN JAPAN

Norio Seyani
National Rescarch nstitute of Vegetables, Ornamental Plants and Tea®
Ministry of Agriculture, Forestry and Fisheries
Ano, Mic, Japan

ABSTRACT

The special Jeatures of weed conirol in vegetable fields inJapan are analyzed  and the dominani weeds
which compere witl Jupan's upland and vegetable crops are discussed. Chemicals registered as herbicides in
Jupan are wiven, together witle current and futre rends of herbicide developnient for use on vegetuble

crops utJuapan.
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WEED CONTROL IN VEGETABLE "IELDS IN JAPAN

Norio Seyama
National Research Institute of Vegetables, Ornameittal Plants and Tea
Ministry of Agriculture, Forestry and Fishories
Ano, Mie, Japan

INTRODU_TION

Increased labor costs in Japan have accelerat-
ed the general accep ¢ of chemical weed control
methods for vegetable crops, although they are
still less popular for vegetables than for grain Crops
like rice.  Vegetable growers generally prefer cul-
tural practices, such as intertillage, sidedressing,
manual weeding plastic mulching and apphcation
of multipurpose soil fumiganis". However, herl.
cide use is increasing in vegetable production, and
can be expected to have a greater impact on vege-

table production in the future,

DOMINANT WEEDS OF JAPANESE
CROPS

Weed emergence is affected by the combined
mfluence of climate and soil, and also by cultural
practices, including the cropping history of the
held. For Japan's upland crops, the most impor-
tant of which are wheat and soybean, broadleaf
weeds are dominant in the cold Hokkaido region,
while grasses are dominant in the warmer Kanto
<nd Kyushu regions (Table 1), However, the domi-
nant weeds of vegetable fields are rather different.

Since vegetable fields are small and Intensively

Table I Dominant weeds in the districts of Japan
District Weed Family name
Hokkaido Grasses 24% Echinochloa
Broadleaf 73% Chenopodium, Potygonum, Stellaria, Commelina, Senecio, Veronica

weeds (BLW)
Tohoku Grasses 48%
BLW 47%
Grasses 67%

Kanto & Tokai Digitaria

BLW 29%
Kyushu Grasses 87%
BLW 9%

Solanum, Rorippa

F.chinochloa, Digitaria, Setaria

Chenopodium, Commelina, Portulaca, Cyperus, Senecio, Acalypha

Chenopodium, Portulaca, Cyperus, Acalypha, Amaranthus, Mollugo

Digitaria, Echinochloa

Chenopodium, Polygonum, Acalypha, Amaranthus
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managed, there tends to he less weed emergence
but a greater propuction of broadleaf weeds.
Weeds emerge and grow most vigorously in
Japan from May to July, when there are moderate
temperatures and abundant rainfall. The summer
annual weeds during this period can cause serious
crop losses. Thus, control during spring and early
summer is critical in vegetable fields throughout
Japan, whercas control of winter weeds is critical
only in the warmer regions. The effects of weeding
on the growth of various vegetables is shown in
Table 2.
and lettuces resulted in greatly decreased yields,

Late wecding of spring planted carrots

and early weeding also caused some losses. Weeding
time for swmmer planted Chinese cabbage and
Japanese radish was not as critical as for the spring
planted crops'.  Cencrally, weeding time is most
critical for spring planted crops and in the early

stages of crop growth.

WEED CONTROL IN VEGETABLE
PRODUCTION

In Japan, vegetable growing is very specialized
and skilful. High returns are obtained from sn:all,

intensively farmed plots which need heavy inputs
of labor and materials to achieve harvests of high
yield and quality. Weed control of vegetables is
very different from that of other crops, as vege-
tables are very susceptible to agricultural chemical
injury: even slight contamination or injury may
result in quite unmarketable produce. Japanese
growers are reluctant to use chemical weed control
methods, and simple measures still remain popular
-~ weeding with hand tools, the application before
planting of soil fumigants, and direct spraying of
paraquat (1, 1'-dimethyl-4, 4'-bipyridiniurn ion}).

Plastic film, used for mulching and covering,
has revolutionized the growing of vegetables in
Japan, enabling farmers to produce vegetable crops
all year round. Vegetables grown under structures
now account for 11.1% of the total supply, al-
though they cover only 4.8% of the total area
planted in vegetables. This has led to a variety of
complex ‘crapping systems' (sakugata in Japanese);
In warmer seasons, both plastic tunnels and open
field cultivation may be employed. In winter,
structures are used, and various combinations of
cropning systems give year-round production of

dgitrerent vegetables (Fig. 1).

Table 2 Time of weeding and yield of direct seeded vegetables
) Planting Time of weed rermoval Complete

Crop date (No. of days after planting) weeding
Lettuce May 1 25 32 39 46 53
Head v. t. (g) 243 367 457 297 587
Cabbage July 3 1.30 1.25 0.58 0.16 0 1.62
Head wit. (kg)
Carrot May 23 30 37 44 51 58
Root wt. (g/m*) 0.58 1.57 1.44 1.42 1.32 1.90
Chinese cabbage Aug. 14 23 30 - 37 44 51
Head wt. (kg) 2.58 2.66 2.77 2.47 2.42 2.63
Japanese radish Aug. 19 20 27 34 41
Root wt. (kg) 1.35 1.25 1.19 1.12 1.22
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Vegetable Cropping type Jan. Feb. Mar. Apr. May Jun. Jut. Aug. Sep. Oct. Nov. Dec.
tomato 1. under structures h H s, t t, h
2. under structures —s, t t h h 5
3. plastic tunne) s s t t h h
4. open fialg 3 t s t h h
5. under structures —h s s, t t h
Japanese 1. spring planting s s,h - h {with muich & tunnel)
radish 2. summer planting s s, h h
3. autumn planting [—h s s h
4. winter planting —5 h h s
cabbage 1. spring planting s t s t, h h
2. summer planting h s s, t t, h
3. autumn planting h h s s, 1 t—
S: sowing t: transplanting h: harvesting

Fig. 1 Cropping system for tomato, Japanese radish and cabbage.




The development of so many cropping sys-
tems complicates weed control for vegetable
growers. Many growers continue to control weeds
successfully by using soil fumigation or plastic
mulch for vegetables grown under structures. How-
ever, the great diversity of environmental conditions
created also results in highly divesse weed popula-
tions, which vary widely in both type and quantity
in different places and at different times, so that
simple measures may sometimes prove ineffective.
Similarly in hevbicide use. the diversity of environ-
ments produces different herbicidal effects, and a
herbicide proven safe under one cropping syscem
will not necessarily  remain safe under another,
Therefore, cach herbicide must be separately tested
and approved for cach cropping system,

Herbicide effect varies from one vegetable
crop to another, which creates problems when
mixed cropping of vegetables or »otlation of vege-
table crops is practiced, Residual herbicide applied
1o a plot for a previous crop may cause injury 1o
the following croj.

These preblems mean that it is economically
difficult for chemical companies to develop herbi-
cides for such a iimited market. Ay a result, most
of the herbicides currently registered for use on
vegetables have been primarily developed for some
major crop.

CURRENT WEED CONTROL IN
VEGETABLE PRODUCTION

Chemical weed control has gieatly reduced
production costs and labor input for cabbage grow-
ers in Japan (Fig. 2). In 1961, weeding labor input
was 240 hr/ha, but in 1982 was only 67 hr/ha, In
one comparison of the cost of manual weeding and
herbicidal weeding carried out in 1982, it was
shown that a vegetable grower could use herbicidal
weeding for a cost of US$292 per ha (US$1 = Y 160)

o7

and in doing so save 54% of the cost of manual

weeding. Clearly, chemical weed control is cost
effective in vegetable production .

Soil treatment agents are commonly used in
vegetable production as herbicides. They are ap-

plied before or after sowing or transplanting,
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Weeding cost without herbicides
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Vg e Economcmpact of chenueal veeed control (Labbage).

depending on their mode of action. They control
weeds either by a differential action on the crop
and weeds duc to different germination rates,
or as a result of the different physiological prop-
Herbicides
of the former type can be applied to any kind of
vagetable, and are thus attractive to herbicide
Usually, the acreage of any one

erties of the crop and the weeds.

manufacturers.
vegetable is insufficient to warrant production of a
specific herbicide. Growers also prefer a single
herbicide applicable to many vegetables, as they
usually practice muluple cropping of vegetables
within a small aica. Presently, simazine (2-chloro-
4 6-di  (etnylamino)-1,3,5-triazine),
(i, a,a- trifiuoro- 2,6-dinitro- N, N-dipropyl- p-
toluidine) and IPC (isopropyl- N~ (3-chlorophenyl)
-carbamate) arc commonly used as soil treatment

trifluralin

agents. Growers apply only paraquat as a post
emergence treatment during the crop growth stage.

Herbicides with selective efficacy applied as a



foliar spray were formerly highly recommended,
but are not popular with growers today except for
use on a few crops such as carrots, onions and the
Solanaceae (tomato, eggplant, potato etc).

For vegetables grown under str.twtures, chem-
ical weed control is not common  Soil sterilization
with general purpose fumigants or heat not only
controls most weeds, but also suppresses soilborne
diseases, insects and nematodcs. Mulching with
plastic film after planting is also used as a further
control.  These controls are now being found
effective by open field farniers.

In 1983, the arca of vegetables grown in
Japan under structures, plastic tunnels and in the
open field were 29,000 ha, 61,300 ha and 518,000
ha, respectively, Of these, most of the areas under
structures and plastic tunnels used plastic mulch,
while 12.4%

out with plastic mulching. Black plastic film is used

of open field cultivation was carried

to control weeds in summer vegetable crops, and
on winter vegetables clear film is used with chenm-
ical weed control.

Weed Control for Ditferent Vegetable Crops

Weed control methods vary according to the

type of vegetable grown.

1. Onion, carrot and similar vegetables, which
are planted at high density and form a
leafy canopy slowly, require weed control
throughout their growing period. Chemi-
cal control by selective herbicides is more
commonly used for this group than for
any other.

2. Parsley and garlic belong toa group which
needs a very high labor input if hand
weeding is used, so that chemical control
is common. However, since vegetables

of this group cover only a small total
acreage, specific herbicides have not been
developed.

3. Cabbage, Chinese cabbage, cucumber and
tomato are major crops planted over a
large area, but even so chemical control is
not popular for these crops. They form
two sub-groups.

i. Japanese radish, cabbage and Chinese
cabbage are grown without much input
of labor or materials. Weed control is
critical only during their early vigorous
growth stage, and can be kept to a
minimum to save costs.

il. Tomato and cucumber are grown inten-
sively, and weeds are usually controlled
by cultural practices such as mulching
and soil fumigation.  Growers of

Cucurbitacac avoid herbicide use, as

these crops are particularly susceptible

to chemical iniury.

WEED CONTROL FOR COMMON
VEGETABLE CROPS

Table 3 lists the herbicides registered in Japan,
thevegetable crops they are used for, and the appli-
cation method(s)".

Amaryllidaceae

As onions grow relatively slowly to form a
leaf canopy, vieed control is required over a long
growing period. However, since onions are planted
at high density, manual weed control is difficult
and chemical weed control is commonly used by on-
ion growers, especially in Hokkaido where onions
are planted on a lacge scale. Trifluralin, simazine
and IPC areapplied before or after bulb transplant-
ing as preemergence controls for broadleaf and
grass weeds. Ioxynl (3,5-diiodo-4-octnoyloxy-
benzonitrile) and alloxydim (3-(1~allyloxyamino-
butylidene—é,é—dimethyl—2,4-dioxocyclohexane-
carboxylate) are s wlied to remove grasses in the
early stages of growth,

Compositae

As lettuce is a cold weather plant, its early
growth is slow. Consequently, weed control is
required over a longer period than with other leaf
vegetables. Injury by weeds can be severe in the
cropping systems whereby lettuce is planted in

both spring and summer. Trifluralin, propanil
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In 1970, Nishi*+* recommended the devel-
opment of herbicides along the following lines.
Herbicides should:

1. leave no residue hazardous to the vege-

table crap, other crops or the environment,

2. be effective at minimal dosage,

3. be safe to foliar crops,

4. be developed with adjuvants to make their

effect more pronounced over o longer

period,

5

be stable and durable under the high o
ture conditions encountered 1 Japan'y
vegetable producuon,

6. include nevbicides o aranular form which
yemaln stable when incororated into the
soil.

These requirenmients bave not yeu beer met
te any stgnificant extent.  Table 4 shows the
formulation and methods of application of chemi-
cals for which registration has been sought over

the past 12 years as herbicides for vegeiable crops.

The Table indicates that establistied trandz are still
being followed. Many of the chemicals are for
application on carrots, onions and cabbage, vege-
tables for which chemical vreed control has already
become commoi, Recent developments in herbi-
cides tena to concentrate on new formulations and
application ni:thods. A new trend is the systematic
application of herbicides, which are applied
conjunction with other chemicals at specific crop
growth stages.  Two new formulations have
appeared recently, micro-granules and  {lowable
forms. Micro-granuie  formulations have two
advantages, they save labar and make herbicide
treatments more uniform and stable.  Flowable
formulations make it possible to use as herbicides
some chemicals which are difficuli o dissolve in
either water or organic solvents.

At present, paraquat 1s commonly used as a
postemergence and contact foliage agent, but we
can expect to see the development of herbicides

which are saler to both crops and human beings.

Favie 4 Number and use of chemicals for which testing for registration has been applied in the past

12 years in Japan

Vegetable 197476 197779 1980--82 1983--85
Omion 52 43 56 59
ASparagus 10 3 6 14
Japanese radish 6 8 7 9
Carrnt 19 14 27 30
Watermelon 13 9 5 12
Tomato 8 7 5 13
Chinese cabbage 12 6 7 15
Cabbage 35 13 29 19
Formulation®  £C 72 49 79 95

AS 18 12 23 32
G 41 12 25 24
WP 103 74 56 25
MG 0 2 5 22
WSC 6 17 15 18
I 0 0 1 24
Systematic JDD“\'.J[I()HD/ 0 9 30 43

LG emulsitioble concentrate AS:aquatic solution

WS watersoluble concentrate F: flowable
b/
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G granules

WP wettible powder MG micro-granules

£ Application method involves combination with other chemicals at a specific growth stage of weed and crop
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A.

DISCUSSION

(W.N. Chang)
What are the advantages of the flowable forms and micro-granule forms of herbicides?

Micro-granules have the advantage of very siable and uniform activity, and are time saving with hand
spreading application. Flowable formulations are used for chemicals which are difficult to dissolve in
water or organic solvents. Many of these have not previously been used as herbicides.

(W.N. Chang)
Can you give any example of the biological control of weeds?

Some researchers are thinking of using insec*s for weed control, but no practical example can be given
as yet.

(T. Tonguthaisri)
You were discussing ‘Japaneseradish’. Was this Rhapanus sarivus longipinatus? Is there any difference

between Chinese radish and Japanese radish?

Yes, I was referring to that species. There is no difference between them, only in the terms used by
different scientists.
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BOLTING IN RADISH

Lee Soo-Scong
Rural Devaiopment Administration
Horticultural Kxperiment Station
Suweon, Korea

INTRODUCTION

Demand for out-of-scason  vegetables in
Korea has led to the development of a late bolting
radish variety with a big. round root which is
hard and crisp in texture, as preferred by Forean
people.  Radish is one of the most important
vegetables in Korea, but Korean varieties are
sensitive 1o low temperates, and bolt before
reaching maturity i they are gqrown o the off
3easol. The Japanese oiltivar Tokinashi  has
a late flowering trait, but i slender. soft root
s not o Korean tastes.  In the late sixties, a
hybrid variety of ‘I'okinashi crossed to a Korean
variety  was released, and  successfully  adopted
in winter cropping.  Howuever, the root texture
remained a little too soft.

There are several cultivars in Korea suited
to fall cropping with better texture characteristics
than the new hybrid.  Farmers tried these better
textured  cultivars in sumumer cropping, since
it was expected that the high summer tempera-
tures  would suppress  flower bud initiation.
However, these fall rvadishes grown in suinmer
often bolted prior to full maturity”. Thus, Korean
horuculturalists  realisted that the phytiology
of flower bud differentiation in radish was
Inadequately understood.  This papoer reviews
the research carried out by Korean horticul-

turalists on the subject.

ENDOGENOUS CHANGE IN
THE SEED

Until the carly 1970s, low temperature
was the only factor recognised as influencing
flower bud differentiation in radish. In 1976,

Yoo and Uemoto’ revealed that radish flower
buds could differentiate in plants qrown from
nonvernalized  seed, The radish sceds were
harvested in June and stored for up to two years
at 257C o avoid vernalization.  The sceds were
sown monthly, commencing from the first month
of storage, under two treatments. In both
treatinents the plants were grown in controlled
conditions at 25 C under 24 hour iilumination,
but in one of the weatments the seeds after
germination were subjected to a low © nperature
of 5°C for ten days.  The radish plants of this
vernalized  group  consistantly flowered  within
20 days of sowing throughout the trial, wherecas
days to flowering in the nonvernalized treatment
varied in an annual pattern dependent on the
sowing time after initial storage of the seeds
(Fig. 1).
seeds stored for seven to eleven months and
stored for 19 10 23 months, plants flowered

In the treatment using nonvernalized

within 30 days of sowing, whercas plants of
those stored for two to five months and for 14
w0 17 months had delayed flowering of up to
60 days. These results indicated that in the radish
there is an endogenous annual rhythm which
contiols flowering; this annual rhythm can be

changed by vernalization of the seedling.

EFFECT OF DAY LENGTH AND
LIGHT INTENSITY

It is known that lony day length promotes
flower stalk development in radish plants which
have already initiated bud differentiation. In
1977, Yoo showed that long day length could
also induce flower bud differentiation in non-
vernalized radish®. Seeds of three radish cultivars,
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e . Non-vernalized  Vernalized

Comet, .osaeng Lasibil and Backsu-gungjung, weie
stored after harvest in June at 25°C. The secus
were planted in May of the following year in
nonvernalized and vernalized (5°C for ten days
after germination) treatments, and further split
into three day length weatments of 24, 20 and
16 hours iliumination.  Within each day length
treatment, the number of days 1o flowering
was educed by vernalization. However, in
plants  from  nonvernalized seed, the number
of days to flowering was affected by day length.
In the Comet variety, plants of nonvernalized
seed flowered within, 25, 30 and 4% days after
sowing in the 24, 20 and 1€ aour illumination
treatments, rospectively. For the other two
varieties, plants of nonvernalized seed flowered
within 40 days after sowing in the 20 and
24 hour illumination treatments. but not until
after 60 days in the 16 hour illumination
treatment (Fig. 2).  The results show that loiry
day length without vernalization is sufficient to
induce flowering in these radish varietics, and
that the longer the day length the faster their
bud differentiation.

¥ No flower 60 days after sowing

In further experiments on the same three
radish varieties, the effect of light intensity on
bud ditferentiation was also studied. Using
nonvernalized seeds in all treatmen.s, the plants
were grown under constant illumination at 25°C,
While the variety Comet proved insensitive to
light intensity. the number of days 1o flowering
was  significantly  less  in high light intensity

treatments for the other wwo cultivars (Fiy, 3).

EFFECT OF SEED STORAGE
ON BOLTING

It is part of rural folklore in Korea that
old radish sceds should not be planted, because
their plants will bolt before they mature properly.

Studies  were  undertaken on the effect
of length and conditions of storage on bolting
in radish? «® M I0HE g oF variety Jinju-
dacpyeuny, which had been stored ecither in a
dessicator with calcium  chiloride (CaCl, .2H,0)
or under room conditions ‘nr one and two years,
were sown together with ficsh sced on June 25th.
Plants of seeds stored for longer periods of time,
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and especially seeds stored under room conditions, content at sowing varied according to the relative

tended to bolt more readily (Table 1). This humidity in storage, being about 4.5% moisture
indicates that either the ambient temperature in seed stored in the desiccator at 24% RH
or the relative humidity in seed storage had a (Relative  Humidity), and  about 8%  moisture
greater effecet on bolting in older seeds  To in seeds stored av 66% RH and under room condi-
determine the separate influence of temperature tions (Table 2). Bolting in plauts yrown from seed
and relative humidity, sceds of the same cultivar with a higher moisture content occurred carlier
were tested inoa similar experiment. Seeds than in plants grown fromi seed with a lower
stored at two different relatve humidities and moisture  content. The relative humidity in
at wwo temperatures, and also inoa deswecaton storage was more sienificant than temperature,
and under reoom conditions  al ambient tem but the highest incidence of early bolting was
peratures as o control, were stored for two years found in plants grown frem seed stored at o
and then sown on July 6th. The seed moisture high relative humidity but at & low temperature.

Table 1 Percentage of the bolted plants of radish as influenced by conditions

and period of seed storage?

Storage Storage period (year)
condition 0 ] 5 LSD.05
1st trial Desiccator 5.5 6.4 11.2 NS
Room condition 5.5 30.3 40.0 5.3
2nd trial Rocm condition 5.9 17.7 34.9 12.0
5.7

Mean

18.1 28.7

22 Culuvar: Jinju-daepycuny
Sowing: June 25
Observation: 60th day from sowing

Table 2. Moisture content and boiting rate of radish seeds as influenced by temperature
and relativ. humidity in storage?

Seed moisture
RH (¢ ermnp. (CC % bolli
(%) Temp. (°€) content (%) ° borting

24 4 4.5Y 5.9

25 4.2 8.4

66 4 8.0 52.3

25 8.9 33.3

Desiccator Room 4.7 11.2
Room Room 7.6 40.0
LSD .05 15.0

71 Cultivar: Jinju-dacpyeung
Storage: 2 years
Date of Sowinyg: July 6
Observation: 60th day from sowing

¥y Moisture content of the seed betore storage was 7.1%

.63 .



To find out the limiting relative humidity
In storage that could suppress bolting, seceds of
the same cultivar viere stored in a range of refative
humidities at 4°C and 10°C for one yea. and

planted on July 3rd. Sced moisture content

No. days
gA ¢ New seeds
60 - /
I"O fmn -
’ o] e
40 - ””m : Room conditions
27.0
g 14.7
10 - <
5.
New
seed

increased with relative in
(Fig. 4).

the

humidity storage
A\ linear regression was shown between
relative humidity of seed storage, seed
moisture content and the incidence of early

bolting (Table 3).

57.5

Room
conditions

Rei(ua) of storage

Fig. 4 Percentage of the bolled plants of radish as influenced by temperature and humidity

of seed storage’
Zz: Cultivar: Jinju-daepyeung
Storage period:

Sowing Date:

I year
Juby 3

Observation: 30 th day fiom SOWinNg

y: Moisture content(%) of the seed after storage

Table 3 Estimated value of linea regression

Variahle

Independent

Dependent

RH SM
RH BR
Sm BR

Storage
temp. (OC)

and its significance between storage

humidity (RH), seed moisture content (SM} and bolting rate (BR) in radish?

Y t-value

10

10

10

2,60 +0.078X 4.11*
1.79 + 0.098X 11.81#**

—2.04 + 0,80X 3.88*
—15.87 + 1.09X 7.47**
—28.82 +10.21X 10.75**
5.97**

—33.49 + 10.92X

2: Cultivar: Hnju-dacpycung
Storage period: 2 years
Date of Sowing: July 3
Observation: 30th day from sowing
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SOWING TIME AND BOLTING

Reports on
old radish seeds sown in August for the fall crop
had concluded that had litde
on the tendency of the plants to bolt.

seed aqe effect
To clarify
this, radish seeds stored for long periods under
the vartous conditions of the previous experiment
were planted at 10 to 15 day intervals between
June 25Lh and Auqust sth

5 Results showed that
the seeds stored for a long period and sown

the bolting characteristics of

Table 4
Storage N

condition |
June 25 July 6
47C, 249% RH 2.0 30.5
A°C, 66% RH 18.5 62.4
Room condition 8.1 37.4
Noew seeds 0.0 4.5
Mean 7.2 33.7
1.5D .05 11.4 11.9

2o Cultivar: linju-dacpycung
Storage: 1 yem
Observatton: 45 th day from sowing

OLD SEED SENSITIVITY TO
TEMPERATURE AND LIGHT

Low Temperature Treatment of Old Seed

Kevearch was carried out on the effect
of vernalization on the bolting characteristics
of radish olants grown from old seeds. Secds

stored one and two years in a dessicator were
tested in three low temperature treatments for
five days after germinadon. /A further control
group had no temperature treaument.  All seeas
were sown 1n the field on July 6th. The incidence
of bolting in plants grown from nonvernalized
seeds was low comparerd 1o that found when seeds
had been

treatments (Table 5).

subjected to the low

The highest incidence of

temperature

around July 6th had the greatest tendency to
bolt, while those sown around June 25”1, July
20th and August 5 showed a lower, and very
to bolt (Table 4). Unfor-

Is not yet clear why the bolting

tendency
it

similar,

tunately,
rate is so much affected by the time at which
the seeds are sown. It may be because of the
length of the annual endogenous chythm, and/or
the amount of irradiaticn and the temperature

during growth.

Percentage of the bolted plants of radish as influenced by sowing time?

Sowing tinie

July 20 Aug. b Mean
3.4 0.0 9.0
13.4 14.0 27.1
3.9 15.5 16.2
0.0 0.0 1.1

2 7.4

6.6 7.0

bolting was in plants grown from seed treated
at 10°C.
sensitive to vernalization at 15°C, a temperature

Suprisingly, the old sceds tested were

generally considered inefiective for vernalization
of radish seed.
on Plants

Effect of Long Day Length

Grown from Old Seed

Radish plants grown from old seed stored

under three conditions of relative humidity
and from new seed, were potted .nd grown under
continuous ill- mination of 5,500 lux to study
the effect of long day length on old seed. Plants
from seed stored in conditions of high humidity
were more sensitive to long day length, and

had a higher bolting rate (Table 6).



Table 5 Percentage of bolted plants of radish as influenced by low temperature
treatment for 5 days at the emergence stage of stored seeds?

Storage period

Temp. {"C) ticated

(years) 4 10 15 None Mean LSD .05
0 10.2 57.7 7.8 4.5 30.2
1 26.7 93.1 39.4 7.1 51.9
2 74.7 87.0 85.4 8.4 74.9
Mean 37.2 793 44.2 6.7 — 11.46
LSD .05 14.1

21 Cultivar: Jinju-dacpycung
Storage: indestecator
Date of Sowing: July 6
Observation: 45t day after sowing

Table 6 Percentage of bolted plants, and coefficient of variation of mean days to bolting (CV),
of radish grown under continuous illumination after one year seed ;toragez

% bolting

Mean no. days

Conditions al 1510 dav to bolting CV (%)
4°C, 24% R 31 17.3 16.60
4°C, 66% RH 55 16.2 10.97
Room conditions 17.3 22.18
New secds 16 18.1 24.40

z: Cultvar: Jmpu-daepyeung
Hlumination: §.500 LUx
Temperatare: 25°C

EFFECT OF SUBZERO
TEMPERATURE STORAGE

A study was carried out of two radish culti-
vars, Jinjudaepyeung and Mujinjarq, to investigate
the effect on bolting of storing radish seed at
subzero tempratures. Old seeds stored for two
yeals at - 10°C and 30% RH and also under
room conditicns, were tested. Two treatments
were compared, one of seed vernalized upon
emergence and the other of nonvernalized seed,
Seeds were sown on July 5th, with new seed

as a control. The cultivar Jinjudaepycung had
a higher boiting rate than Mujinjang in both
the vernalized and nonvernalized plots.  The
incidence of bolting in the plants grown from
seed stored at --10°C and 30% RH and not
vernalized at much the same
as the incidence of bolting for the new seed
The incidence of bolting in

emergence  was

in both cultivars.

plants of seed vernalized at emergence was
significantly higher in the plants of stored seed
than in those of new seed for bo'% cultivars. The

results indicate that storage of seed in subzero

- 66 -



temperatures does not prevent bolting in radish.

VERNALIZATION DURING
SEED RIPENING

Shinohara® has reported on the effect of
low temperature vernalization during the ripening
period of radish sced.  In Korea, most radishes

used for seed production blcom when the
temperature is below 12 C, with the result that
all seed is vernalized to some extent during carly
development and  sced-set. Han' conducted
experiments to clarify this hypothesis.

The radish cultivar  Jinju-daepyeung was
grown m a plastic house where the minimum
207°C.

Self pollination on fonr different groups was

temperature was  maintained  above

" 20th
" 30th

No treatment

M- - won
501
40}
g 30+
:
= 204
of =

done at ten day intervals, from March 15th until
April 14th. Ten days after the final pollination,
on April 2«.h, the four groupe of plants then
bearing sced were divided into seven groups and
treated with night temperatures of 5, 10 and
15°C for five or ten days. One of the seven

plots did not reccive a low temperature

treatment.  Seeds of all groups were harvested
on maturity and sown in the field on July 19th.
The incidence of bolting was recorded on the
60th day after sowing.

The inciderce of belting was 14.8% in the
control group (Fig. 5). In the low temperature
treatments of 5°C and 15°C, the incidence of
bolting was not significantly different to that
of the control, regaidless of the stage of seed

development at treatment.  However, in the

Fiom J0th day after poltination

"

Tireated temperature (C)

Fig. 5 Percentage of bolted plants grown from seed given lovs night temperature treatments

for 10 days during different ripening periods, (Han, 1986)l

Cultivar: Jinju-daepyeuny

z: The same letter with cach temperature means no significant difference at 5%

tevel of i2SD
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10°C treatments, the incidence of bolting was
significantly higher in plants grown from seeds
treated with a 10°C night temperature from the
30th and 40th day after pellination. Thus the
effective  vernalization temperatire for radish
during the development of the seed is around
10°C, rather than 5°C, and is effective only
when it occurs at least 30 days afier pollination,

A further  experiment was  carried  out
with two different cultivars, with the wm of
confirrning this result and 1o find out the
effect of additional low temperature treatment
te imbibed seeds which had been exposed o
low night temperatures during their ripening
perind.  Low night temperature treatment was
given for five days 1o different groups, at 10,

‘ : Treatment during the

Jinju-daepyeung
50 |~
40
o 30 |-
£
°
o 20+
10
b b
10 20 30 40

20, 30, «nd 40 days after pollination.  During
seed germination, half the seeds from each group
were  given  an  additional low temperature
treatment of 5°C for three days. The incidence
of bolting was recorded at the 60th day after
sowing. Results  contirmed  that  the low
temperature  treatment  was  effective for the
vernalization  of developing radish  seeds only
when it was applied at least 30 days after
pollination. The additional low temperature
deatment  during  germination  increased  the
mcidence  of  bolting equally i every plot
(Fig. 6). 1t wouid seem that both low temperature
treatments  were  effective and  their  effect
cumulative, provided that treatment took place

at least 30 days after pollination.

ripening of seeds

Additional treatment to imbibed seeds

Chungsu-gungjung

10 20 30 40

Starting day of treatment after pollination

Fig. 6 Percentage of the holted plants as influenced by low night temperature
(lOOC, 5 days) during different ripering stage of seeds and additional low
temperature treatments (f')o('.‘, 3 days) fo the imbibed sceds of 2 cultivars

of radish (Ian, 1986)"

z: The same letter in each cullivar means no significant difference

at 5% level of LS
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DISCUSSION

(R.T. Opernia)
Do the three radish varicties used in your experiments on bolting share similar genetic backgrounds?
They would need to be fairly diverse to make appropriate generalizations using your results.

All of them were 1l cropping cultivars.  We did also try the spring cropping varieties, which are
quite different to the fall cropping varieties in the sense that they are late bolting varieties. The
spring varieties also had seme potential for changing their bolting property during the storage period,

but the change was slight.

(R.L. Villareal)
~ou have clearly demonstrated the role of seed moisture content on the tendency of radish to bolt.
Have you conducted rxperiments 1o demonstrate the respective bolting tendencies of old and new

seeds with the same moisture content?
We did not measure the moisture content of the new seeds, but would assurmne it to be about 7 - 8%.

(W.N. Chany)

You mention three varieties, Comet, Josaeng-sasibil and Baeksu-gungjung. The variety Comet is
not very sensitive to vernalization it behaves the same whether given cold treatment or not - but
is quite sensitive to photoperiod. s this variety, Comet, of the same genetic background us the

other two varieties”

The experiments on photosensitivity and vernalization sensitivity were carried out by Dr. Yoo of
the Unmversity of Korea. Only the experiments on old and new sceds were carried out at the
Horticultural Experiment Station. [ think the Comet variety is sensitive to vernalization but

not to light intensity. We did not use the Comet variety in our own research.

(B. Khatikan)
What is the receptive periad for verralization in treating radish seed to postpone bolting?

Usually radish sceds are given a low temperature treatment after germination, that is after

imbitition, o induce tlowering. However, radish is a crop which is vernalized by low temperatures

at any staye of sced development.
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VERTICULTURE IN VEGETABLE PRODUCTION

T. C. Juang
Research Institute of Soil Science
National Chung Hsing University
Taichung, Taiwan, ROC

ABSTRACT

Verticutture research has identified  strawberey as the most suceessful crop for this type of
cultivation,  Chinese cabbage, pak choi, letiee, spinach and rape greens are also suitable crops for verti-
culture, while sovbeat and similar large canopy crops are less suitable. For suniner crops, net or mesh
tvpe pollularors were better than plastic pipe pollutarors, while the insulative effect of the plastic pipe
polludaror swas an advaniage for some winger crops. Chinese cabbage yield was Letter with basal application
ol slow release fertidizer mixed in the growth medivm and hand irrigation, hut for maost crops fertilizer
application via drip irvigarion was besto 4 growde mediung mix e (hy weight) of sandy loam, rice Il
and vermiculite in the ratio 1012 was opiimal for growih,

(Chinese Abstract) A %

A T LS TR OB LA U RN IO NN € I GRS ERNE i QO Gt I A LI i
R O IR VI G A (I T S N M LV A i"ﬁ. o D FoboA s Pty IR ) (pollulator) 1
N LI U UL O A (RS LI RS IR AN I PRI S S (A VBN OB P A &
SR L T EON US RO B (1 ITIY | 1)) S A 1’{ N A R U DR BV AT L] i A E =
O 0T A T VR S/ A S N (O (D RPN (1 B (A 100 | KL IRl (B I N
(Japanese Absiract) 11 b

AR R A O B A ey e B Y kL ) L
AR A SR R Ca LT (R PP O N L 1 LSRN S TSR RN D O ( 7R SR L ¥ % <
R A ISR O | W) RPN EVAND/ I GIRT Uk B 20/ MF A/ NN AR A FRNPL o & L/ G T
T AR A E o e

e O e LI 10 T S T 1N = Ta A 2T TH S

(Korean Abstract) ;_",'i -

clmmvien Yy daHel dge wlche Ao B0 A% 23
soleh, e wa, va, &2, A3 D s ae gl R Sre
°leh. 2 #Y e 9l oj & S A4 248 ( jarpe canopy  crops) €

Ao ok Bow g dgeid waty uge 3ohes Oy K

whehs 3wt iz 3p taet, sty @50 AN Aot
sz o g wdgo) golthoie, Was rougeely Navie hand
irrigation ° % opojo vf Wy g o g Ago Avlg drip
ferigation ° THZ Fh sdmore A3gs, s X 2lds
10:17:2 2 &3vgs 2, A°d=h

i
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VERTICULTURE IN VEGETABLE PRODUCTION

T. C. Juang
Rescarch Institute of Soil Science
National Chung Hsing University
‘Taichung, Taiwan, ROC

INTRODUCTION

A feasibility study on verticulture, con-
ducted by the Battle Pacific Northwest Labcra-
tories and the Department of Soil  Science,
National Chung Hsit g University, demonstrated
its potential for vegrtable cuitivation on vertical
or sloping surfaces provided proper light, water
and nutrients are supplied. The orginal pollulator
system used in verticulture, however was expen-
sive, due 1o the high initial cost of vermiculite
used in the growth media and the high labor
requirements.  The improvement of verticuliure
cechniques by modifying the type of growth
medium, structure of the pollulator, the nutrient
supply system and patterns of Crop rnanagement,
may develop an economical verticulture system
which could be used by individual families and
thus extend the use of Taiwan's limited land
resources,

The objective of thiy study was to investigate
verticulture in pollulators, and the yield of various
crops as affected by
1. The seasonal temperature variation of the

medium when different pollulators are used,
2. The effect of various growth medium,
3. The effec. of the nutrient supply system,
4. The effect of the Irrigation system,
5. The nutrient status of crops grown hy
verticulture techniques.

MATERIALS AND METHODS

Vertical pollulators were hung in an open
field. The pollulators, made of either PVC pipe,
steel mesh or PE nylon net, were cylindrical,
90 cm tong and 16 cm diameter. Each had four

- 72 -

lines of planting holes spaced 12 cm apart (Figure

1),

Steel mesh pollulator

PVC poilutator

Fig. 1 Two types of pollutator used in the

experiments

Growth media were mixed by weight as

follows:

Media I 10:1:1: 0.5
soil, bagasse, rice hull and vermi-
culite

Media 11 10:1:1
soil, bagasse, rice huli

Media 111 10:1
soil: rice hull

Media IV 10: 1: 2

soil: rice hull: vermiculite
Bagasse was supplied by the Taichung Sugar Plant,
and the soil was sandy loam.



Sever vegetable crops, Chinese cabbage,
pak choi, soybean, letwuce, spirach, rape greens
and strawberry, were tested . Planting space was
24 cm apart for lettuee and soybean, and 12 em
apart for the other crops.

Two irrigation and nutrient supply systems
were tested, an automatic drip nrgation system
supplying water one to three umes per day,
with the nutrient solution acded rwice a week
(Table 1), and a hand iigated system with slow
release fertilizer mixed into the growth medium

prior to planting (Table 2).

Iable 1 Formula ol nutoient solution for dnp

diip rngation

Macronutrients

Concentra- Con:entra-

Cemponent tion, M Ccomponent tion, ppm

KH, PO, 0.0} Mn 0.25

KNG, 0,005 a8 0.25

Ca(NO,), 0.005 Zn 0.25

MqgSO 0.002 Cu 0.02
Mo 0.02
Fe 0.5

Table 2 Fertilizer used tor hand imigation system

Amount composition,
added — [,

a/pollutator N PO KL O MO

‘Maale? fertilizer” 33 /a0 6 12
Compound tectilicer 34 IB] H.59 a2
Ssuperphosphate 23 14

Sultur-coated urea 3L 24

A vomnercial shoawacivase tertdizer tor tlowers

Plant nutrient status  was monitored by
sampling at different growth stages.  The N, P
and K content were determined by Kjeldahl
distillation, spectrophotometer and flame photo-
meter, respectively . Available P and exchieageable
K in the growth media were determined by lray
Ii and the IN NH, OAc¢ extraction methods,

respectively.
RESULTS AND DISCUSSION
Temperature Vartation in the Pollulator
Tables % and 4 indicate seasonal temperature
variations in the pollulator media, and show that

temperatures reached as high as A5°C at 2-4 p.m.

in summer, 5°C above ambient air teuiplrsiures

Table 3 Temperature variation in growth mediim duning summer season

Pollulator Position

PVC upper
lower

Steel mesh uppet
lower

Nylon net upper
lower

Air te mperature

Soil temperatuwie

Water temperature

Femperatine C

10 a.m. 2 p.m, 4 p.m.
29.6 35.0 35.7
28.8 34.0 346
28.9 31.2 31.1
275 29.2 28.6
29.0 30.2 30.2
27.9 30.1 29.9
29.5 32.6 30.5
26.8 30.3 30.1
26.5 34.0 319

.73 .



(Table 3). Pollulator media winter temperatures

were also higher than ambient temperatures,
though to a lesser extent (Table 4},
Plant growth, root development and evapo-

transpiration rate are affected by growth medium

heat accumulated and could reach 36"C in
summer; however, the insulative effect of the
PVC material could be an advantage in winter.
Thus in choosing a suitable pollulator, seasonal

temperatures and optimal growth media tem-

temperature. Particularly in the PVC pollulutors, peratures for the crop need be considered.
Table 4 Temperature variation in growth medium over the winter season
Temperature °c
Poltulator Position -~ - . R e
8 a.m 10 a.m, 2p.m, 4 p.m,
pPVC upper 14.0 17.8 3 22.7
tower 15.2 17.2 .8 253
Steel mesh upper 13.7 16.8 21.4 20.5
lower 13.7 15.7 19.7 19.1
Nylon net upper 13.1 17.2 21.2 19.8
lower 13.8 15.0 19.5 19.1
Air temperature 13,5 19.3 21.4 19.1
Soil temperature 16.5 18.7 19.0 18.1
Water temperature 15.7 17.0 20.3 19.1

Physical and Che:nical Properties of Media

Under drip irrigation and fertilizer applica-

tions, nutrients tended to accumulate in the
upper part of the pollulator. With hand irrigation
and basal application of slow release fertilizers
in the media on the other hand, nutrient distribu-

tion was more even (Table 5). However, nutrient

Table b
+
NH,; "~ -
Position K

ppm
Drip irrigation lower

upper 27.1
Hand irrigation upper
lower

42.4

246.0
278.0

could be supplied more efficiently by requlated
drip irrigation applications than by the basal appli-
cation of slow release fertilizer (Table 6). Drip
irrigation applications allowed the timing and
quantity of fertilizer applications to be requlated
according to crop requirements, and minimized
loses due to leaching and volatilization.

Table 6 shows that evaporation was higher

Nutrient distribution in growth medium

N NO, N P K

ppm ppm ppm
262 141 7 37.2
125 70.0 28.4
543 138.0 30.0

566 168.3 47.3

.74 .



Table 6 Nutrient consumption and water evaporation rates

Nutrient const mption
g/poliulator

Water evapo ation
Kg/day/pollulator

N P, 05 K,0

Drip irrigation 9.97 2.60 10.39
Hand irrigation 13.56 20.14 13.2

PVC Steel mesh

Nylon net

0.86 1.39

1.09

from net and mesh type
the PVC pipe pollula.ors.
provided an area of only

pollulators than from
The PVC poliulator
500 em-” for evapora-

tion and aeration, while in net or mesh type
pollulators a total surface area of 5000 ¢’
was exposed o theair,

Preliminary  experiments  showed  that
Medium 1V (:0:1:2 soil, riee hull and vermiculite
by weight) v.as the best for all crops, regardless
of the type of hrigation or fertilizer application
used.) The minture was slightly acia, with a
elatively 'ow bulk density. Rice hull improves
aeration and water infiltration of the medium,
while better nutrient absorption and water holding
capacity are contributed by the vermiculite.
Vermiculite also decreased the bulk density of
the medium, thus reducing its compaction in
the polindator and  minimizing resistance to
root development. Koot evelopment was
generally better in Medium 1V. Media containing
bagasse were not sacceesful, as the bagasse tended
Thus, only Media

II1 and IV were used for final growth and vyield

to decompose and ferment.
tests.
Plant Growth and Yield

Plant growth and vyield test results are
shown in Tables 7-17. Overall, plart growth
was oetter in the upper part of the pollulator,
One possible the bulk

densities of the media were lower in the upper

explaination it that

part, thus benefiting root development. The

shading effect may also have limited the growth
Where drip
irrigation fertilizer applications were used, the

of plants in the lower pollulator.

accumulation of nutrients in the upper pollulator
also favored these plants (Table 5).
PVC pollulator
heat, raising media temperatures 5'C

accumulated
7"C above

Since the

ambient temperatures in summer, this may have
in"iibited root development due to high evapora-
ticn and water stress. On the other hand, the
insulation effect accelerated root growth in winter,
when media temnperatures were maintained at
3°C 4'C above ambient temperatures. The
net or mesh type pellulators allow dissipation
of heat and thus gave better yields in summer
than the PVC pollulator, but worse yields in
winter,

Individual Crop Results
Sovhean

Plant height and weight were higher in the
upper part of the pollulator than in the lower,
regardless of the irrigation system used (Table
7), but this difference was less significant with
net or mesh type pollulators. Plant dry weight
(Table 7), pod number, pod weight (Table 8)
and seed dry weight (Table 9) in the upper part
were 4-8 times higher than those in the lower
part. This indicates that large canopy crops
are unsuitable for verticulture. Soybean plant
growth was significantly higher under the drip
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Tabie 7 Growth of soybean plants under verliculture

Drip irrigation Hand irrigation
Pollutator Position —— ——— .. ... s s
g/poltulator g/plant Plant helght {(cmy) g/potiulator q/plant Plant helgnt (cm)

PVC upper 32715 40,9 79.2 123.3 15.4 47.7
middle 186.3 15.% 68.1 70.% 5.9 47.1

lower 42.5 5.3 54.6 17.3 2.2 38.5

Total 556.3 Ave, 20.6 Ave, 67.3 Total 211.1 Ave, 7.8 Ave, 44 .4

Steel mesh upper $23.3 65.4 69.5 138.0 17.3 48.4
middle 167.0 13.9 63.4 97.3 8.2 53.9

lower 51.3 6.4 60.9 73.3 9.2 58.4

Total 7416 Ave, 28.6 Ave, 64.6 Total 208.6 Ave., 11.6 Ave, 53.6

Nvion net upper 423.8 53.0 67.5 83.5 1C.5 52.1
middie 219.5 20.0 46.7 88.0 7.4 52.1

lower 67.0 8.0 63.5 56.5 7.1 55.6

Total 710.3 Ave, 23,7 Ave, 59.2 Total 228.0 Ava, 8.3 Ave, 53.3

Table 8 Pod number and pod weight of soybean plants under verticulture

Orip irrigation

Pollulator Position Pod/poliulator Pod/ptant Pod weight
ful empty fuit emp.y g/pollutator g/plant
PVC upper 316 63 40 8 102.3 12.8
middle 203 59 17 5 87.1 7.3
lower a9 6 6 1 21.1 2.7
Total 568 128 Ave, 21 4.7 Total 210.5 Ave, 7.6
Steel mesh upper 388 104 49 13 167.1 20.9
middle 145 18 12 2 62.4 5.2
lower 87 a 11 0 ) 25.6 3.2
Total 620 126 Ave, 24 5 Total 255,1 Ave, 9.8
Nylon net upper 316 40 40 5 135.8 17.0
middle 162 10 14
lower 71 5 9 0 30.6 3.9
Total 549 55 Ave, 21 2 Total 240.1 Ave, 8.7




Pod/potititator

Table 8 Pod number and pod weight of soybean n

lants under verticulture (cont.)

Hand irrigation

Polulator Position Pod/plant Pod weight
fuh empty tul) emoty a/pollulator g9/plant
PVC upper 210 36 26 5 90.1 11.3
middie 121 12 10 1 52.0 4.3
lower 35 a4 5 0 15,0 1.9
Total 386 52 Ave, 13.7 2 Total 157.1 Ave 5.8
Stoel mesh upper 196 20 25 3 84.0 10.5
middle 149 13 1 64.1 5.4
lower 121 15 1 52,0 6.5
Total 466 35 Ave, 17,7 1.7 Total 200,1 Ave, 7.5
Nylon net upper 143 46 18 6 61.5 7.7
middie 148 30 12: 3 63.6 5.3
lower 97 5 12 1 a41.4 5.2
Total 388 8l Ave, 14 3.3 Total 166.5 Ave 6.1
Table 9 Soybean seed dry weight
Drip irrigation Hand irrigation
Pollulator Position B et I - B
g/poHulator a/plant 9/potiulator a/plant
PVC upper 80.5 105 66.9 8.4
iniddle 48,4 4.1 38.9 3.3
lower 15,0 1.9 8.8 1.1
Total 143.9 Ave, 5.4 Total 1146 Ave 4,2
Stesl mesh upper 119.8 15.0 66.0 8.3
middie 46.8 3.9 50.1 4,2
lower 16.8 2.1 43.2 5.4
Total 183.4 Ave, 7.0 Totat 159.2 ive, 6.0 -
Nyion net upper 795 9.9 38.8 4.9
middle 56.6 4.8 33.9 2.8
lower 21.3 2.7 28.2 3.5
Total 157.4 Ave 5.8 Total 100.9 Ave, 3.7
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irrigation system (Table 7), indicating that the
nutrients supplied were used more efficiently.

Chinese cabbage

Plant heicht and yield were higher in the
upper part of the pollulator under drip irrigation,
while there was no such difference with the
hand irigation and  basal fertilizer application

system (Table 10). Average plant height under

hand irrigation was about 3 cm higher, and yield
was thus also higher. This was at least partly
because the harvesting rate was 50% higher under
hand irrigation and the basal fertilizer application
system.  Generally, the Chinese cabbage yield
when net and mesh type pollulators were used
was higher than with the PVC pollulator. The
highest yield of Chinese cabbage on one pollulator

was 1400 g.

Table 10 Plant height and yield of Cninese cabbage under vertictiture

Orip irrigation

Pallulator Position g/polluiator g/plant ( )
cm

pvC upper 415.8 55,4 17.7
middie 235.5 26.9 11.6

lower -~ — 7.5

Total 651.3 Ave, 27.4 12.3

Steol mesh upper 370.8 47.8 15.3
middle 354.5 39.4 14.0

lower 68.3 27.3 9.9

Total 793.6 Ave, 38.2 13.1

Nylon net upper 437.5 62.9 14.9
middie 320.8 37.8 12.1

lower 148.8 29.8 1.2

Total 957.1 Ave, 43.5 12.7

Hand irrigation

Plant height Harvesting

Plant height Harvesting

a/poltulator g/plant
rate (%} /P / (cm) rate (%)
382.8 52.8 15.5
59.8 615.5 58,6 15.5 82.5
316.3 46.9 15.0
Totat 1314.6 Ave. 52.8 15.3
290.0 58.0 12.4
67.0 676.8 62.9 17.9 79.5
325.0 50.0 16.6
Total 1291.8 Ave, 57.0 156
372.0 59.5 14.1
76.6 667.8 59 4 16.3 85.7
158.8 55.2 16.5
Total 1398.6 Ave, 58.0 15,6

Pak Choi

This crop was planted after the harvest of
the Chinese cabbage. Like the Chinese cabbage,
plants in the upper part of the ocllulator grew
taller (Table 11), and yield was higher under the
hand irrigation and basal fertilizer application
system. The highest yield of pak choi from one

polluiator was 960 g.

Lettuce

Plant height showed no significant difference
between irrigation systems and pollulator types
(Table 12). The average height of 23 cm was
taller than in conventional field cultivation,
vecause of the incomplete heading of lettuces
grown in pollulators. Under drip irrigation, lettuce
yield was higher in the upper part of the
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Table 11

Drip lrrigation

Prant height Harvesting

Yield and plant height ot pak choi under verticulture

Hand irrigation

Piant height Harvesting

Pollulator Position gy/poliulator g/plant g/potiulator g/ptant
(cr) rate (9% {cm) rate (%)
PVvC upper 302.5 18.9 21.0 100 455 28.4 22.0 100
middle 112.5 6.8 13.7 64.8 380 16.9 16.0 93.8
fower 25.0 3.4 9.5 50.0 125 10.4 16.9 75.0
Total 440.0 Ave. 9./ 14.7 72.9 Total Y60  Ave. 18.6 18.3 89.6
Steel mesh upper 30c.0 18.8 22,0 100 300 20.0 19.3 93.8
middle 220.0 11.3 18.0 81.3 240 e, 15.2 81.3
lower 85.0 7.9 13.5 75.0 105 7.5 14.4 87.5
Totat 605.0 Ave, 12.7 18.1 85.4 Total 645 Ave. 13.3 16.3 87.5
Nylon net  uppel 395.0 24.7 20.6 100 3K7.5 25.0 20.4 96.9
miadle 312.5 13.0 17.8 100 350.0 16.7 20.5 87.5
lower 112.5 8.3 102 0 84.4 175.0 13.0 15.8 84,4
Total 820.0 Ave. 15.3 18.1 94.8 Total 912.5 Ave. 18,2 18.9 89.6
Table 12 Yield and plant height of lettuce under verticulture
Drip irrigation Hand irrigation
Plant height Harviesting Plant height Harvesting
P Posi ! ! Itator  g/plant
ollulator Position g/poltutator  g/plant (crn) rate (%) a/po a/p (em) rate (%)
pvC upper 1015 122.4 27.7 564 70.5 22.0
lower 149 41.4 13.5 75.0 425 56.8 24.3 97.0
Totat 1164 Ave, 81,9 23.1 Total 989 Ave., 63.6 23.2
Steel mesh  upper 957 141.9 27.9 489 61.2 18.0
lower 283 46.8 17.4 77.0 458 65.4 26.4 94.0
Total 1240 Ave, 93.8 22.6 Total 947 Ave. 63.3 22.2
Nytlon net upper 840 106 26.6 479 64.0 25.2
lower 276 45,9 18.2 88.u 383 54,7 28.1 91.0
Total 21116 Ave, 75.5 22.4 Total 862 Ave. 59.4 26.6
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pollulators, but there was no stgnificant difference
between the upper and lower part of the pollulator
with hand irrigation and basal fertilizer application.
Drip irrigation gave a higher total yield (1100 to
1240 g per pollulator) than hand irrigation (average
940 g per pollulator). Althcugh the harvesting
rate was lower under the drip irrigation system
{Table 12), average plant weight (84 g) was higher
than under hand irrigation (62 g per plant). The

highest lettuce yield and average plant weight
were obtained using steel mesh pollulators. Using
hand irrigation, Medium IV gave betrer yrowth than
Medium 1 (‘Table 13). The better performance of
lettuce in this medium can be attributed to the high
water and nutrient holding capacity of the vermicu-
lite in this medium. However, any cconomic benefit
may be climinated by the high initial cost of the

vermicutlite,

Table 13 Lettuce yie!d grown in different growth media urder verticulture

Media 11t Media v
i Harvesting Harvesting
Pollutator Position g/poliulator a/plant g/pothtiator g/plant
rate (%) rate (%)
PVvC upper 250 62.5 50 620 77.5 100
lower 30 4.3 87.5 124 22.5 68.8
Total 280 Ave, 334 68,7 Toial 744 Ave, 50.0 84.4
Steel mesh upper 435 54.4 100 605 75.6 100
lower 217 27.1 100 372 46.6 100
Total 652 Ave, 40,7 100 Total 977 Ave, 61.1 100
Nyion net upper 413 B82.5 62.5 562 70.3 100
lower 210 26,3 50 400 50 100
Total 623 Ave, 544 56.3 Total 962 Ave, 60.2 100
Rape greens mesh pollulator with hand irrigation.  Under

Yield under drip irrigation, (average 933 g
per pollulator) was marginally higher than under
the hand irigation system, (912 g¢) but the
difference was not statistically significant (Table
14). The highest yields were obtained on a PVC
pollulator with drip irrigation, and on a steel

drip irrigation, yields were higher in the under
part of the pollulator, mainly because of the
uneven  disuibution  of nutrients and the
shading effect. There was no significant difference
between upper and lower pollulator under the
hand irrigation and basal fertilizer application

system.
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Tale 14  Yield of rape greens under ver ticulture

Drip irrigation

Hand irrigation

Pollulator Position  —-—- - S —— e
g/poliulator q,plant g/poliulator g/plant
PVC upper 605 75.6 368 46.0
middle 420 35.0 283 23.3
lower 145 18.1 300 37.5
Total 1170 Ave, 429 Total 951 Ave, 35.5
Steel mesh upper 473 59.1 200 25.0
middle 280 23.3 420 35.0
lower 145 18.1 398 49.8
Total 898 Ave, 33.5 Total 1018 Ave 36.6
Nylon net upper 393 49.1 660 7.5
middle 373 31.1 380 31.7
lower 145 18.1 323 40.4
Total 9ll Ave 32.8 Total 766 Ave. 26.5
Spinach pollulators. Both spinach and rape greens are
small-leaf vegetables, and yieid and plant weight
Yields under hand rrication with basal for poth crops were higher in the upper
nitrogen application were about 17% higher part of the pollulator under drin irigation.
than under dvip irrigation (Table 15). The There was no  significant  ditference  under
highest yield per pollulator and individual plant hand irrigation and the basal application of
weight  were obtained on unyion net type nutrients.
Table 15 Yield of spinach under verticulture
Drip wigation Hand irrigation
Pollutator Position - e o : e e i el e
g/pollulator g/plant g/potiuiatos g/plant
PVC upper 188 23.5 203 254
middle 158 13.2 255 21.3
lower 113 14.1 132 16.5
Total 459 Ave 16.9 Totai 590 Ave 21.1
Steel mesh upper 180 22.5 155 194
middle 175 14.6 235 19.6
lower 105 13.1 198 24.8
Total 460 Ave, 16.7 Total 588 Ave, 21.3
Nyton net upper 235 29.4 170 21.3
middle 215 17.9 270 22,5
lower 115 14.4 170 21.3
Total 565 Ave, 20.6 Total 610 Ave, 21.7
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Strawberry

Of all the crops tested, this was most suited
to verticulture and gave the best
returt: (Tables 16 and 17). The Miyazaki variety
gave higher yield than the Aliso, the difference

economic

between themn being more pronounced under
hand irrigation.  When both varienes were growil
on PVC and steel mesh pollulators with drip
irrigation, the Also yave o higher fruit number
The

highest yields of both varicties were obtained

and thus a better yield than the Miyazaki,

on PVC pollulators under drip irvigation, and
on PE net pollulators under hand rrigation.
Strawherry yields on vertical poliulators  was
ten times higher per unit land area than con.
field and

returns were twice as hign i pite of the vijhe

ventional cultivation, 2CONOMmic

vosts. The primary reasuit for tie increased

vields s lecouse  the nutrient and  water

supply can e managed more efficiently under
verticulture. A\ lower rate of fruit decay and

a longer harvest period provide additional

advantages.

Plant nusrient analysis

The
Tables 18-20, indicated ‘hat plant growth was

results of plant analysis, shcwn in

closely related to plant nutrient content,
vich in turn was affected by the type of
jation system and pollulator used.

In one month old :oybean plants, the
Mo PO, and K, O content were all higher in
phloag hand irngation than 1n
those given drip irrigation; the P.C¢ Jevels
were 2.5 times higher (Table 18). Since under

hand irrigation, the rotal amoun: of fertilizer

grown under

was added to the growth medium before planting,
while only 4 smal! fraction of the ‘otal plant
nviieats were added at each application nnder
drip irrigation, we might expect a relatively
high nutrient content in the plant at the early

growth stages under a hand irrigation system.

Table 16 Yield of strawberiy (Aliso variety)

Pollulator Position a/poltulator ‘
poilntator
PvC upper 920 96
lower 675 66
Ave. 798 81
Total 1595 162
Steel mesh upper 654 63
lower 530530 48
Ave. 592 56
Total 1184 111
Nylon net upper 717 60
lower 484 34
Ave. 600 47
Total 1201 94

Drip irrigation

No _ fruit/

Hand irrigation

) No. fruit/ .
g/fruit g/poliulator g/fruit
pollulator
9.6 553 45 12.3
10.2 390 28 13.9
9.9 472 36 13.1
943 73
10.4 795 62 12.8
11.1 250 46 54
10.6 523 49 10.7
1045 108
12.0 636 49 13.0
14.3 619 54 11.5
12.8 628 52 12.1
1255 103
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Table 17 Yield of strawbeiry (Miyazaki variety)

Drip irtiaation

No. fruit/

No. fruit/

Hand irrigation

Poltulator Position g/ Jlulator g/fruit g/pollulator g/lruit
poilulator poliulator
PVC upper 1035 107 9.7 1273 139 9.2
lower 601 64 9.4 420 34 12.4
Ave, 818 86 9.5 847 87 9.7
Total 1636 171 1693 173
Steel mesh upper 914 104 8.8 932 92 10.1
lower ¢98 84 8.3 696 80 8.7
Ave, 806 94 8.6 814 86 9.5
Total 1612 188 1628 172
Nylon net upper 851 106 8.0 1112 130 8.6
lower 668 84 8.0 894 114 7.8
Ave, 760 95 8.0 1003 122 8.2
Total 1519 190 2006 244
Table 18 Nutrient content of one-month old soybean plants
Drip irrigation Hand irrigation
Pollulator Position e e
N, % P,0Os, % K> 0, % N, % P,Os, % K20, %
PVvC upper 3.08 0.33 0.77 4.19 0.81 1.43
middie 2.87 0.45 1.27 4.15 1.05 1.23
lower 3.24 0.50 0.76 3.99 1.27 0.94
Ave, 3.06 0.36 0.93 4.11 1.04 1.20
Steel mesh upper 3.57 0.44 1.01 3.04 0.69 1.72
middle 3.29 0.40 0.89 3.77 0.96 1.62
lower 3.22 0.32 1.93 3.39 0.69 1.75
Ave, 3.36 0.39 1.61 3.40 0.78 1.66
Nylon net upper 3.55 0.53 1.82 3.72 0.82 2.73
middle 3.75 0.32 0.79 442 1.40 1.33
lower 5.42 0.27 1.44 3.57 0.86 1.17
Ave, 3.57 0.37 1.35 3.94 1.03 1.74
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Table 19 Nutrient content of harvested pak choi

Drip irrigation

Hand irrigation

Pollulator Position  ——eme - Bl E e G —
N, % P,0Os5,% KO, % N, % P05, % K,0, %
PVC upper 3.35 6.72 5.54 2.24 7.84 5.48
middle 261 5.93 6.44 1.95 7.09 5.36
lower 2.54 6.36 6.99 2.06 7.52 6.56
Ave, 2.83 6.44 6.32 2.08 7.48 5.80
Steel mesh upper 2.13 5.41 5.78 2.13 10.78 5.12
middie 2.09 6.729 6.56 2.06 9.84 5.54
lower 2.07 5.83 5.90 2.07 8.05 5.18
Ave, 2.10 6.57 6.08 2.08 9.56 5.28
Nylon net upper 1.98 6.97 6.56 2.14 8.26 6.75
middie 2.74 7.03 7.10 2.15 9.90 7.57
lower 2.15 7.25 7.59 2.26 7.77 6.32
Ave 2.29 7.42 7.08 2.18 8.64 6.84
Table 20 Nutrient content of harvested lettuce
Drip irrigation Hand irrigation
Pollulator Position - L —
N, % P05, % K, 0, % N, % P,Os, % K,0, %
PVC upper 1.59 5.92 6.44 1.49 5.93 .686
lower 1.73 6.80 6.56 2.18 8.16 7.22
Ave, 1.66 6.36 6.50 1.84 7.05 7.04
Steel mesh upper 1.46 5.27 G.58 1.43 5.92 5.12
lower 1.63 6.25 7.04 1.86 6.46 5.60
Ave, 1.55 5.76 7.01 1.65 6.20 5.36
Nylon net upper 1.25 4,77 6.50 1.73 6.14 5.30
lower 1.96 5.34 7.65 2.01 6.86 5.18
Ave. 1.61 5.06 7.08 1.87 6.50 5.24
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Conversely, the N and K, O content of har-
vested pak choi were higher under drip irrigation
than under hand irrigation (Table 19), even
though ~abbage yiclds were higher under hand
irrigation (Table 10). The lower nutrient content
of plants which gave a higher crop yield may
have been due to the tissue dilution effect. The
same cffect was scen with lettuce, which had a
higrer yield and a lower N and P,0; content
under drip nirigation (Table 20).

CONCLUSION

Crops with a short growth period of 2-3
months, such as Chinese cabbage, pak choi,
lettuce, and rape greens, had relatively
higher vyields per unit area whan grown in
pollulators  than under conventivnal culiiva-

tion methods.  Soybeans, although :he crop

grew well in pollulators, are a less economic
crop for verticulture because of their large canopy
and long growth period. Strawberry was the

most suitable of all crops tested.
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DISCUSSION

Q. (H.Imai)

When tomatoes are grown under verticulture, what support is needed for the plants?

A. 3Support is a problem for bigger and heav.r plants such as tomato, and the structures needed can

be very costly. They tend to need supg- i from stakes, so that there is no space advantage to be

gained from using verticulture, as lower planis are retarded.

Q. (H. Imai)

Is the media used repeatedly? Do you ge problems ot pathogens in the media with repeated use?

A. We have been using the same media two or three *imes, and then removing the root material and

using the media yet again Certainly no problems have developed over two or three years. We

had problems only when we added bagasse to the medium.

Q. (C.Y. Yang)

Have you carried out a crop planting density st1dy, to determine how many pollulators can be

used on a given area for each crop type?

A. We have determined for strawberry that con the basis of actual planted area, the yield using
pollulators is double that from a conventional cultivation system. However, if allowance is made

for the t¢

area used in the conventional system, including the space between rows and for

access, then the yield obtained can be ren times higher from a pollulator system.
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Vegetables grown by verticulture
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Strawberry and ornamental flowers grown by verticulture

Strawberry

Ornamental Plants
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BREEDING FOR STRESS TOLERANCE UNDER TROPICAL CONDITIONS
IN TOMATO AND HEADING CHINESE CABBAGL

Romeo T. Opeiia, George C. Kuo and J.Y. Yoon
Crop Improvement Program
Asian Vegetable Research and Development Center
P.O. Box 12, Shanhua, Tainan, Taiwan, R.O.C.

ABSTRACT

Past research on adapting tomato and Chinese cahhage to hot, lnanid tropics is reviewed, Particular
emphasis is given to defining the constraings of growing these crops in the humid ropices, and the genetic
and physiological aspects underlving the major components for tiopical adapration,  Finally, breeding
strategies to develop improved tropical cultivars are discrissed.
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BREEDING FOR STRESS TOLERANCE UNDER TROPICAL CONIMTIONS
IN TOMATO AND HEADING CHINESE CABBAGE

Romeo T. Opena, George C. Kuo and J.Y. Yoon

Crop Improvement. Program
Asian Vegetable Research and Development Center
P.O. Box 12, Shanhua, Tainan, Taiwan, R.O.C.

N

INTRODUCTION

The alleviation of nutritional problems
in the wocld’s developing regions has often called
for the use of the classical ‘vegetable' solution,
because vegetables offer a cheap and rich source
of plant proteins, vitamins, and minerals'™+#% ™
Moreover, many vegetable species are good cash
crops, providing a source of livelihood for the
world's farming communities.

On the other hand, the expanded production
and consumption of many vegetables in the
hot, humid twropics are constrained by a variety
of environmental, economic, and sociological
factors. Vegetable consumption in the wvopics
is thus often lower than in the more developed
regions™. A concerted effor. to tackle these
complex factors is necessary™

In 1972, the Asian Vegetable Research
and Development Center (AVRDC) launched
an intensive research and developrnent program
on six principal vegetables.  This paper reviews
the research activitics on two of the six crops,
tomato and Chinese cabbage, with particular
emphasis on genetically adapting them to the
biotic and alnotic stresses limiting their pro-

ductivity in the hot, humid tropics.

Environmental Vagaries of the Humid Lowland

Tropics

The wopical region is defined as the geogra-
phical area between the Tropic of Cancer and
the Tropic of Capricorn.  Within this region,
the climate is so widely diverse that to make

an unambiguous deliaeation of lowland tropics

is difficult.  Several AVRDC researchers have
attempted to define the lowland twropics in

. . 52 5
to adapting various crops®® 8383

relation
Lowland tropics will be referred to in this paper
as the area with a minimum temperature of
not less than 20°C. or an average mean tem-
perature of 25°C or above.

High temperature 15 clearly one of the
factors hmiting vegetable production in the low-
land tropics.  Both tomato and heading Chinese
cabbage are cool, dry season vegetables. Favorable
fruit setting in tomato reportedly occurs at a
mean temperature range of 157 10 20°C, night
temperature being more critical 3% Cther
workers have argued for the importance of both
day and night temperaiures™ " +%°_ On the other
hand, dense head formation in Chinese cabbage
alsu takes place when mean temperature ranges
between 157 and 20°CY- 7750

Lowland wropics are also  synonynious
with heavy rainfall.  Precipitation as high as
2500 mm or more is nut uncommeon, with
roughly 90% and above of rain falling within
a span of three to four months. Although rain-
fall provides much nceded water for crop growth
in rainfed areas, excessive amounts are damaging
to many vagetable species that are highly sensi-
tive to dejpletion of soil oxygen. Tomato and
heading Chinese cabbage are no exceptions®+3°,

High tenmiperature and high humidity have
an indirect but equally devastating effect on
plants since they create a favorable environment
for rapid multiplication of pests and diseases.
The most common diseases and pests of tomato
and Chinese cabbage in the tropics are given

below.
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Tropical lowland soils  are surprisingly

infertile.  Organic matter that promotes good
vegetable growth and development is often “elow

1%. Moreover, soil structure is often substandard,
Fertile Ground for Pests and Discases

Although  tomatoes can be grown fairly
well in the cool, dry regio ; of the tropics, they
are often attacked by many pests and diseases
during the hot, humid season. Nine or so of
51 tomato diseases caused by bacteria, fungi,
viruses and nematodes are muajor problems in
the hot, hunid tropics of Asia, Africa, and Latin

(»"J()

‘ Al 28 . f
America Ihese are bacterial wilt (Psetedor

monas solanacearunt),  rootknot  nematode
(Mcloidogine incognira), tomato mosaic virus,
leafmold  (Cladosporium fivum), grey leafspot
(Stemphiyllivee solani), Septoria leafspot (Septoria
lvcopersic), southern blight (Nclerotian rolfsii),
carly  blight  (Hlrermaria soluni),  and powdery
mildevs (Frvsiphc polveoni). Bacterial leafspot
(Nanthomonas - vedcatoria)  has caused  havoc
on summer tomato in Taiwan an - elsewhere
in the tropics, prompting AVRDC bLreeders to
consider it cqually important.  Field evidence
that black leafmold (Corcospora Julizena) may
be more important than other leafspot diseases
is present (Saadaoui, personal communication),
Indeed, the large number of diseases attacking
tomato in *he humid tropics make it a high-risk
crop.

Of the major tomato insect pests, fruitworm
(Ticlionhis arniivera) has received the most atten-
tion. It is considered a major problem in India®’
and the Philippines™ . As vectors for virus
diseases, some sap-sucking insects, such as aphids
and white fly, are just as important® . The green
peach aphid (Myzus persicac) can transmit virus
diseases such as yellow top and tomato aspermy;
and the white fly (Bemisic tubuci) serves as a
vector for tomato leaf curl virus.

Several diseases attack Chinese cabbage,
but only threc are considered principal problems
in the hot, humid tropics'. Softrot (Forwinia
carotorora), is most damaging during the hot

wet  season. Downy mildew, (Peronospora
puarasitica) can be a serious disease in the early
or late summer along the fringes of the tropics
or in cool, moist highland areas: however, it
is not as important as softrot in the hot season,
Although  relatively  unimportant during the
rainy season, turnip niosaic virus can be damaging
during the hot, dry season. Apart from those
three, clubroot (Plusmodiophora brassicac) has
become a menace in recent years in the highlands
of Indonesia and the Philippines but its incidence
is stiil confined to the cooler arcas. Early blight
(Miernaria brassicac) has been reported 1o cause
severe  damage  on  Chinese cabbage in some
tropical countries.

Many pests attack cruciferous vegetables
so that chemical control has become an indis
pensable practice.  Then classic pests include
diamondback moth (Plurcila xvlosiella), cibbage
(Hellula  undaliy),

(Trichoplusia ni), swiped flea beetle (Phvllotrera

webworm cabbage  looper
Striolata), and  aphids  (Myzus perstcae,  and
Lipaphis crvsinid).  In many cases, the diamond-
back moth and cabbage webwormi are consi-
dered the two most important insect pests of

crucifers®

PHYSIOLOGICAL ASPECTS OF
TROPICAL ADAPTATION

Higl Temperature

Fruit-set is one of the key components
deciding final yield in tomato®®+™ and is limited
10 a narrow range of temperatures. Both night
and day temperatures are considered important
to tomato fruit-set*®. Maximum temperatures
below 30°C favored fruitset and yield; ranges
between 30° . 45°C markedly reduced fruit-
set™. Poor fruit-set at high temperature might
result from the reduction of carbon export from
the leaf*! and the inability of reproductive organs
to import assimilates 1n the early stages of flower
development??,

The process of fruitsetting occurs in the
female reproductive part (pistil) which develops
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seeds within the ovary®®. Pollen crain gemiina-
tion occurs in tha stigma, and the pollen tube must
grew through the stylar tizsne to reach the ovule.
The latter formns the seed after fertilization and
then triggers ¢rowth of the erstwhile ovary to
foim the fruit. Finally, the fruit remains attached
to the pedicel and grows. High temperatures
are known to limit tomato fruit-set lecause
of a simultaneously and/er sequentially impaired

25 4y S0, 72
S50 guch

series of reprcductive processes
as pollen production and development, ovule
development, pollinati»n, pollen grain germina-
tion, pollen tube grcwth, fertilization, and fruit
initiation (Fig. 1). The effects of high tempera-
tuze on these processes 'zpend upon the plant’s
developinental stage when expo.ure takes place.
The greatest effects occur five to nine days before
anthesis. Heat treatrent dne ‘o three days
after anthesis qieatly reduces fertilization®®.
The difference in fruit-sert among varieties ¢t
high temperatuie apparently cannot be attri-
buted to one major physiological factor, but

7
Y However,

to a combination of responses®’
heat tolerance may be potentially enharced
by genetically ccmbining desirable factors® .

After pollination and fertilization, the

developing seed takes the leading role in con-

IN THE TOMATO FRUITING PROCESS

et t/m\w.pmm"f\s.’“'"'"
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Fig. 1. Components of toriato reproductive
process influenced by high temperature.

trolling fruit developmeat. A possible correla-
tion exisie “etween seed number and fruit size®,
Fruit-set and developmen® are usually asscciated
with endoge:.ous plant hormoues produced by
the pollen, stylar tissue, or seed during the nor:nal
processes of pollination, fertilization, and seed
formation. After ‘ruit-set, cell division and
enlargement in the fruit are nromoted by the
endegenovs hormcnes produced by seeds through
seed development Experimental evidence suggests
that auxin ard gibberelun levels in reproductive
organs decreise vith increasing temperatuies.
At the same time, abscissic acid increases,
probab.y enharcing abscission® 353 Little
is known, however, about the varietal differences
in the leves of endogenous plant hormones or
the'. 10les in he reproductive organ during the
process of fruit-set and developmen: at high
temperatures. It appears that certain plant
hormones enable the reproductive organ to
mobilize  assimilates  at  high  temperatures™.

The heading process in Chinese cabbage
plays a major role in deciding yield under high
temperatures®®.  Leaf turgidity is a prerequisite
for leaf erection, hooking, and cventual head

40.50  Heat tolerant

formation to take place
cultivars niain-air  leaf turgidity under high
temperatures’’ . Dry matter production dia
not differ apprzciably between heat-tolerant
and heat-sensitive cultivirs, Lnplying that head
formation at high temyj !rature relies more on
the plant’s water balzaice rather than on its
photosynthetic source®. Heat-tolerant varieties
utilize more water than heat-sensitive ones at
leaf erection and hooking stages. This difference
may be due to ‘the rapid root growth and
extensive root system of heat-tclerant genotypes,
rather than to the transpiration stream created
by an extended leaf area. It is reasonable to
surmise that heat tolerance in Chinese cabbage
is strongly associated with the water relations
in the plant.

In fact, all heat-tolerant varieties have a lower
shoot-root ratio than heat-sensitive varieties®'.
The extensive root growth in heat-tolerant

varieties may facilitzte grrate: water uptake.
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Their initially high water uptake may conceivably
b vequired to maintain high turgor in the leaves
so that heading can proceed normally at high

available data

temperatures. Furthermore,
support the
head formation of heat tolerant varieties !«
The

in the

importance of thick teaves for

b

absence  of odequate  drought  avoidence

form of o surface barrier of low wacer

due to high stomatal number in

heat

permeability

the leaves ot sensitive cultivars may con

tribute to thelr rapia dehydiation and mability

to maintain turgor at high temperatures. A lower

Laf swface wres per unit shoot weight of the

thick-leaved  varieties ey also decrease  trans-

piration and consequently Improve w.iier cconotny
of the rlant.

Heat tolevant Chinese cabbage plints con
tain more electrolytes than heat sensitive ones™

Lowering of the osmotic potential 1 frequently

responsible for maintaining turgor when the water
content decreases because of high temperature.
Thus,
sap of heat tolerant Chinese cabbage plants should

high electrical conductivity in the leaf

lead to the maintenance of higher turgor with

supply.
heading  processoes,

v plentiful wate If turgidity is well

maintained, initial such  as

leaf erection, shouid proceed normally,  High

chlorophyll conert in the outer leaves of heat

tolerant Chinese cabbage nlants may also faci-

litate photosynthetic rate, thereby  increasing

carkohydrates for use as the source of clectroly tes
or energy for the heading process.

Measurernents of water status and water
potential in planty are very mmportant in selucting
for heat tolerance.  Conventional psychometry
15 not suitable for Chinese cabbage, o the indirect
method might offer .« viable alternative. Hence,

the relevaat morphological traits (Tables 1 and 2)

Table I Leaf thickness, tichome nunber, stomatal namber, and ¢, forophyli content per
unit leaf area of Chinese cabh. 1es

reaction (ram) (cm™) Adaxiat Abaxial (rg/dm™)
B-6 - 0.34d0Y 4.8 4 0.5" 218+ 36 2811 32 2.35¢f
B-14 + u.40b-d 0.7 £03 262 L %0 250 4 H0 4.12ab
B-31 4 0.42a-d 0 145+ 33 224 1043 4.02ab
B8-40 - 0.30e 1.9%08 295 H4 386 1 68 3.08c-e
B3-71 - 0.36de 22t 208 1 32 368 1 EY 2.19f
B3-126 + 0.42a-d 6] 169 = 39 192442 4.34a
B8-129 + U.40a-d 0 123 £50 182 ¢4 32 3.77a-¢
B-140 ¢ 0.47a a 183 £ 56 «58 £ 40 4.38a
B-152 + 0.44a-c J 196 £ 59 240 4 A 3.88a-c
B-171 + 0.4Gab 0 193 + .0 203 £ 39 4.15ab
B-175 4 0.46a-c 0 179 =~ 62 31¢ L 80 4.20ab
B-189 + 0.39cd 0 151 4 46 190 £ 50 4.53a
F1-58 + 0.36d 04405 232553 3354 75 3.39h-d
F1-62 + 0.42a-d 0.6 +0.8 203 & 46 351 t 58 2.87a
v 0. 802**" ~0.849% ~0.730%* 0.839*x*

z ‘
+ = heat tolerant; = heat sensitive

4 B 5 .
¥ Mean separation by Duncan’s multiple range test, 5% fevel

X
l ach value represents tie averape of 3 re plications = SI;
( orrelation coettizients with heading rate
Yo orrelation coefficients signilicant at 14 (*

Joond 0,16 (¥*%)
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Table 2 Leaf thickness, trichome number and
leaf sap electrical conductivity of Chinese
cabbage

Trichome no. Electrical
Heat Thick (C.“ﬂ) conduc
Entrv  reac- ness tivity
tion; {(mm) o {umhaos/
Adaxial  Abaxial Cm.l)

B-6 0.38¢” 3.7 11.7 Ble

B-14 t C.43bc 1.7 10.0 8de

B8-31 + 0.50ab 0 9.3 106ab

3-40 0,.39¢ 3.0 7.0 89c-¢

3-71 0.26d L3 0 85d2

B-126 ' 0.53a 0 0 112ab

3-129 4 0.42bc 0 0 102bc

B-140 4 0.4 9ab 0 0 118a

B-152 + 0.50ab 0 0 106ab

B-171 t 0.49ab 0 [¢] 112ab

£-175 + C.39c [¢] C 10’ab

B3.-189 + 0.42bc 0 [¢] 90c-e

F1-58 ( 0.4b%a-c 1.3 2.7 99h-¢f

F1.62 t 0.98ab 0 9.3 99b-d

7 -
+ = heat tolerant; S heat sensidve

“Mean separation by Duncan’s multiple range test at 8%
probabidity level

to aim for in selecting for heat tolerance are 1)
thick and dark leaves and 2) vigorous root growth.
These are essential in sustaining leaf erection for
head formation under high temperature. Other
traits (Tables 1 and 2) showing association with
heat tolerance may not be generally assumed
related, becausc the heai tolerant materials used
in these studies were almost exclusively fiom
Taiwan and had been previously selected for

the locally preferred morphology.
Flooding

Heavy rainfall may mechanically damage the
aerial parts of plants, but topogenic water ac-
cumulation due to poor surface drainage may
also lead to damaging flooded conditions. One
principal effect of flooding is the rapid depletion
of soil oxygen supply to the roots. The effect
of oxygen deficiency on plants is ccmplex. It
comprises the direct, physiological effects of

low oxygen supply, and the indirect, oxygen

dependent changes in the soil. It is difficult to

separate these two factors. Visual symptoms

due to deficient aeration may appear on the

roots and shoots. The characteristic symptoms

in the shoots of Chinese cabbage and tomato

from flooding are:

1. reduced stem growth

2. chlorosis of thie lower leaves

3. marked epinastic curvature or wilting of the
leaves

4, production of adventitious roots

(&)

. death of the plants.
The primary cause of the above growth
disturbances is the inhibition of acrobic respiration

! Other adverse effects on the

in the rocts”
plant’s vial fuactions such as growth, water
uptake, and nutrient uptake, ace the consequences
of abnormal respiration. The exclusion of oxygen
from root metabolism also causes ¢thanol accumu-
lation and ethylene elevation' . Toxic effects
of ethanol on plant tissues and the association
of ethylene, epinasty. and adventitious root
formation are known™"

The 1esponse of the plant to defizient
soil aeraticn also depends on other environmental
factors, chiefly temperature. Rapid wilting
and/or death of Chinese cabbage and tomato
plants after a si-ort pericd of flooding is usually
ohserved under hot. humid conditions in the
tropics.  This is probably due tc the combined
effects of high temperature, flooting and disease
infection.  High tempervatures decrease oxygen
solubility in the soil solution, at a time when
demand for soil oxygen is high due to a
high respiration rate in the root system. Fur-
thermore, high temperature creates a great demand
for water, because of the high transpiration rate
in the shoot. These effects aggravate the flooding
injury to the plant.

The relative tolerance of particular crop
species and varieties to flooding is not alvays
predictable as it depends on factors such as the
soil physicc-chemical properties, temperature,
and the plant’s development stage. Neverthelerr,
under controlled experimental conditions some

comparisons (Table 3} of different plants and
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Table 3 Effect of 96 hr flooding on shoot growth,
root growth, chlorophyll content, and
root  oxygen consumption of cight

vege tables

z
Relative performance

Crops . Root
Chtore
Root Sitoot Oxyqen

phyii
arowth qgrowth cConsump-

content

tion

Amaranthus

(Acc, no. 26) 0.3 0.62 0.38 0.78
Chinese cabbage

{83-189) 0.90 0,74 0.75 0.80
Munghean

(V-21E4) 0.67 0.63 0.77 0.73
Sovybean

“(i-38) 0.82 0.83 0.64 1.18
SHSweet potato

(ATS 35.2) 1.03 1.29 0.91 1.95
fomato

(L-123) 0.25 0.13 1.03 0.28
water convolvuius

(Green stem) 2.00 0.90 1.04 3.73
Winghean

(LIPS 102) 1.00 J.95 0.88 0.76

7 .
Fxpressed as rusio ot Tooded; controt

The differences

between plants or varieties with respect to sur-

- Vs 82
varieties have been made™-"%-%%

vival in  oxygendeprived media are due to
their morphological adaptation to an alternative
means of oxygen supply to the roots, resistance
to toxic metabolites in the soil and plant, and
capacity to nerform anaxic respivation.  Further
understanding of genotypic variation for relative
tolerance to floodiny injury may strengthen the
potential of breeding for flood tolerance.

GENETICAL ASPECTS OF

TROPICAL ADAPTATION
Successful  production of tomato and
Chinese cabbage in the hot. humid tropics
obviously depends on several components. In
broad terms, these crops should possess the
improve  their

following  characteristics  to
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productivity under tropical conditions:  heat
tolerance, tolerance to excess moisture, and
resistance to major pests and diseases. Environ-
ment also plays a major role in influencing
vegetable quality.  However, only production-
related components will be covered here.

The qenetic bases of some of the most
important components for tropical adaptation
of tomato and Chinese cabbage are given below.
Data from literature were combined with some
of the AVRDC experimental evidence to arrive
at a comprehensive idea of the nature of these
components.  As the genetics of major disease
resistanees in Chinese cabbage have not been
elucidated, this review covers mainly the resistance
to the major diseases of tomato. Emphasis is
given to tomato diseases that are currently covered
in the AVRDC resistance breeding program, such
as bacterial wilt, tomato mosaic virus and root knot

nematode.
Hear Toleranee

Heat tolerance in tomato was defined as
the ability to set fruits under night temperatures
no lower than 21°C%* .  This trait reportedly
gives indications of genetic complexity, with
variation exhibiting a continuous distribution,
and  heritability  values ranging from 5-19%
implying that the major part of the observable
variation is environmental in nature®

As heat tolerance. defined on the basis
of fruit-set. implicates an ultimate product of
a complex reproduetive process, attempts were
made in the puast to examine the components
of the system to deduce relatively simple genetic
situations.  For example, stigma exsertion, one
of the common responses of heat sensitive cul-
tivars under high temperatures, was found to be
controlled by partially dominant genes with
high additive component and heritability ¥ .5¢. 7
These results corroborated the outcome of an
earlier study ™!,

Recent studies at AVRDC using a genetically
diverse seven-parent dialle] analysis indicated the

importance of both additive and nonadditive
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The genetic resources used in breeding
for heat and BW resistance were purposely derived
from diverse germplasm sources (Tables 13 and
14).  Hybridization schemes in the early years
involved single, three-way, and double crosses
aimed at combining these differcut resources.
Segregating  progenies were handled mainly by
traditional metheds, like the bulk and pedigree sy
tems, and occasionally by the singlesesd-descent
(S5D) method on a few elite crosses.  Selection

for BW resisrance in these carly crosses involved

screening of young seedlings of early bulked
populations, e.q., F2 or F3 bulk, by leaf clipping
with a pair ol scissors dipped in a mixture of
highly infective BW inoculum. Surviving seedlings
were grown thereafter in o BW infested field
nursery. Whenever appropriate, the survivors
were also selected for heat tolerance (based on
fruit-set under field conditions) in the nursery,
Further selections for BW resistance and heat
tolerance were conducted in subsequent genera-

vons with similar screening methods.

Table 13 Genetic resources for heat tolerance i tomato and frequency of utilization

in AVRDC breeding program

No. times

Accession Varietal name used in

Crosses
L4841 L22 (VC11-3-1-8) 80
L3958 PI289309 69
L125 Divisoria-2 56
L283 Tamu Chico 11 a7
1L232 Naycarlan 4%
L2972 1289296 47
L1488 P1203232 36
L18 VCI11-2-5 34
L2991 P1190256 29
L229 Sub Arctic Plenty 27
L3040 P1294444 16
L3957

BL.6807 9

Table 14 Genetic resources for bacterial wilt
resistance in tomato and frequency
of utilization in the AVRDC breeding

program
Mo, times
Accession Vl:';::t’_‘” used in Yo Source
crosses

LL96 Saturn 135 21.8  USA (NC)
LL95 Venus 109 17.6 USA (NC)
L.366 Unknown 85 13.7 ?
LLagal LL22 80 12.9 Philippines
1 VvCag-1 34 5.5  Philippines
1S v(Ca-1-2-7 34 H.5 Phiippines
(-] VC9-1 29 4.7  Philipplnes
21 vCill-l 28 4.5  Phillppines
L4670 P1406994 28 4.5  Papama

Yo Source Remarks
12.9 "hilippines
11.1 USA (Texas)

8.9 Philippines

7.5 USA (Texas)

7.2 Phitippines

7.5 Hungary

5.8 South Africa Frost resistant
5.4 Philippines

4.6 USA (Texas)

4.3 Canada Cold tolerant
2.5 Isracl

1.4 Canada

Cold toterant

The trend in tropical tomato hybridization
from 1981 to the present differs markedly from
the first decade of the breeding program (Fig. 3).
In recent years AVRDC tomato breeders have
emphasized further improvement of the most
advanced tropical lines by sequentially incor-
porating additional resistance to diseases and
New traits that have
been bred into tropizal tomato are as follows:

improved fruit quality,

resistance to tomato mosaic virus (mainly with
gene Tm-29), resistance to fruit cracking, fruit
firmness, and improved fruit size®. At present,
breeding for nematode resistance is nearly
complete. A few of the new tropical lines with

this resistance will be available soon® .
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Number of crosses

80 81

Year
Fig. 3 Trend in the total annual crosses in the
AVRDC tomato program
NAs more desirable genes are added for
breeding into tropical tomato, the intensity

of the major traits for which they were originally
bred may decrease with geneue manipulations.
Complex like BW

heat tolerance, are especially vulnerable, AVRDC

characters, resistance  and

tomato breeders have thercfore increasingly
resorted to the backcross (BC) method to recover
adequate levels of the recurrent tropical parents
while adding new traits, 'This method is finally
combined with cither the bulk or 5SD method
(only for a few elite crosses) in handling the
<fed BC progenies.  The BC method is a far
more involved scheme and, thus, the downward
trend in yearly ciosses since 198) is reasonable
(Fig 3).

In handling the sclfed BC progenies, selee-
tion for complex traits is novr yenerally delayed
until all selections veach family or line stage.
Farly generation selections are stll made but
restricted to simple, highly heritable traits, e.q.,
ToMV and nematode

the hybrid progenies can be screened for better

resistance.  In so doing,
horticultural types before selecting for complex
traits, like heat tolerance and BW resistance.

The number of backcrosses to the recurrent

101

tropical stocks depends on the nature of the

parent but usually varies from one to three.
If the donors offer other desirable characters
apart from the major gene(s) under transfer,

the number of BC's is reduced to two or even
one.
that the

recover

Experience in the last three years indicates
BC’s
tolerance from
On
good

minimum number of needed to

desirable levels of heat
the tropical parents may not be very high.

several occastons, many with
BC2F2
This

that the yenetics of hedt tolerance may not be

segregants

heat tolerance 1 the generation  were

already  recoverable. indirectly  suggests
overly complex, as previcusly supposed” . but
perhaps controlled only by a few major genetic
factors with minor gene maodifiers. We have not
evaluated the backeross progenies for BW resistance
fully enough to beable to conclude that a minimum
of two backerc..us, adopted for heat tolerance,
is adequate.

Heat tolerance in heading Chinese cabbage
is inherited in a fairly simple fashion?«"" »oteor 21

and transfer of

this

thus assures that the genctic

trait is easy. However, other important
characters like head yield and discase resistance
still need to be combined with it in the breeding
program,

The yield potential of heat tolerant Chinese
through two breeding

cabbage was enhanced

strategies.  In the carly stages, improvement of

one of the major yield components, head weight,

5

was attempted through population breeding® " +*
Both
showed that significant gains in selection for

be
: Unfortunately,

recurrent sclection and mass selection
achieved with suitable
although the
they were

Therefore,

head weight could
cultivars®™ «*
gains were statistically significant,
small in practical terms (Table 15).
the dramatic improvement of yield potential was
sought through heterosis breeding” -0 ?
Genetic  diversity enhances hybrid vigor
in crop plants, such as maize, where heterosis

26 .36 .45
been observed® ©+30 7%

Certain genetic
reasons of hybrid
breeding in improving the yield potential of

Heat tolerance

has

mitigated the employment

heat tolerant Chinese cabbage.
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Q.

DISCUSSION

(S. Kosiyachinda)
In your studies of tomato in St. Lucia, did vou also look at the quality of the lines, in terms of wheth-

er they were suited for table or processing markets?
Since our objective was toidentify a variety that can be ¢ own during the hot wet season, emphasizing

yield performance, we did not make .y special assessment of quality.  Generally, however, there is

a problem of incorporating yood quality into heat tolerant hines.
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ASPARAGUS BREEDING IMN SUBTROPICAL TAIWAN

Lih Hung and Han Huang
Department of Horticulture
National Taiwan University

Taipei 10764, Taiwan, R.O.C.

INTRODUCTION

Asparagus has beon -own in Taiwan since
1963, [t came as a suprise Lo temperate asparagus
producers that Taiwan's asparagus production in
subtropical conditions could surpass their own in
both total production and average yield. Taiwan
scon becar:e the world s leading exporter of canned
asparagus (Table 1). An essential part of this suc-
cess was the mother stalk cultural practice developed
for subtropical conditions. As no entirely suitable
cultivars are yet available, it is necessary for Taiwan
to breed asparaqus which will give high, good qual-
ity yields under local zlimatic conditions and culti-
vation methods.

SPECIAL ASPECTS CF ASPARAGUS
CULTIVATION IN TAIWAN

Taiwan asparagus growers follow the mother
stalk cultural practice, which varies significantly
from the methods used by temperate climate
asparagus growers (Table 2)°. Experiments com-
paring the conventional and mother stalk cultiva-
tion methods were conducted by Wang (1965)' ¢
and Lin (1968)'*, and prov-d the necessity of the
latter in the hot humid climate of Taiwan.

The Mother Stalk Method

In the asparagus mother stalk cultural
method!®+!7-'% 3 few stalks are left on each
plant at the spring harvest. These stalks carry on
growth to supply photosynthates for the plant
throughout the harvest. In high temperatures,
these stalks senesce after two to three months. To
allow for this, a staggered turnover of sialks of

different ages is maintained, to ensure a high level
of photosynthetic efficiency. All above grcund
ferns need to be cut back 2-3 times each year, to
control the severe disease and insect pest problems
experienced in the tropics. rertilizers are applied
after harvesting in lateautumn, and the plants grow

throughout the vinter after a very brief rest period.

White asparagus spears grown under the mother-
stalk cultivation practice

Seed Supply Problems

The difficulty in obtaining quality seeds from
the United States over recent years has been acting
as a stimulus to Taiwan's seed production program.
In the early stages of Taiwan's asparagus growing
and canning industry, supplies of yuality seed from
the United States were readily available. Over the
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Table 1. Production and export of asparagus i Taiwan from 1963 to 1985

Planted area”  Production

Year e
{ha)
1963 105
1964 270
1965 9,633
1966 10,877
1967 8,002
1968 5,385
1969 8.315
1970 12,588
1971 17,456
1372 15,918
1973 16,146
1974 17,353
1975 17,636
1976 13,005
1977 13,839
1978 12,610
1979 13,512
1980 12,429
1981 12,458
1982 11,256
1983 9,505
1984 9,647
1985 10,026

{mt)

441
616
16,776
44,120
31,010
51,583
67,679
112,331
127,517
106,602
112,477
111,146
80,113
93,986
102,117
97.393
102,237
112,871
81,338
52,808
45,638
54,143

62,068

Unit yield Export™” Export value™ Unit price
(kg/ha) (std. case) (US%, (US$/std. case)
4,200 335 4,355 13.00
2,280 33,244 410,952 12.36
1,760 801,039 11,047,654 13.79
4,056 916,328 14,218,221 15.52
3,875 1,744,509 23,956,381 13.73
8,075 2,136,386 28,827,137 13.49
9,003 3,353,314 38,866,254 11.59
9,658 3,723,417 35,573,382 9.55
7,305 4,017,814 35,043,829 8.72
6,697 3,376,303 39,680,331 11.75
7,173 3,741,974 55,207,178 14.75
6,419 3,493,318 84,826,979 24,28
4,607 3,659,566 78,893,259 21.56
7,265 3,899,399 97,020,879 24.88
7,432 2,835,369 79,103,052 27.90
7,750 4,344,340 117,876,770 27.13
7,631 3,509,110 110,597,958 31.52
9,082 3,937,816 135,658,724 34.45
6,576 3,057,606 101,171,746 33.09
4,700 2,656,715 88,183,671 33.19
4,804 1,758,927 60,878,623 34.61
5,760 1,665,485 60,716,515 36.46
6,268 1,136,123 35,837,875 31.54

¥ Source fromn Taiwan Agricultural Yearbook

** Source from Taiwan Exports of Canned Food

Prepared by Council of Agriculiure, Exceutive Yuan, Taiwan, R.0.C.
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improvement which can be carried out with a
limited budget and resources. Superior male and
female plants aie selected from established aspara-
gus fields and isolated for seed production. The
Tainan District Agricultural Improvement Station
has used this inethod in selecting for adaptation to
local conditions, yield, spear quality, and discase
and pest resistance. The three asparagus cultivars

received by growers. These were derived from
UC309, Mary Washington and UC711, respectively.
Nichols (1985)' ' conducted a variety trial in New
Zealand on 41 asparagus cultivars, including Tainan
Seclection No. . His results rated Jersey Giant (56
x 22-6°

Taian

“rom Rutgers University as the best, with
Na. 1 and Minerve equal

Nichols plans further trials in

dection

sccond (Table 3).

Tainan Selection No. 1, T.S. No. 2 and T.5. No. 3 an International Asparagus Cultivar Trial' " overa
which the Station has released have been well wide range of environments.
Table 3 Yield results from asparagus cultivar trial: 1983 and 1984 3
Total yield (mt/ha) L Market yield 1984 only
Cultivar 1983 1984 1983+1984 1983 1984 1983+1984 Butts Reject Cross value
(%) (%) ($/ha)

56 x 22-8 2.94 10.27 13.66 1.76 6.25 8.28 30.8 8.0 11,534
Minerve 3.75 8.92 12.62 2.67 4.95 7.62 27.9 16.2 8,302
Tainan No. 1 2.57 9.00 11.57 2.25 4.96 7.21 30.5 15.1 8,668

Hybridization Breeding

Hybridization is more demanding in terms of
space, equipment and researchers’ time than mass
sclection.  Superior plants from mass selection
trials provide the basic genetic material. After fur-
ther selection, the plants are crossed in various com-
binations to find the best cross based on evaluation
of progeny performance in different locations. The
Tainan District Agricultural Improvement Station
is carrying out progeny testing in hybridization
programs, and if the best resultant cross proves

satisfactory it will be released as a new cultivar.
All-male Asparagus

H.S. Tsay!®, of the Taiwan Agricultural
Research Institute, and researchers at the Tainan

District Agricultural Experiment Station are carry-
ing on work breeding all-male asparagus. Anther
culture and chromosome doubling are used to
produce the superior male plant. The superior
male plant is then crossed to a good female plant

to give an all-malc asparagus cultivar.

FUTURE PROSPECTS FOR
ASPARAGUS BREEDING

All-nmuale and All-female Asparagus

All-male breeding is the current trend in
asparaqus breeding, for the sake of the more nu-
merous spears produced. Several all-male cultivars
have already heen released throughout the world.
All-male asparagus breeding is now in progress in
Taiwan, as described above,



As an interim measure, prior te release of an
all-male cultivar adapted to Taiwan's high tempera-
ture and humidity, female scedlings derived from
other research® should be planted in an isolated
location where they will not be pollinated by male
plants.  Such isolated female plants will not set
seed, but will produce more spears. This manage-
ment practice will give some saving in sced costs
and result in a harvest of larger spears.

Persistant Green Asparagus

A trait for persistant green color in asparagus
was identified by Irizarry o7 o/ '' Plan's which
have the persistant green trait maintain dark green
stalks and foliage in the autumn, when other plants
turn yellow or brown. These persistant green plants
extend their period of photosynthesis and accuma.
late more carbohyd:ates for production of spears in
the following spring. In southern Taiwan where
the dormancy period is brief, the peisistent green
asparagus cultivars may have great advantages for
the preduction of green asparagus during the
winter. The persistent green color character is a
single recessive gene, and could be casily transfered
to local cultivars as a means of increasing the leyel
of adaptation to Taiwan's climate,
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DISCUSSION

(S. Kosujachinaa)
Do you have any information on the relative quality of the spears from female and male asparagus
plants? s there any quality difference between white and green spears?

I don't think there is any difference in quality between male and female asparagus spears, except with
respect to size: the female is the larger. However, the number of spears on the male plant is gieater,
giving a creater yield overall. This is why all male asparagus is wvanted. The green asparagus is said to
be more nutritious than the white, but the white is preferred by European consumers. In fact, because
white asparagus has to be dug out, it is more difficult to harvest, but the green asparagus gives about
25% lower yield.

(R.L. Villareal)
What is being done to solve the problem of center rot in asparagus in Taiwan?

This is not such a serious protlern in Taiwan as in the U.S.A. and other parts of the world. Wedo

not know why it is less of a problem in Taiwan asparagus. In fact, farmers in Taiwan do not recognise
rot in the crown as a problem, since as the center rots the growth moves outward with each season,
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VEGETABLE IMPROVEMENT IN THE PHILIPPINES:
BREEDING AND BIOTECHNOLOGY

Ruben 1. Villareal
Institute of Plant Breeding, College of Agriculture
University of the Philippines at Los Banos
College, Laguna 3720, Philippines

INTRODUCTION

This paper reviews the progress made in de-
veloping vegatable cultivars f - the lowland tropics,
with an emphasis on the efforts made by the
Institute of Plant Breeding (IPB) at the University
of the Philipnines at Lcs Banos, and particularly on
the current status of biotechnology at IPE.

The most significant events in the organiza-
tion of vegetable improvement programs in this
part of the Asian continent during the past 20 years
have been:

1964 International vegetable center proposed
1971 Establishment of the Asian Vegetable
Research  and Development Center

(AVRDC)

1973 AVRDC accepted as associate member
of CGIAR

1974 Plan to establish sister institute to
AVRDC

1976 FAOvegetable research appraisal mission

1977 Vegetable program proposed for Asia
and Africa

1978 Vegetable cropsdesignated priority crops
for CGIAR

1979 TAC recommends establishment of se-
cond vegetable center

1985 TAC recommernds that tropical vege-
table research be the objective of the
CG system

1986 The Winrock International Institute
for Agricultural Development recom-
mended formation of an international
network of organizations and individuals
concerned with R&D of vegetables in
the tropics.
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During this period, vegetable breeders have
significantly improved the yield and quality of
crops through conventional selection techniques.
Biotechnology, particularly genetic manipulation
including gene splicing and transfer, now offers a
vast potential for changing the characteristics and
performance of plant phenotypes, but lack cf
facilities and personnel have limited its exploitation

in the Asian wropics.

VEGETABLE IMPROVEMENT
IN THE PHILIPPINES

Prior to the Establishment of PR

Academics working on limited budgets led
early vegetable breeding in the Philippines. Profes-
sors of the College of Agriculture introduced much
germplasm of different vegetables. After World
War Il, breeding wotk became more highly pro-
grammed, with selected crops being developed at
the Vegetable Crops Section of the Department cf
Agronomy. Vegetable breeding was encouraged
through the assistance of visiting professors {from
Cornell University in the 1950s' +=. At that time,
the author headed the Rescarch and Extension pro-
gram in Vegetable Crops, the first comprehensive
rescarch and development program in vegetable
crops in the Philippines®. The program trained
rescarch personnel, and established a system of
trials in strategically located vegetable production
centers throughout the Philippines, forerunners of
the national cooperative test and recommendation
system for new and improved domestic and
comrmercial vegetable releases,
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Table 5  Summary of screening for stress condition in mungbean, tomato and corn, 1pgd/

Nt
Crop/Stress T
Scree
Munghbean
Droughtt/ 832
‘Nut(:rloquingc/ 563
Tomato
Waterloggingd/ 55
Corn
Droughth/ 410

Yo accessions

ned  Tolerant

13

176

Y% of total

Tolerant accessions

18

24

43

IPB M79-9-82, 1IPB M79-G-11, IPB M79-13-98
IPB M79-4-79 1PB M79-9-13

IPB M79-13-59, 1213 M79-13-50, 1PB M79-9-82
IPB M79-16:51, iPt M&1-4-19

CL 143-0-10-3
Tl 167-7 round, Tmil 88
R-5034-3-4-N-58-U6, Narcarlan

UPCA Var 1, Xvi
Acc 576, Acc 423

i-8, XVH-3

a/ Dati sapplied by Del Rosario et 2/ of the lustitate of Plant Breeding, 1986

b/ Bata from a 3-ycar study at severad locations

¢f Data froma 2-year stwnly at several Jocations

df Data froma byear stedy a 1PB

Table 6

Promising e~rly accessions of upo, hatao, Table 7 Total and specific nitrogenase activity in
and snap bean pole sitao and hatao
Crop/accession no. Days to flowering Total actlvity Specific activity
T T T T T T T e e - Entry um C H /plant/hr um C M Jym wodule/hr
Upo (7) Tambuli 4¢ 24 24
Acc 3 63 T -
Acc 5 60 Pole Sitao
Maagap 31.2 108.0
Acc b 62 Sundlgan 14.0 36.7
UPLPS, 20.7 55.8
Batao (10) .1, 388019 36 UPLPS3 16.5 42,2
Pl 345607 38 UPLP, 25.9 58.3
Hiyas (ck) 100 upPPs, 18.5 38.6
Luningning (ck) 111
Batao
Pl 284801 51.0 96.3
Snap beans (11) P 388000 2.9 186
Peak 34 PI 386002 2.1 23.5
Resisto 34 11392369 7.2 423.1
Spurl 36 (ficld type)
Pirate 36 e IR
Bush B'ue Lake 47 36 Note: Data supplied by Dr, E.S. Paterno, IPB N-Fixation

Project
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flower in the tropical conditions of the Philippines,
conventional methods of plant improvement arve
not available to garlic breeders.

Although the limited resources of IPB lamper
biotechnological vesearch, it will be used increasing-
ly in conjunction with traditional means of plant
breeding, aiding the identification and location of
useful genes and generally providing basic knowl-
edge of genetic and physiological processes, making
possible genetic transformation and control of
genetic expression.  With continued research, new
methods of producing and selecting plants resistant

to pests, discase and stres.. . will come 1o light.
CONCLUSION

Vegetable breeders of the Asian and Pacific
region are faced with questions of priorities' "
whether their effores are best deployed in breeding
for varietics, more efficient i thent utilization of
s¢ ¢ nutrients, whether the emphuasis should remain
on pest and disease resistance, whether breeding
should be done for drought, waterlogging and high
salinity, ~rwhether thedevelopment of appropriate
cultural practices be emphasized as the means of
reducing these stresses to crops. In addition, plant
breeders should consider reducing farmers” depen-
dency on government agencics for the production
and distribution of sced, and encourage greater
participation by the private sector in this industry,
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DISCUSSION

Q. (C.Y. Yang)
What is the scientific name of the ‘pole sitao’?

A. The scientific name of pole sitao is Figna sesquipedalis Frun, which is an indeterminate type, while
that of the cow pea is iena unguiculara (L) Walt.

Q. (C.Y. Lin)
In the breeding of resistance in tomcto to bacicial wilt in Taiwan, the races used for screening are
race 1 and race 3. It is important that both ac» used in screening, as screening with only one will
leave tlie tomato susceptible to the other, We do not have any problem from race 2 in Taiwan.

Dr. Kolman of the University of Wisconsin, U.S.A. divided Pscudomonas solunacearum into three
races, races 1, 2 and 3, according to their pathogenicity. In your paper, you state that Pscudomonas
solariacearnm in the Philippines is divided into three biovars, By, Bj1 and Byy, on the basis of a bio-
chemical test. Are these three biovars equivalent to any of the races 1, 2 or 3?

A. Orr plant pathologists in the Philippines are using ‘biovars' of Pseudomonas solanacearum instead of
‘races”. Their system helps explain why somne tomato varieties that are resistant in some areas remain
sus~entible in others.

As mentioned earlier, biovars are 1dentified through the use of biochemical tests, whereas races are
identified through the use of differential hosts. Races can be equated with biovars,

For example: Race 3 = biovar II
Race 1 = biovars I, III and IV

Comment: (R.T. Opena)

In potato and sweet potato, race 1 is more prevalent in cooler areas. In tomato, race 3 is the greatest
problem, and this is also the only race to attack banana.
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Q.

A.

(C.Y. Lin)
Your paper states that you have obtained 50 varieties of tomato resistant to Pseudomonas solanacearton,

Which of these has the highest resistance?

They are not varieties; they are breeding lines developed at the Institute of Plant Breeding. Several of
these lines have equivalent degrees of resistance. No single line stands out as having the highest degree

of resistance.
(C.Y. Lin)
Are there any commercial varieties of tomato released in the Philippines which are resistant to bacterial

wilt?

I know of at least three recommended varieties: VC 11-1, Mayumi, and Marilag.
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Table 2

Imports of vegetable and other seeds to Taiwan, 1981-1983

Value: US$1,000.-

1981 ‘ 1982 l‘)_&i% )
Crop Quantity  Value  Quantity  valie Quantity  Value
(mt) (US%) (mit) (USH) (mt) (US$)
Seeds ot fruit vegetabies (e.q. tcmato) 777 2 111.1 5 118.2
Cabbage 4 535.0 G 596.3 7 681.6
Chiness cabbage 50 3739 45 383.3 75 401.0
Spinach 55 226.5 75 324.0 161 727.7
Oriion 3 100.9 5 129.7 2 79.4
Seeds ot leaty vegetables 38 381.2 39 444.8 174 445.2
Pea 46 51.6 51 57.8 234 266.6
Gatlic 283 186.9 788 646.5 1,444 1,545 .5
Corn ’ 41 323.2 145 1,103.6 144 1,545.5
Sonrees 1984 Agriculturad Trade Statistivs of Taiwan, R.O.C, Council of Agriculture, Executive Yuan, Tuipei

TOMATO SEED PRODUCTION

The optimum growing temperature for to-
mato is 22-26°C in the day tme and 14-16°C at
night. [t is difficult 1o locate production sites with
this temperature range in the lovdand o opics, which
have a shorter cool season than subtropical areas,
In addiuon, the higher temperatures of the tropics
Cause more pest and disease problems, and hence
often produce lesser quality seed. The fall and
winter seasons in southern Taiwan are yencrally
cool and dry, and there is a good irrigation system.
Climatically, this is therefore an ideal tomato seed
preduction area.

Tomato grown ander optimum temperatures
are best for both flowering and fruit setting. Growth
is not inhibited even if the right temperature drops
o 13°C. However, the day temperature should be
above 15°C for anther dehiscence,  Too high a
temperature causes the flowers to drop, and there
is poor fruitset. Too low a temperature inhibits
pollen tube growth and leads 1o poor fertilization,
also resulting in poor seed-set, Occasionally we
find that pathenocarpic fruit are produced which
have only a few sceds per fruit cr no seed at all,
when pollination is done during a cold spell,

Tomato have a vigorousroot system, and can
be grown successfully in either sandy or clay soils,
However, to obtain good fruit and a high seed
yield, it is best to sclect a field with deep fertile
topsoil which has good drainage and yood water
holding capacity.

Tomato can be grown in slightly acidic to
slightly alkaline soils, but near neutral acidic soil is

best for this crop.
Raising of Seedlings and Transplanting

There is not much difference between raising
seedlings for fresh market production and raising
them for seed. In Taiwan, seeds are normally
broadeast direct ontoa well preparad seed bed. To
raise enough seedlings to plant 0.1 ha in tomato,
about 20-30 gm seed and a 100 m? seed bed are
required. Sceds after sowing are covered with fine
compost or fine soil, over which is spread a chopped
straw mulch, Raising good scedlings is essential to
obtain good seed yield, since up to 50% of the seed
yield is controlled by the first three clusters, and
the flower initiation of these first three clusters is
normally completed at the seedling stage. When
the seed bed is prepared, sufficient weli-decomposed
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compost with added phosphorus fertilizer should
be used. Cormpost 1s normally prepared a few
months in advance and incorporated into the sced
bed before preparation of the seed bed or potting
the plants in plastic pots. Occasionally compost is
sterilized with methyl bromide or heat before use,
in order to control soilborne diseases, pests and
weeds.

In order torequlate labor supply and demand,
the sowing date should be determined by adding
the number of days vequived for seedling growth
and the number of days the plants are grown in the
field before pollinauen, and relating this figure to
the availability of pollinators and the proposad
pollination Jate.  Pollination buging abont 65.75
days after sowing.

Male parents are novinally sovin one vecit in
advance of females. The male/female seedling ratio
is 1:6. The optimum germination temperature is
26-28°C. Seedling cmergence should be complete
after 4-5 days. The best seedling growth tempera-
tare 15 25 °C in the day time and 157C at nighe. In
order to raise strong secdlings, proper thinning to
about 5-8 ¢m between plants is essential, toallow

abundant sunshine to reach them.
Transplanting

Seedlings will be ready for sransplanting at
the 4-5 true leaf stage, orat 25-30days after sowing.
About one week belfore transplanting the water
supply should be withheld. in order to herden the
seedlings.  Three days before wansplanting the
seedlings should be sprayed with asolution of 5-5%
sugar mixed with 0.5, ureq, to improve the survival
rate in the field after transplanting.  The seed bed
should be thoroughly watered just before the seed-
lings are taken up from the seed bed. Plant spacing
should be 90-100 cm between rows and 40-45 ¢
between plants. Transplanting should be carried
out in the late afternoon or on cloudy days, to
minimize transplanting shock.

All compost, lime and P,O5, and one third
of the N and K,O, should be applied as a basal
fertilizer. The remaining two-thirds of the N and
K> O should be split into two equal parts, the {irst

Table 3  Recommended fertilizer applications fcr
tomato seedlings

Recommendation
Fertitizen S e e e

(Akg/lm)
Compost 25,000
LLime 1,000
N 500
P, 05 760
K,0 360

to oe applied as a top dressing 25-30 days after
transplanting, and the second to be applied 10-15
days later.

Indeterminate types of tomato are normally
stakied, Al side shoots should be removed early,
1o allow only one stem ner stake. With a determi-
nate type, extra care should be taken in pruning
side shoots, to ensure that the plant does not be-
come shootless and unabile to grow more branches,

to the detriment of flowering and seed yield.
Pollination and Emasculation

Fmasculation s one of the most important
operations in tomato seed production, and is a
good half of the total work of pollination. The
entire plant should be cleaned before emasculation
takes place by removing all fruit already set, bloom-
ing flowers and any abnormal flower buds. The
indeterminate type of tomato normally bears the
first flower cluster on the 8th-9th node, and
succeeding clusters every third node. However, the
bearing position of the flower clusters not only
varies according to the variety, but is also affected
by the environment. The number of flowers per
cluster also varies, from 4-6 to 10-15 flowers. In
general, varieties with smnall fruit tend to bear more
flowers. Emasculationand pollination are normally
carried out from the first to the sixth cluster.

Each 0.1 ha(2,400-2,800 plants) requires 2.3
pollinators carrying out pollination continuously
for 4.5 weeks. The determinate type, with a more



concentrated flowering period, will have a lot inore
flowers for pollinatic 1 and will require 3-4 pollina-
tors to pollinate the same area; however, vollination
vill be completed within a shorter period,
Pollinaters normnally select the best flowers
for pollination and remove small or deformad
flowers, since seed yield is positively correlated
with fuit size. Flower buds should be emasculated
one or two days before they bloony, Emasculating
buds oo early will damage the ovary, cinsing
pollinated flowers todrop. 1 they are emaseulated
tow late, there is a danger of selting, and production
of seed with alow level of hybndity. Ttis also ver ¥
important to check the plants carefully, and re-
move any suspected of being oft type, Male parent
plants in particular should be closely mspeeted for
feaf color and shape, ete and all off wype plants

uprooted before any pollen is collected.,

Pollen Coltection

Male plants are normally planted in the cor-
ners of the tield in which female plants are growing,
Pollen collection may use @ pollen vibrator to col-
tect directly from male plants, or the pollen may
be collected from the anthers of picked and dried
flowers. In the latter method, the flower anthers
are picked and desiceated with quicklime in an
airtight container vvernight, then shaken to remove
the pollen for collection.

In pollination, the little finger of the right
hand should be used to apply pollen lightly twe or
three times onto the stigma of a fully open emascu-
lated flower.

After each flower is poliinated, a small pair
of scissors should be used to cut the flower sepals
as a marker. Emasculation may be carried out in
cloudy or rainy weather, but pollen collection and
pollination should take place only on sunny days;
if pollination takes place on rainy days, fruit set
and seed yield will be much lower. Fortunately,
the period during which the tomato stigma 1
receptive to pollen is rather long, two or three days
after blooming. Hence, it is better to wait for a
fine day for pollination than conduct pollination
in rainy weather. Extra pollen may be stored In

paraffin bags in 4 desiccated can or jar for the next
day's use. However, it is best to use fresh pollen
collected the sane day for good fertilization, and
for better fruitset and higher seed yield,

Normilly, polien collection and pollination
15 conducted in the morning, and the worker then
switches to emasculation for tire rest of the day.
This work will continue for 4-5 weeks, to complete
the pollination of 5-6 clusters per plant. In each
cluster, small fruited varieties will have 8-10 fruit,
while a large fruited variety will have only 3-4 fruit.
Total fruit number per plant for smail fruited vari-
cties 1s about 40-50, while large fruited varities
have 16-20 fruit.

Care of Plants after Pollination

After pollination is completed, the stemn
should be pinched off at a point one leaf above the
top pollinated cluster. Several times after pollina-
tion all side shoots should be removed from the
plant, to prevent it trom bearing open-pollinated
fruit on new shoats, or producing new flowers on

the tips of pollinated clusters.
Harvesting, Processing and Drying of Seed

All fruit on the plant should be allowed to
turn fully red. Before picking, each fruit should
be carefully checked to make sure it has the marker
of cut sepals. Tomato fruit take 50-55 days to
mature after pollination, but maturity could be
delayed by 5-7 days if temperatures are low during
the maturing stage. Tomatoes after harvest are
stored for one week for full ripening. For small-
scale production, the fruit are then cut open and
the seeds and juice squeezed out into a container.
In recent years, small machine seed extractors have
been available, and are commonly used to crush
the whole fruit and separate the pulp from the
seeds and juice automatically. Seeds are stored
with the juice in a plastic tub, for one or tvio days’
fermention. They are then placed in a sieve and
washed with tap water to remove all the flesh, skin
and gelatin from the surface of the seeds. After
washing, the seeds are put in nylon bags and dried
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in a centrifuge machine. They are then spread out
to dry in the sun on a nylon net. The seeds should
be stirred once when they are hall dry, so they will
not form a havd clump. They dry in one day in
fine sunny weather. /At night, the sceds should be
put in a plastic bag, so they de not absorb moisture
again from the air. The seeds should be dried for a
few more days, to bring the moisture content below
7Y%, The dry seeds are ten cleanced by running
them through a sead separator, to remove any that

are too hght or ton smatl
Conurol of Diseases and Insect Pests
Canker

To control canker uisease, seeds should be
disinfected by soaking them in warm water (55°C)
for 25 minutes, or seedlings should be soaked in
1/800 Nobopionin sohition for 10-12 hours before
Ceaasplantng. Plants should be carefully examined
for conker atan carly stage, and any infected plancs

destroye! to prevent the sproad of the disease.
Blight

This disease is likely to occur after abnormal
and marked changes in temperature. Prevention
by property timed spraying with Maneh Dithenc,
Daconil, Pordeau 4-2 mixture or copper hydrate
solution, at 500 liters per 0.1 ha, can control this

disease.
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Table 2 Approximale amount of open pollinated vegetable seeds produced

pec year in Thailand and the production sites

Crop Total seed production (mt/year)

Cucumber 80

Pea -

Pumpkin 3—4

Sweet corn 300

Tomato (porter) -

Watermelon 80

Water convolvulus 200 — 250

Yard fong bean 80

Produciion site

Chumporn (South)
Prachinburi (Middie)

Loam Sak (Northeas?)
Chiang Rai (upper Noi th)
Kamphaeng Phet (Jower North)
Nakhon Sawan (lower North)
Nakhon Sithammarat (South)
Ratchabur (Middle)
Kanchanabuiy (Middic)
Ratchaburi (Middle)
{Northeast and lower North)
Suphanbui (Middle)

Nakhon Pathom (Mjddie)
Phetchabun (lower North)
Nakhon Savan (Jlower Nor th)

Table 3 Import of particular kinds of vegetable seeds of Thailand 1983 - 1984

Quantity

a. Cucurbitaceae
Cucumber
Watermelon

b. Cruciferar
Brocecoli
Cabhage
Cauiiflower
Chinese cabbage
Cninese kala
Chinese radish
LLeaf mustard
Pak choi

¢. Solanaceae
Pepper
Tomato

d. Other families

Chinese convolvulus
Lettuce
Onion

Pea

Sweet corn

1983
{mt)

0.01

pu—

14.14
34.29
11.06

9.81

0.63
1.20
10.00

60.93
0.14

Value

(1JS$1,000)

0.11

14.46
37.12

164,99

32.12
0.26

1984

Quantity Value

(mt) (US%$1,000)
33.18 0.37
20.70 176.37
0.40 28.85
7.82 381.98
8.91 173.67
69.58 354.56
149,93 259.80
69.41 213.30
32.67 88.36
69.95 92.48
0.91 17,42
2.53 71.49
127.32 152.36
3.22 28.75
3.43 129.61
104.12 66.94
2.14

0.24

* No data available
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Fig. 1 Seed yield of Chinese radish at different locations and planting dates (figures in parentheses
indicate altitude in meters above .ea level, names are locations in Chiang Mai, Thailand)

Fig. £ Chinese cabbage seedlings being transplanted into paddy fields for seed production
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Fia. 3 Seed production of Chinese cablxage 1s bigher in the highlands

seed vyields in lettuce (Table 4) and leaf mustard
(Table 5)'-.
supplement applied to the foliage of the plants

Using 1 complete micronutrient

should benefit seed production.

Tabie 4 Influence of micronutrients on seed
yield of lettuce, tested at Hoay Luk
Station (500 meters above sea level)

Treatment Seed y:eld (g/pot)

Control 6.7
Check (NPK) 7.7
Complete 13.9
-~Mg 5.1
--Fe 4.0
—Mn 14.8
-Zn 14.5
—Cu 12.8
—B 11.9
-~Mo 12.8
L.5.D.05 3.3

Fable 5 Influence ot micronutrients on seed

yield of leaf mustard, tested at Hoay

Luk, Inthanon and Mae Hae which have

altitudes of 600, 1,200, and 1,200

melers above sea level, respectively
Seed yield (g/pot)

Treaiment T
Hoay Mae
Uk tnthanon Hae
Control 0.9 1.9 0.8
Check (NPK) 1.8 26.2 15.6
Complete 3.0 26.4 16.1
-—-Mg 1.7 20.1 8.5
—Fe 1.6 27.6 12.1
—Mn 2.6 23.9 12.7
—Zn 2.2 27.6 12.2
—Cu 2.8 22.8 12.5
—B 2.3 20.9 13.9
—Mo 2.2 25.9 14.2
L..5.D.05 1 5.4 4.8
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A breeding program, selecting suitable
varieties of lcttuce, leal mustard, sweet corn,
Chinese radish, Chinese cabbage and tomato
has introduced varieties of these vegetables from
different countrics for scicening at experimental
sites.  Afler selection, they will be used for
varietal imprcvernent.

Two lettuce varieties, King Crown from
the Sakata Company and Great Lake 659 from
the Royal Sluis Company, were sclected as high
Thai R

However, King Crown was subsequently found

yielding varieties under conditions
to be sensitive to tipburn in the suminer and
rainy season. Tipburn is the most serious problem
of lettuce growers in tropical counirics.

Fy hybrid sweet corn varieties introduced

from Japan, the United States, Taiwan and
Europe niostly gave good yields but were poor
in kerne! taste’”+*. The Sucro variety from

the United States was the best'®. The extraction
of inbred lines from commercial hybiid varieties
for F,
and these lines compared with the local sweet
variety, Super Sweet DMR (Table 6).

hybrid production was carried out'!,

Sonie
of the hybrids performed well, and had a better

Table 6 Yields and horticultural characteristics of 10 hybrids

tested at Chiang Mai University

Variety Yield! Heighl Sweelness®
(rmt/ha) {cm)

Hybrid No.3 22.4 140 3.4
Hybrid No.7 16.3 152 3.1
Hybrid No.24 21.3 160 3.2
Hybrid No.2% 20.3 160 3.5
Hykrid No.30 19.5 165 3.0
Hybrid Mo.37 25.5 150 3.2
Hybrid No.6 1 20.0 170 3.1
tlybrid No.63 16.5 157 3.2
Hybrid No.68 21.0 162 3.1
Hybrid No.90 18.7 155 4.0

175 2.6

Super Sweet DMR 15.2

P reshoweipht inctuding husks

taste than the local variety. The most serious
pest problem for Thailand's corn growers is the
southern corn blight, caused by Helminthosporium

maydis, to which imported varieties are always

susceptible,
Many inbred lines of Chinese radish and
Chinese cabbage have heen produced from

commercial and noncommercial varieties using
bud pollination techniques”. Fy hyorid varieties
will be developed from these inbred lines. Chinese
cabbage inbred lines have been selected for their
vernalization requirement”, and for their level
of sell incompatibility using seed set analysis”
and fluorescence techniques®. Two inbred lines
of Chinese cabbage, T-1-7-1 and C-2.7-5, from
the Asian Vegetable Research and Development
Center (AVRDC), had a low temperature require-
ment of only 12-15 days (Figs. 4 and 5). These
two lines are parental material of one hybrid
variety which performed well in tests at Chiang
Mai University. T-1.7-1 required more vernaliza-
tion than C-2-7-5, but synchronization studies
showed that 20 days of vernalization at 5~

10°C under continuous light was effective in

synchronizing the two inbred lines”. The use
ana Super Sweet DMR,
Cob Tip tength
length W[ilh()l‘l)t Kernel ,ROW
row straightness
(cm) kernel (cm)
20.6 3.6 15 Moderate
20.0 2.3 14 Moderate
22.9 1.3 14 Good
23.1 1.7 14 Good
20.1 4.3 14 Moderate
20.2 1.0 15 Good
20.8 2.1 13 Moderate
21.6 2.2 14 Moderate
20.5 2.7 14 Moderate
18.3 4.1 14 Moderate
21.1 2.6 14 Good

2 Sweetness rating: 1 = not sweet: 4 = very sweet
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Fig. 4 Influence of vernalization on days to flower of inhred line C-2-7-5
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Fig. 5 Influence of vernalization on days to flower of inbred line T-1-7-1
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of gibberellic acid and Alar to stimulate or delay
flowering without low temperature vernalization
was not effective for these 1nbred lines.

Chiang Mai
breeding program in consultation with Dr. M.

University is conducting a
Allen Stevens of FAO, for varietal improvement
High yield, good fruit
quality and diseasc resistance are the breeding

of processing tomatces.

targets. Tomato yield in Thailand is low compared
to other tropical countsies. Bacterial wilt, yellow
leaf curl and late blight are major disease pests,
heat

and also varieties in current use lack

tolerance.  Development of the tomato industry

iIs hindered by a poor crop production and

extension program,
POSTHARVEST HANDLING

Postharvest  handling  of some open

pollinated seed produced in Thailand is not
standardized.
is traded locally, and packaging does not control
Often

percentage  are

A large proportion of this seed

moisture content. genetic purity and

Only
companies  is

germination unreliable.

the seed purchased by seed

properly packaged for distribution. In Thailand,
the infrastructure for control and improvement
of wvegetable sced production and distribution
Is lacking at both a farm and 2 government level.
Extension

The Departiment  of  Aupricultural

Seed Division, under o program of vegeable
seed production and posthaivest handling of secd,
has established a well-equipped seed processing
plant.  However, its scope does not extend to
Improve already existing seed production. An
effective infrastructure to organize seed preduc-

tion and postharvest handling is essential.
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Q.

DISCUSSION

(D.J. Murphy)
What potato varieties are recommended for planting in Sanupancpam in Northwe,t Thailand?

A variety from the Netherlands is being used. It is not ideal for processing, but is good for eating
fresh. We tried introducing varieties such as S. hurpank from the United States, but have difficulty
in producing these varieties here. Di. Tongchar Tonguthaisri is e head of the potato project for

the Royal King's Project

(B. Rowell)

Much of the work you presented on sweet corn, pep. ers, tomato and Chinese cabbage seems to
be concerned with the development of I\ hybrids. Is this emphasis because the hybrid seed is
more profitabie to the farmers who produce seed, or because it has been determined that the
hybrids provide a better return, o yield advantage that justifies the extra cost for the vegetable
qrowers?

This Is not my work, but rather a report on the work carried out by the seced companies, who are
working on both open pollinated and I, hybrid varieties. Growers can get benefit from the I,

varictics, but so far these are not widely distributed here in Thailand.

In F; tomato hybnd seed production in Thailand there is a problem of a low germination rate of less
than 85%.
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PROSPECTS OIF ONION SEED PRODUCTION IN TAIWAN

Woo-Nang Chang'/, Y. H. Chang, A. Y. Su and F. Y. Kuo?¥/
Food Crop Agronomist

Food and Fertilizer Technology Center

for the Asian and Pacitic Region
5th Floor, 1-4 Wenchow St Taiper, Taiwan R.O.LC,
?/Dept. of Horticulture, National Chung Hsing University
Tarchung, Taiwan R.O.C.

INTRODUCTION

In Taiwan, the cultivation of many onion
cultivars is constrained by limits of temperature
and day length; bulbing types require specific
day lengths to initiate bulbing™+”  Alhough
Taiwan's subtropic location 15 not ideal, the
onion cultivars Early Grano and Excel Bermuda
have now been grown successfully for more
than thirty years. These cultivars were introduced
to Taiwan by the Joint Commission on Rural
Reconstruction  (now  Council of Agriculture)
and the Taiwan Provincial  Department  of
Agriculture and Foresay in 1952,

After thirty years, improved onion pro-
duction in Taiwan is still being hindered by
the lack of cultivars adapted to the subtropic
climate in terms of both horticultural and bulb
storage characteristics.  Onion losses cannot be
prevented entirely, but it should be possible to
select  better adapted cultivars and  improve
cultivation techniques, to reduce losses in both
seed and bulb production.

ONION CULTIVATION AND
BREEDING

Records of early onion cultivation in Taiwan
at the Taipei District Agricultural Improvement
Station in 1933 show that the plants failed to
form bulbs. However, the introduction of Early
Grano and Excel Bermuda cultivars in 1952
changed Taiwan from an importer to an exporter

of onions. Onions for consumption as mature
bulbs are grown mainly in the southern prefectures
of the island, on an average area of 1000 ha each
year'? (Table 1).

lable 1 Onion production in Taiwan 1978 —

1985'7
Planted i Yield Value
Yoar arca Production per ha (1000
hay ™ (k) US$)
1978 1044 38,120 36,515 4,069
79 810 25,659 31,684 3,201
80 1173 42,032 35,840 5,243
81 835 30,021 35,970 4,503
82 1102 40,346 36,600 6,909
83 960 22,670 23,615 1,700
84 911 37,788 41,479 6,707
85 980 33,001 33,674 4,950

Soree: Year Book of Agriculture, PDAE (1986)

Prior to 1952, there were 7,500 mt of
onions imported into Taiwan each year. Export
commenced in 1954, and in recent years onions
have become one of the mast important export
vegetables in Taiwan (Table 2).

Taiwan's initial breeding program con-
centrated on the selection of cultivars. More
than one hundred cultivars were introduced
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Table 2 Exported volume and value of onions.

Vear Coxptrty, Price Value
Car (Y US$H/20kg) (1000 US$)
19/8 1848 4.84 4,481
79 1432 5.80 4,153
80 1426 3.8% 2,745
81 2434 7.12 8,605
82 2168 7.00 7,88
83 786 3.18 1,250
84 2496 6.60 8,237
85 1684 5.95 5,010
86
; - "
{up to April) 872 3.15 1,373
Source:  Tatwan Provincial Farmer  Association  Data

t1986)

and tested  for adaptability to the subwopic
climate.  They included Texas Early Grano, San
Joaquin, Yellow Globe, Yellow Granex Hybrid,
Excel Bermuda, Yellow Dessex, White Almo,
LEarty Locker Brown, Red Creole, Rexd Acacia,
Red  Tropicana, Early Top, Henry's Special,
Yellow Creole, Early Supreme, Buwgunda, Ring
Gold, Granex, Dehydrator 2, Dehydrator 3,
Dehydrator 4, Dehydrator 6, Dehydrator 8, and
others, At local experimental stations continuous
selection has been carried out for cultivars with
superior horticultural qualities of uniformity in
appearance, early maturity and good bulb keeping
quality. However, only a few introduced cultivars,
Texas Early Grano, Ring Gold and Granex, have
been selented as suitable for release to farmers.

Of ihe locally developed cultivars, Tainan
No. I, developed by the Tainan District Agricul
tural Improvement Station, was the first released.
Derived by crossing Red Creole and Early Grano
in 1959, followad by selection of progeny from
seven gencrations, it was released after testing in
1975, Itis a cultivar with a straw colored, flattened
bulb which, although it matures o weeks later
than Texas Farly Grano and Granex, has superior
bulb keeping quality in storage to compensate.

The two other local cultivars are Tainan
Selection No. 2 and Tainan Selection No. 3. The

former was released by Taiwan District Agriculture
Improvement Station in 1975, and the latter by
the Fengshan Tropical Horticultural Experiment
Station in 1985.

ONION SEED PRODUCTION

Two methods, seedto-seed and bulb-to-seed,
can be used in onion seed production”. Onion, a
biennial plant, produces a bulb in one year and seed
in the next. A period of winter chilling, vernaliza-
tion, is required to initiate flower stalk develop-
ment  Because of Taiwan's relatively warm winter,
onion seed can only be praduced by the bulb-to-
sced method. For this. mother bulbs are harvested
in Apriland then kept at room (ambient) tempera
ture in shelf storage for 3 4 months. Cold
storage at O 5 C for two months follows, after
which the mather bulbs are planted in the field
and cultivated in the same way as commercial bub
crops.  Tainan No. 1 is the only cultivar used in
seed production. Seed production 1 carvied out in

comnercial bulb production areas.

FACTORS AFFECTING KEEPING
QUALITY IN ONION

The keeping quality of onions in storage
varies greatly between different cultivars® !0
(Table 3).

bulbs is seen to increase over six months storage,

In Tab'e 3, the incidence of rotten

with a signiticant difference in rotting rates
between cultivars,  After one to six nonths
storage, the average percentage of rotten bulbs
increased from 0% 1o 27.6%, 40.0%, 57.2%,
68.4% and finally 76.0%. The rate of increase was
highest during the first three months. The worst
of the cultivars tested for storage was Red Creole,
with 50% of bulbs rotten at the end of two months,
while the cultivars Granex, Texas Early Crano 502
and White Creole reached this proportion of rotten
bulbs only after four months, and Tainan No. 1 had
only 32% rotten bulbs after six months storage.

Storage temperature can affect the keeping
quality of onion. Fig. 1 and Fig. 2 indicate
the percentage of rotted and sprouted bulbs
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Table 3

Date
Tainan no.

May 1 Oak
Jun. 1 69
Jul. 1 129
Aug. 1 18"
Sep. | 224
Oct. 1 328

Incidence of rotten buibs in stored enions of different cultivars.
Onions were stored at room temperature fer six months

Cuttivar

Texas early

1 Granex grano 507 Red creole White creole Ave
OL\ Ofl Oa Oa Oa
22° 229 50° 38? 27.6"
38° ag? 64° 44° 40.0°
56 78b 74P 60P 57.2¢
66P gab 76P g4 68.44¢
740 94 goP 100" 76.0°

'oAny mean, within cach column, followed by the same letter is not significantly dirferent at the 5 level.
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Fig. 2 FEffect of temperature on incidence of
Fig. 1 Effect of temperature on incidence of sprouting in stored onion bulbs of three
rotten onions in stoied lots over time cultivars
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of onion cultivars, Texas Early Grano 502, Granex
and Tainan No. 1 kept at 10°C, 30"C and room
temperature.  Tainan No. 1 had much the best
Keeping quality, with less rot or tendericy to
sprout at all temperatwes. Within the tempera-
ture tested, Tainan No. 1

than 10% rotten bulbs in all lots after six months'

range recorded luss

storage. However, Granex and Texas Grano

502

than at either

more readily at room
10 C or 50 C.
lots

rotted temperature
The percentages
of rotten bulbs in stored for six months
at 10°C, room temperature and 30 C, respecively
were 4.4%, 100% and 67 for Farly Grano 502,
and 13.0%, 89.0% and 40.0%. for Cranex. Taman
Me. 1 also had better keeping qualdity with respect

to sprouting.  Almost no loss due to sprouting

Tainan No. ]

Period of Curing (307C)

was recorded in the lot stored at 30°C for six
months. Al three cultivars had the highest per-
centage of sprouting in lots stored at 10°C, but
was lowest in Tainan No. |, increasing in Texas
Early Grano 502 to the highest incidence of sprout-
ing in stored Granex bulbs,

Curing can remove excess moisture from
the outer skin and neck of the onion, and thus
reduce losses due to rotting® (Figure 3).  Arti-
ficial curing at 38 C for 72hr and 120hr signi-
ficantly reduced the percentage of rotted bulbs
No. 1

when

m  ‘Tainan . but had lIess effeet on

Granex the bulbs were cured for

1200y
Changes

ever

the bulb constituents

time for three cultivars are shown in Fig. 4. Tainan

in over

O 0 hy
20 1= ® on
A 72 hr /O
10 A 1o0n o _——0 o
/ //_\\
A A AT A & =—_ 4
0 —{l
100 |-
2 Granex O
a Period of Curing (3OOC) /0
8 80 |- O o ///L\
(g ° 24 hr O//
- 29 hn A
S 60 /A -
A 72t /
A 1200 o s
40 - /.ﬁ\ A
/0 /
JAN
/
20 |- A
0 4" 1 I | |
1 2 3 4 5 6

n =50
4 replications

No. months in storage

Fig. 3 Effect of curing on hulb rotting in storage
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No. 1 bulbs had a higher dry matter and pyruvic
acid content and were firmer than bulbs of either
Texas Early Grano 502 or Granex, but were
lower in reducing sugars and nitrogen content.
Changes in constituents and physical charac-
teristics in bulbs of the three cultivars showed
similar trends during the period of storage. Dry
and  reducing content

content sugar

while bulb firmness decreased with

matter
increased,
time. Pyruvic acid and nitrogen content initially
increased, then declined after three months of
storage.

4 X
Many workerg- "+ !"!

have associated
poor keeping quality in cultivacs with hulbs which
have a low dry matter content, a high relative
rate of water loss and a high total water loss.
This is especially the case if water loss occurs
in the period immediately after harvest, when
shrivelling, softening and loss of bulb weight
may oc.ur.  Such cultivirs are more susceptible
to sterage rot and sprouting. It has heen noticed

that the more varieties, like Tainan

No. |,
generally keep better.

pungent

with a higher pyruvic acid content,

AFFFECTING SEED
IN ONION

FACTORS
PRODUCTION

finproving Bulb Keeping Quality

In situations where bulb loss is more than
50% in storage, sced production is not economical.
Loss due to sprouting can be reduced by pre-
harvest spraying with MH-30 (active ingredient
maleic hydrazine), and this practice has been
incorporated into commercial onion production
in many parts of the world -*-*"-*' MH-30
reduces the respiration of the bulb by suppressing
the activity of dechydrogenase, and has been
proven effective and safe since il came into use
in 1950. MH-30 sprayed on Tainan No. 1 onion
plants two weeks prior to harvest significantly
the incidence of sprouting in bulbs
After six months of

reduced
during storage (Table 4).
storage al room temperature, the incidence of
bulb sprouting in Tainan No. 1 onions was 22.1%,



Table 4 Fffect of preharvest foliar spray MH-30 on incidence of sprouting (%) in onions

No. months in storage

MH.-30
Dm
(ppm) | 5 3
0 0d* 0? 12.1°
1000 0? o? 9.5P
2500 o 0° 214

e Average

4 ] 6
4.3 a1.g4 54.3¢ 22.08?
17.5° 26.0 37.5° 15.08"
3.4 8.4P¢ 11.5¢ 4.23¢

oA mean, within cach row ot colun, followed by the same jeter is ot sipniticanty ditterent at the 577 level

Cultivar: Tainan No, [, Storage Commenced April |

15.1% and 4.2% when sprayed with concentra-
tions of 0, 1000 and 2,500 ppm MH-%0 solution,
respectively.

Though MH is useful in the commercial
production of onicns for consumption, it cannot
be used on bulbs intended for sced production.
Other plant growih requlators are now  being
investiga'ed for this purpose (Palles 5 and H).
Neither CAL nor ABA reatients reduced  the
incidence of sprouting in stored bulbs:  on the
contrary, bulbs treated  with 100 ppm GA
showed an increased sprouting rate, with 43%

Table 5 Ettect of different plant growtn regulator
treatment on incidence (%) of otling
in onions

No. months in storage
Growth

requlator

0 (Control) 13 23 34 60 93

100 ppm GA, 17 37 53 60 77

3 7 23 37 50

0
0

100 ppm ABA 0 13 27 40 50 67
200 ppm M, 0
0

ABA + My 13 17 27 33 43

Cultivar: Tainan No. 1. Storage Commenced April |
N =30
4 Replications

of bulbs sprouted after six months’ storage com-
pared with a 17% incidence in the conuols,

GAy and ABA had no significant effect
on the incidence of rotten buibs in the first five
months of storage. Their effect on longer term
storaye may necd turther research, MH remaing
the ounly  plant growth requlator consistently
effective  in reduciny sprouting and - rotting in
stored onmions. Cultivars that do not keep well
in storage cannot be inproved to the level of
Tainan Ne. | cultivars by exogenous gqrowth

regulator treatment.

Table 6 Effect of different plant growth requlator
treatments on incidence (%) of rotting
inonions

No. months in storage
Growth J
requlator
4 5 6

0 {Control) 0O 3 3 10 13 17

100 ppin GA, 7 13 23 37 43
100 ppin ABA 0 0 10 13

200 pp.n MH;,

o o o o
© o o
o
=}
w
~J

ABA = MEL

Cultivar: Tainan No. o Storage Commenced April |
N =30
4 Replicatians



Bulh Weight aud Number of Flower Stalks

The greater the number of sced flower
stalks produced by the onion plant, the more
seeds harvested'’. A correlation exists between
mother bulb weight and the number of flower
stalks  produced per butb (Table 7). In ecach
given weight group, 100 bulbs were dissecred
Lo assess the average number of potentiad flower
buds per bulb at that weight.  As bulb weight
increased from 100 to 250 4, the average number
of potential flower buds mereased from .11
to 5.18. Not all buds develop mto flower stalks

in the field. The average flower “aik production

Table 7 Effect of buth wewght on namber of

flower buds and stalks

Buib wi. No. Hower No. Flower
{9) buds stalks
> 100 3.11 2.2
100~ 150 4.15 2.3
150 - 200 5.05 2.7
200 - 250 5.18 3.5

Cultivar: Tainan No, |

Low Temperature Storage of Onion Bulbs

PR have reported

Boswell and others'
that the temperature at which bulbs are stored
significantly — affects  seed  stalk development
in onion. In Taiwan, rescarch has been carried
out on the effect of the length of the cold storage
period on onion flower stalk production, in
cultivar Tainan No. 1 (Table 9)°. With no period
of cold storage, tne plants produced insignifican
nimbers of flower stalks.  With a four week
period at 9°C, the plants had 80% bolting and

produced an average of 1.9 flower stalks per

- 17

per bulb for each of the weight gqroups 100,
150, 200, and 250 ¢ were 2.2, 2.3, 2.7, and
3.5, respectively.

The effect of bulb weight on seed produc-
tion is shown in Tabie 8. Bulb weight does not
usually affect the avmber of days from planting
to bolting, which ranged between 28 and 29
days for the whole 100 g to 250 g bulb weight
range.  Since the number of flower stalks signi-
ficantly affects the final yield in seed production,
lighter bulbs produced less seed yield per plant.
Results indicated that seed yield increased from
286 kg per ha from 100 g bulbs to 737 kg per
ha from 250 ¢ bulbs.

Fable 8 Eftect of bulh weight on seed production

No. ot
Wt of
Bulb wi. Daysto flowe Yield
seed pen
(9) bolting statks kg/ha
plant
per bulb
100 28.0 2.2 2.9 286
150 28.0 2.3 3.8 376
200 29.0 2.7 4,7 471
250 29.0 3.5 7.4 733

Cultivar: ‘Tainan No, |

plant. Eight and twelve week periods at 9°C
increased bolting te 97% and 100%, respectively,
and average flower stalk production to 3.5 per
plant overall.  Differences between the eight
and twelve wezk storage periods in terms of
the number of days to bolting, bolting percen-
tages and numbers of flower stalks ver plant
were not significant.  Eichi weeks of low tem-
perature storage were thus considered sufficient to
induce flower bud ‘nitiation. However, results
also showed that average {ruit-set was less than
50%, which would be a major factor causing

low sced yield.



Table 9 Effect of low temperature storage on
seed production

9°C Bolting Days to No. Fruit set
(wks) (%)  bolting F1 stalks (%)

0 7 60 0.1° 52
4 80 44 1.4 33
8 97 36 3.5 46
12 100 34 3.5 45

Cultivar: Tainan No. |
N= 100 (4 plots, 25 plants per plot)

Stimulation of Root Development and Growih

Studies of Tainan No. 1 onion cultivars
grown for seed production have shown a reduc-

tion of 75% in both foliage and root growth
in the late growing stage. Attempts were made
to promote root growth bv IBA treatment,
and study the effect of this on seed produc-
tion". The first two weeks after IBA treatment
proved to be a latent period with respect to
root growth promotion,. However, treated
bulbs showed better development in both
roots and foliage one month after treatment
(Figure 5), and an overall increase at the
end of the growth period. No significant
difference in seed yield was observed between
treated onions and controls,

PROSPECTS FOR ONION SEED
PRODUCTICN IN TAJWAN

If every onjon flower produces its

Fig. 5 Effect of IBA treatment on root development and growth
A) Control, B) 2.5mg, C)5.0 mg D} 7.5 mg
Cutltivar: Tainan No. 1
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maximum of six seeds and the field is saturated

with umbels, tl:ie theoretical maximum onion

seed yield could reach 4510 kg/ha.
the average yiel! for most open pollinated onion

In California,

varieties under good management is approximately
1100 ikg/ha.

yield obtained
400 kg/ha, only one third of the United States
seed yield and less than one tenth of the theo:

However, in Taiwan the average

from Tainan No. 1 is less than

retical maximum.

Genetic, environmental and cultural factors
may be causing the low seed yield i Taiwan.
Tainan No. 1 has a low frun set rate, and the
poor keepine qualities of other varieues in the
humid subtrovics v o major consaaint 1o their
use for seee pooduction. On the other hand,
Taiwan has a hion bulb prodvction of 40 mt/ha,
some ioss of bulb:

which compensates for

storage.  Chemical, physical and  physiologa.-

reducing  bulb loss in storage are
Cultural

mechods of
being stuciesd. practices or fartilizer
and moistore control are also being attempted
in Talwan, to improve. postharvest bulb keeping
quality, but the most successful means of doing
this so far has been cuitivar selection ard improve:
ment.

Wil a view to seed production, attempts
have been made to increase bolting percentage,
number of flowering stalks, number of flowers
per umbel and fruit-set over the past ten years.
Bulb keeping quality 15 fnaportant in improving
cultivar selection 15 also

seed vy.eld, and tous

important.  The present secd yield is low in
Taiwan, but there is great potential for improve-

ment in the near futu-e.
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DISCUSSION

(W. Kongpolprom)

Before harvesting the onion bulbs for onion seed production, it is necessary that they are quite dry.

How dry do they need to be?

In seed production the farmers are generally using field curing of the mother bulbs and do not actually

measure the dry matter percentage, but our tests show it is around 12%,

(W. Kongpolprom)

In the vernalization process, what is the temperature and period of treatment for the onion bulbs?

The cold storage facilities are rented by the month to farmers, <o they simply treat the mother bulbs

for two months, which period is adcguate at 2°C.

There are two iy pes of cold storage facilities available to onion growers in Taiwan, one is the ammoni-

um system and the other the freon system. They have found that the freon system produces more

flower stalks in the rield.
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THE ROLE OF IMPROVED VEGETABLE SEEDS
IN THE DEVELOPMENT OF THE VEGETABLE INDUSTRY
OF SOUTHEAST ASIA

Simon N, Groot#
East-West Sced Co., 1.td.
5/26 Saladaeng Road, Silom
Bangkok 10500, Thailand

GEMNERAL BACKGROUND

The economic history of markind may
be characterized by continuous domestication
and cdaptation to constraints.  The same can
be said about the hitiorr of agricultuie and
more  socently  horticulture. The bronndaries
of hordculture are nov always drinct. The
original mearing of o Latin word is ‘farming
in an enclosed area’.  From an economic point
of wiew, it appears useful to define horticulture
as the farming of plant crops with a relatively
high added value. This would olviously include
vegetables and fruits.

What arc lUie wwost pressing constraints
in agriculture in Southeast Asia for today and
tomoirrow”

Iany disenssions at an international level
focus on population growih, shortage of food,
nutritional deficiencies and poverty, or in the
language of eronomists, lack of buying power.
There seems 1o be a growing consensus that
these problems are interrelated and that the
only solution is to make more cfficient use of
the farmland now available. An advertising
slogan of an Americii Seed Company sums
it up neatly.

“Helping farmers to get more from every
acre’’

* Paper presented by Simon de Hoot, East-West Seed Co., Lid,

We will leave the wide vistas of the macro-
cconomic analysis and also the production cof
commodity food crops such as rice, corn, soybcan
and edible oil, since on a worldwide «.ale thase
are now in oversupply and farmers are losing
money with these crops  This could be a blessing
in disymse. since it will focus more attention

on the high-value, or horticultural, crops.

VEGETABLE PRODUCTION
AND PLANT BREEDING

Vegetable farming in most situations shows
the importance of domestication and adaptaticn
to constraints.

Many vegetables came from somewhere
else and had to be adapted. This adaptation
process is not a single phagse affair, but is a
continuous development of adaptitions to new
requirements.

Some of these requirements are:

Seasonal Adapration

In the temperate countries this usually
means adaptation to early and late season pruduc-
tion. In the tropics, it may mean adaptation
to hot and dry, or rainy season, conditions of
the lowlands.

The seed industry in Holland helped to
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develop year round lettuce production in qgreen-
houses by hreeding varieties for months with
a very short day length.  In Japan, the secason
for harvesting fresh cabbaage was extended from
six to ten months by devel ;ang sewable varieties.

In the tropics, a gyood start ..as been made
with hybrid cabbage and Chinese cabbage for
heat  ctress  conditions. In  caulifiower, the
mirouaction of the beat olerant short eycle
varicty Pame ron India is now being followed
up by the development of improved  hybrid
and open pollinated varieties from Taiwan and

Japan
Sy g7 )
Reproduciion Adapiation

Sirce  many vegetables  are  introduced
fram somewhere clse, seed production, especially
of blannual seed crops, can give problems
When Chinese cabbage was introduced o Japan
from China and Korea in the period 1890
1920, it tock 10

varietes jor czal ceproduction and learn how

20 yrars o develop the vight
w0 poduce seed, Dro Shinohara gives good
examples of other crops in his books . Japan
has always had o strong motivation 1 grow
its own seed, and not depend on other countries

for avital ink in i food production.
Discase Adaptation

Plant d.scases and insects have slways been

major - constraints i vegetable  production,

espectally in tropical countries.  Plant breeding
for geneuc diserse resistance has made  great
progress in the developed conntries during the

last 20 years. However  tungt,  bacteria and
viruses may mutate and  bLecome  tolerant to
chemicals, and the suaggle for adapiation s
continuous.  In the topics, madern agricultural
chemicals are helpung the fanners (at a substantial
cast) but there is a grear natapped potential
for disease resistance plant breeding in tropical
vegetables.  The work of AVRDC has shown
that it is possible to obtain high lev2is of genetic
tolerance to soil borne bacterial wilt in upland

tomatoes. In Chinese cabbage, the releases frem
AVRDC with tolerance to heat stress, and to
diseases such as soft rot and most strains of
turnip mosaic virus, should pave the way for
plant breeders to develop the right varieties
for their own local markets

It is encouraging that AVRDC will soon
start work on peppers. This program, to be
carried  ou¢ in cooperation with other plant-
breeders in Asia, should help to solve some of
the serious disease problems in this important
crop  of substantal economic importance, for
which the acreage in Thailand and  Indonesia
alone 1s estinated at 200,000 hectaes,

We may expect interesting releases from
public and  private breeding programs in the
Philippines in the near future of such cultivas
as yard dong beans with tolevance to rust and
virus, and  pumphian (Cucerbita nioschata) with

a4 high tolerance 1o virs
Product Quality: Ydupiation

Marlcet requirements are always changing,
and new vareties and production systems are
needed to meet these challenges.  Examples:
Post harvest quality
Vegetable shippers and dealers require better
shipping quality and longer shelf life.
Eyc-appeal gy
Supermarkets  require . more  uniformity,

meluding a more uniforin color,

Processing quality

Food processors require special characteristics
for every crop they handle.

The requirements of the emerging vegetable
processing industry in the Asian and Pacific region
will put a heavy claim on the skills and imagination
of our plant breeders and vegetable farmens.

The field for the ideal variety of tropical,
still wide
open. Temperate varicties do not have the right

dry season, processing tomato is
combination of high yield, high brix, good color
and discasc resistance.  F, hybrids appear to
have the best chance, since their obvious hybrid
vigor can overcome some of the adverse natural
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The recent AVRDC

releases in processing tomatoes seem to confirm

conditions in the tropics.

this concept.

In pickling 1ustord we need more unifor
mity. There is no suitable wopical pickling
cucumber yet.

In peppers, the large market for dried
hot peppers would benefit from improvements

in yield, dry matter and capsicine content.
Farming Svseem Adapration

This covers o wide area of “wming tech
nology, and includes the everlasting need -
farmers to increase thelr yield.

Good old yield improvement plant breeding
has given exeellent results in most countries fon
many crops, including tropical vice and corn, but
there is still a long way to go in trepical vegetables.

Intensive  upland farming of Kang Kong
(Ipomienca agreaiiea) as practised aronnd Bangkok,
mstead of the vaditnonal, Libor intensive harvesting
of aquatic Kang Kong from viver and canal banks.
15 one case which shows that new varieties can

affect a farming system,

PUBLIC AND PRIVATE PLANT
BREEDING

In the developed countries, with highly
developed  plantbresding activities, considerable
controversy has existed over the division of
wrik between public and private plant breeding,
the latter usually done by seed companies.

As a vesult, aitferent models have emerged,
some of which carry the marks of o political
background.

In Western kvope, England has a strong
cruphasis on public plant breeding and  thus
new varietices are mostly sold by o national seed
corporation. The mwodels of France and Holland
are somewhat similar.  The public plant breeding
institutes handle maostly basic or fundamental
research, and the seed companies the applied
plant breeding or comniercial variety development.
The main difference between these two countries

is that the Dutch seed industry and other vegetable
industry partners have a fair deqree of influencc
on the direction of the government programs,
This is not the case in France.

In the U.S AL, the division of work hetween
public and private interests 15 not formaljzed,
but informal patterns similar 1o those of France
and Holland have emerged.

I am not very familiar with the situation
in Japan, Korea and Taiwan. but it appears from
the outside thar effective interaction between
the public and  privaie sectors has developed
over the last S0 years.

In India, most of the plant breeding in
vegetables 1y controlled by the  government,
and private seed companies are mostly engaged
in seed production and marketing.

The key issie involved here is how best
10 develop new vaneties that are of interest to
the vegetable faroers and the vegetable buyers,

Commercial  plantbreeding has o strong
market  orientation, and has o come up with
varieties that will sell in order to swrvive. During
the last five years, T have scen many varieties
released iiom public breeding programs in South-
east Asia that have not found acceptance in the
market. The countrics of Southeast Asia will have
to reach a decision on which of the existing
models is the best tor the development of the
vegetable adustry. One criterion might be to
compare the rate of development of the vegetable
industry and the seed industry in cach country

with the model used in that counnry

FURTHER DEVELOPMENT OF
VEGETABLE PRODUCTION AND
trE SEED IMDUSTRY IN
SOUTHEAST ASIA
Historical trends in  demographic and
consumption patterns make it very likely that
the total population and the per capita consump-
tion of vegetables in Southeast /Asia will increase

during the next 25 years.
My colleague Leonard Ho from Taiwan,
at a FAO/DANIDA seminar in Bangkok last
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May, presented very interesting figures about
the development of vegetable consumption in
1980 period (Table 1).

They show the {ollowing increases over this 35

Taiwan during the 1945

year period:

a) Vegetable acreage 554%
b) Vegetable consumption per capita 242%
¢) Population increase 192%
d) Vegetable yield per hectare 64%

We may not expect quite the same pace
of deveiopment In Southeast Asia during the
next few decades.  The Chinese appear to have
a steenger nawaral affianty for vegetable consump
tion than most other peoples in Asla.

The following observations can be made:
J. The vegetable acreage of Thaland is 1oreasing.

Every week rice fields near Poanghok  are
converted to yedar-round vegetabie nroduction,
The recent low price for rice has oocouraged
this wrend,

2. The increase in the consumpton of vegetables,
fruits and animal protein per capita is strongly
correlated  with increases in spending, and
therefore linked tn overall cconomic develop-
ment.  We are entitled to some optimism
that economic growth in this part of the world

may continue.

Vegetable consumption patterns also vary
from country to country. Thais are fonder
of vegetables than the Filipinos, for example.
It is interesting to note that in Taiwan and
Japan the per capita consumption of vegetables
(130 kg per year) is higher than the consump-
tion of rice (100 120 kq).

. We must leave predictions of population

(&

growth to the demography experts.

4. The increase in yield per hectare is the coneerr

of vegetable farmers, plant breeders and seed
suppliers, the vegetable crop  esperts and
extension people.  Yield increases will improve
the farmer's income, provide more vegetable
volume to <ausfy the increasing demand and
therefore keep vegeiable prices at a 1easonable
level.

Remarkable  mmprovements in yield can be
made by developing new varieues with Letter
rainy  seasen  adaptadon, particularly in the
so called  fruic veqgetables of the solanaceous
and cucurbit families.

Experience in the developed countries shows
that the private seed industry, supported by
strong basic research programs of the govern-
ment, 1s in the best position to supply the high
quality seeds that the market needs. This is

Table 1 Vegelable production ard per capita corsumption in Taiwan

Per capita

Acreage Yield per ha Produc.aon Fopulation .
Year consumption
ha kg mi (1.000 persons)

kg
1,45 35,319 8,567 302,575 6,090 38
1951 78,601 7834 615,789 7,869 63
1956 81,859 8,190 670,460 9,390 58
1962 94,247 8,928 841,409 11,512 56
1965 108,808 8,898 968,159 12,028 57
1970 141,540 11,906 1,685,191 14,676 85
1975 187,381 11,881 2,226,308 16,150 110
1980 «. J77 14,038 17,805 130

3,224,849
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1.

Q.

after all a market economy. I don’t like the
word capitalism that Marx invented more than
100 years ago. Market economy is much better,
We need a few new varieties that will become

production in Asian region, FAO/DANIDA
Regional Seminar on fmproving the Perfor
manee of Seed Enterprises. Bangkok, Thailand,
12-16 May 1986.

successful.  This will give our plant breeders he 2. Shinohiara, 8. 1960, Guidehook jor Develop-
confidence to continue the never-ending battle ment of Veeetable Horiiculiure witli Capable
for better varieties. Accomplishment breeds con- Seed Production inthe Monsoon Subtropics.
fidence and cr.ofidence breeds accomplishniant, SANCEO, Tokyo, Japan. 218 pp.
3. Shinohara. 8. 1984, 'cwetanle Seod Prodie-
o Technologe ot dapan Fincidared with
REFERENCES Respective Taricoy Developwent Historics,
Particulars. Vol 1., SANCEO, Tokyo, Japan.
Ho, L. 1966. A private sector’s view on team 432 pp.
approach to promote seed supply and vegetable
DISCUSSION

(B. Rowell)
Mr. Groot, in discussing the ideal tomato variety for the tropical environment, states in his paper

“F; hybrids appear to have the best chance, since their obvious hybrid vigor can overcome some
of the natural adverse conditions of the tropics.”
Does the work with oper potlinated and F, hybrid vegetable varietics of the breeders present at

this meeting stpport this statement?

(R.T. Opena)
Tomato is a self pollinated crop, and hybridization response is nat as gncd as in other cross pollinated
crops. The existence of hybrid vigor in tom-to is mostly in the propaganda of seed companies.
You do get some, but not to the same extent as in cross pollinated crops. At AVvi NC we have
not looked at F| hybrid tomato varieties for the tropics.

(S. de Hoop)

Hybrids gencrally are more vigorous than open pollinated varieties. However, in California there
is a swing back (o the open pollinated varieties, but these conditions are alniost optimal for
growth, whereas in the tropics conditions are far from optimal and extra vigor is needed to provide
disease resistance and heat tolerance. Good processing tomatoes from open pollinated varieties

are stilt a long way from development.

(R.L. Villareal)
1 agree with Dr. Opena that there is no clear evidence of the advantage of F, hybrid tomatoes over

open pollinated varicties. If the seed companies can persuade the farmer of the advantage of F,
hybrids then the yrowers are dependent on the seed companies for seed, whereas with open

pollinated varicties *he farmers can use their own seeds,
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Thailand and the Philippines cach have 4 market for tomato send that is estimated at 3000 kg per
year. At the prevailing price of Us$25 kg for non hybrid seed, this does not offer much incentive
from & business point of view tc make substantial invesunents in commercial plant breeding of
non-hyhrid varieties.

On the other hani, it is widely acknowledged that major eftorts in improving heat tolerance and
disease resistance in tropical 1omato are needed.

In my opinion, the development of superior Fy hybrid tomatoes with high seed prices can bridge

the technical and economic requirements at the same time.
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POSTHARVEST PROBLEMS OF VEGETABLES IN THAILAND

Suraphong Kosiyachinda
Department of Horlicullure
Faculty of Agriculture, Kasetsart University

Bangkok 1090

INTRODUCTION

There are 20 kinds of vegetables listed by the
Department of Agriculture as consumed by Thai

people? :

shallot cabbage  Chinese mustard grecns
lettuce chilli Chinese radish
cucumber garlic Chinese kale

pumpkin taro water spinach

yam bean tomato yard long bean

white gourd  ginger angled luffa

bitter gourd sugar peas
The population of Thailand is 51.8 mi! = and in
1983/84, 'rhais cultivated 0.31 million ha of vege-
tables. Of these, 2.7 werce lost due 1o preharvest
damaqe. The total annual production was 2.1 mil-
lion metric tons, of which 4% was exported, leaving
a farm gate vegetable production of 39 kg per
annuin (107 gm/day) available for market per Thai,
Betwaen 30% and 50% by weight of the harvested
vegetables is then disearded as inedible outside
leaves, twigs and stems. Losses beyond these are
considered postharvest losses, which if combined
with the discarded portions drastically reduce the
107 gm/day available for consinmption.  However,
other estimates put the average daily vegetable
consumption of Thai peopie at 200 gm/day. Part
of this difference is made up by the large volume
of indigenous vegetables and those which are not
officially listed. Some of these are of significant
economic importance, and include:

asparagus cdrrot baby corn
broceoli okra snap bean
mushrooms  coriander bamboo shoot

0

o, Thailand

Indigeaous vegetables are grown both for market
and for home consumption, in kitchen gardens and
onfences, or are collected from the wild. Generally
they pose little of a postharvest problem, being
consumed soon after harvest.  Some indigenous
vegetables are high in nutritional value, particularly

in provitamin A, Fxamples include:

Acucia pernaie Willd, subsp. insiavis Nielson

Cassia sivmea Brit,

Piper sarmieniosunt Roxb,

Leucacna levcocephale de Wit

Morinda cirripolia Linn,

winged bean, sopliocarpus retragonolobus
DC.

vy gourd, Coccinia indica Wight & Arn

water mimosa, Neptunia oleracea Lour,

PREHARVEST FACTORS INFLUENC-
ING POSTHARVEST LOSS

Perishability

Different vegetable crops have different per-
ishability rates, according to various physiological,
climatic and secasonal factors. Vegetables with a
marketable life of more than a few weeks are garlic,
pumpkin, shallot, sweet potato, taro and white
gourd. Vegetables with a high water content, a
large surface area to weight ratio or a high leve! of
physiological activity are highly perishable, and
have a marketable life of only a few days. These
include broccoli, Chinese kale, lettuce, sugar peas,
water spinach, and yard long bean.
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Pe:ts and Diseases

Fresh produce which is infested by disease
or pests at harvest may be unmarketable or have a
short shelf life.
latennt, and is often the result of poor preharvest
Attacks of fruit fly in certain fruit

Infestation ma, be obvious or

management.
vegetables, or heart rot and tipburn in lattuce and
cabbage, lor cxample, a4'l cause damage which is
revealed wiien the crop comies Lo inaiker.
POSTHARVEST ~ACTORS

A number of other preharvest factors in the
food preduction system countribute to food losses.
The causes of nostharvest losses are well docu-
rented! "

AL Y

and incliude:
nlant physiology numidity
season pOCT storage
temperature poor packaging
unsuitable containers

genetic makeup of crop

ey

lack of care at harvest, and other cultural
eactices

phy.ical properties (morpholocy) of crop

other biolegical and microbiologica! factors

management and titre of harvest

mechenical or rough manuat handling

damage aurirn,, transporation

distribution and marketing management

other socio-economic and pouitical factors

Strictly speaking. postharvest activity begins
right after harvest. Some of these activities, st ch
as loading, wansportation, buying and selling, are
repeated at different stages along the channels be-
tween harvest and consumpticn, Losses ozour at
almost «vory stage along these ~hannels: the greates
the number of stages, the more food losses occut.

A simplified flow diagram of Thailand's veg-
ctable distyibution channels is shown ir Figuie 1'%,
The practices used are conveational, and have re-
mairicd bas'cally the same over many years, Im-
provaments are slowly occuring, ar in the modern

treatinent and storage of onions,

I fFarmers

praesentatives

‘l wWhoi :saler
[

\‘\{ _ocal coilectors

| /\ ~ .
\‘ \ //
| \ .
__{ o~ X / ™ .
. . \\\ \
Expo. ter | Bangkok small
xpo.1ers Bargkok large //' wholesaiers
T wholesalers 7

Provincial

S/

wholgsaiars

Processing

I; tietaiers ]

Fig. 1
Modified from Reungtawikoon
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POSTHARVEST LOSSES IN
VEGETABLES

Statistics from Taiwin'' show the posthar-
vest losses in transport, wholesaling and ratailing
of 16 vegetal!cs to rance from 4% for green heans
to 30% for Chinrse cebbage. The losses in the
ASEAN region as a wholc are much higher, ra.uging
from 22:% to 80%*+' . White onions suffered the
greatest los.es, followed by cabbage with ahout
45% posthaivest losses.

In  Thailand,
chinda'* have reported that in a shirment of bell

Parkasemsuk 2nd Kosiya-

peppers seat from Chiang Mai to Bangkok, 10.20%
of the peppers were found to be unmarketable.
The loss was caused by micro-organism damage
(4 31%), insect damage (1.39%) and sunburn
(0.90%), while 3.40% cf the peppers were crushed
and bruised. Pakrushapun and Lotara®* reported
postharvest losses of vegetables duving handling
and transportation from productior areas near
Bangkok to Bangkok Central Market to be 1.7%
for bamboo shoot, 15.4% for Chinese cabbage and
16.2% for coriander, with losses for other vegetables
falling between 3.5% and 10%. Generally, mechan-
ical injury was the greatest cause of loss, rather
than decay or reduced moisture content.

The Royal Project for vegetable production
in the highlands of Thailand hasrecorded the weight
loss between harvest and final marketing for 23
types of produce. Some of these showad a very
kigh rate of weight loss in some lacations or
seasons, and a comparatively lcw rate in others®
(see Table 1).

Head lettuce suffered the greatest weight
losses. In highland lettuce, 4-6 wrapper leaves
accounted for 28.01% of total weight at the pro-
duction site, while losses (by weight) prior tn
retailing included 35% in wrapper leaves and 5.54%
due tc dehycration’. No losses were caused by
insect damage. In another study of a shipmert of
head lettuce from the highland production site to
a Bangkok buyer in July 19€2® initial trimming
of inedible wrapper leaves accounted for a 40,8%
reduction of harvest weight. Subsequent weight
loss duee to dehydration was low, between 0.3%
and 0.0%, while loss due to biological decay was
only 2.0%. Some lettuces required one or two
leaves to be removed hefore delive:y in Bangkok,
which aceounted for an average 15.48% weight loss
in head lettuce. One farmer had found that 0%
of the lettuce heads he had produced were affected
with tipburn, but this was a production loss, not a
postharvest problem.

Table 1  Weight loss (%) of selected veyetables between production sites and Chiang Mai
packing statien in ditferent periods of 1981/82 and 1982/’833
Season __ April-dune h M;J»uly—-Oct. ) —_ ___Nov.—_lvla_rch__:m
Year 81/82 82/85 81/82 82/33 81/82 82/83
Veqetables
Bell pepper 12 30 13 25 9 20
Cabbage 19 60 4 14 9 10
Cauliflower 6 - 50 50 31 20
Chinese cabbage - - 48 17 9 10
Head lettuce a2 50 55 24 18 50
Tomato 11 30 13 40 13 20
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One might have expected postharvest losses
to decline as farmers gained experience, but more
recent reperts show that similar levels of loss
persist (Tables 2 and Z). Losses were caused by
trimming, insect infestation, puffiness, moldiness,
decay, small size, cracking, soft and overripe fruit,
heart rot, stem-end and blossom-end rot, defects,
yellowing and senescence, and poor sales Lecause
of lack of market demand. The relative importance
of each cause of loss was not recorded.

Table 2 Head lettuce losses (%) between produc-
tion sites and Chiang Mai packing station
during April to August 1984
Month
Location - -
April May  June July August
Samerng 2.2 48.8
Maeralr 19.8 208 28.0 14.0 24.4
Tungluang 5.8 3R] 29.8 6.0 22.0
Huylirk 36.0 26.4
Maepoonifuang 16.9 1.5 20.5
intanon - 20.% 79.0 41.2

*  Adapted from monthly vegerable data of Highlands

Vegetable Extension, The Royal Project, 1984 unpuh,

data
Table 3 Weight loss (%) of selected vegetabtes
between Chiang Mai packing station and
the Project Office in Bangkok, May and
June 1585
Month
Vegetables
May June
Capsicum 10 12
Head lettuce 6l 30
Red cabbage 11 i5
Spinach 33 4?2
Tomato 34 11

*  Adapted from monthly vegetable data of the Royal

Project, Bangkok Offizce; unpub. data

MARKETING AND POSTHARVEST
LOSSES

A certain level of postharvest loss in vegeta-
bles isinevitable, because of their perishable nature,
but this should bekept to a minimum. Jn Thailand,
the extent and cause of postharvest loss varies
greatly according to the type of market where the
vegetables are sold.

Local Markets

Vegetable produce bound for local markets
generally reaches the retailer within 24 hours of
harvest. Supply correlates closely with demand,
eliminating storage losses. Losses tend to be due
to exposure to the elements, or mechanical injury
during handlingand transport. ¥armers often wash
their vegetable produce after harvest. This may
cause bruising, which makes vegetables deteriorate
rapidly. Leafy vegetables are usually sprinkled with
water to reduce wilting. Although this piactice
may pravent weight loss due to dehydration, it can
also initiate deterioratior, The final stage of loss
occurs where the consumer does not use purcnased
vegetables within a reasonable period of time.

Distant Domestic Markets

Shipment to these markets may take eighteen
hours or more: road freight from Chiang Rie to
southern provinces in Thailand takes two nights.
Traffic delays are common and produce receives a
severe jolting on sections of rough roaa. Marketing
channels are more complex, and very inefficient if
local markets are included in the initial stage'®.
Leafy vegetables are shipped with plenty of wrapper
leaves which adds to transport cost and creates a
garbage disposal problem at markets. It is common
for water spinach, water mimosa, asparagus and ivy
gourd to be harvested and sold with unnecessarily
long stems. Trimminy of many vegetables is often
not correctly carried out: nor is sortingand grading.
Cabbage is generally transported in bulk, stacked
with no protection, while more perishable vegeta-
bles are stacked in baskets. Heat builds up in the
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stacks, and this leads to deterioration. Losses due
to dehydration, rough handling and high tempera-
tures are greater when vegetables are sold in distant
domestic markets than in the local markets: the
level of tender loving care derlines with distance,

In Thailand’s domestic markets, cold storage
facilities for vegetables are rare. Traders taking
delivery of produze are forced to sell it quickly,
before it decays. At all levels of marketing, there
is a need for cducation on appropriate postharvest
treatment of vegetables, and better packaging anc
storage technology.

Export Markets

Thailand’s vegetable export trade is - till in
its infancy, and requires a large input of research
and development if it is to be improved and ex-
panded,
transportation are cuite different to those found
in domestic markets. The postharvest problems of
export markets include low quality produce frem

Commodity  selection, packaging and

farms, parvcularly fruit and vegetables which ar2
overmature! 7. Crading of vegetables is a serious
problem.

exporters that unsorted produce has been delivered.

There ave frequent complaints from

Packaging is not standardized, and often packages
with a high unit vost are used. Incidents have been
recorded where worm iafested Chinese cabbage
and decaying ~apsicums have been received by
importers of Thai produce. There is an urgent need
for regicnal packaging stations for export produce,
with racilities for grading, packaging and quality
control,
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DISCUSSION
(C.Y. Yang)

You' paper presents a good wccount of the undesirable aspects of postharvest handling of vegetables
in Thailand. Could you tell us whether there are any national programs to counter these problems?
How many varieties of baby corn are grown in Thailand?

There are¢ a number of research projects, for example the one on color development in cff season
tomatoes harvested at the mature green stage, and one on the senescence and yellowing of broccoli
and Chinese kale, both of which can be stcred for up to two weeks in modern controlled atmosphere
facilities at 1°C. A report has been published on this work. Because of the conservatism of Thai
farmers, implementation of these programs is siow. Evan the exporters are slow to accept their

value.

Three different varieties of baby corn are grown. They are mainly grown just south of Bangkok, but
the processing plants are in the north. The tarm gate price is fixec a¢ about 20 Baht/kg.
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TOMATO PROCESSING IN THAILAND
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King Mongkut’s Institute of Technology Thonburi
Bang Mot Ratburana, Bangkok 10140
Kingdom of Thailand

INTRODUCTION

The tomato processing industry in Thailand
has grown over the past decade to serve the
sardine canneries. Tumato juice, sauce anu whole
peeled products remained insignificant in pro-
duction quantity up until two years ago. Many
new saucc factories using processing tomatces
have recently been established. Since sardine
production has become static, the response of
these new factoies to changes in market demand
will have an important impact on the development
of tomato processing in Thailand. Government
incentives for agro-industries have encouraged
the growth of the tomato paste industry to a
point where it can now meet local demand, and
there is potential for export. This paper will
concentrate on tomato paste prcduction, which
uses 90%

processing factories.

of all raw tomatoes entering the

THE DEVELOPMENT OF
TOMATC PROCESSING

Production Capacity

The tomato paste in  Thailand
has expanded continuously over the past ten

industry

years, from minor beginnings to an industry
1981, with

a total processing capacity of 470 mt of raw

of eleven processing factories in
fruit per day, to 16 factories processing a
total of 620 mt in 1983, and to 21 factories
processing 1120 mt in 1986 (Table 1). Assuming
a 60 day season at full capacity, these factories
would require approximately 67,200 mt of raw
fruit per vyear. This increased production
<apacity has almost completely replaced imported
tcmato paste, which reached a pea* in 1982
of 938 nit, equivalent to 6400 w.t of raw fruit.
(Table 2.).

Table 1 Regicnat location of tomato paste nroduction plants and their capacit

1981* 1983* 1986**
Location No. Capacity No. Capacity No. Capacity
plants {mt/day) plants {mt/day)_ plants (mt/day)***

North 5 210 7 270 9 550
Northeast 3 170 6 260 9 530
Central 3 90 3 90 3 20
(Bangkok Metro} -
Total 11 470 16 620 21 1120
Estimate
Raw Materials 45,000 Ton 62,000 Ton 106,400 Ton

* Thavorn (in\'ilu\'ukuml

o Estimates of Royal Project/Rovally Recommended Project - Food Processing Plants

£x%  Aftraw fruit per (24 hour) day
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Table 2 Tomato paste imports into Thailand

Year Amount Iimported (mt)
1980 200
1981 762
1982 938
1983 460
1984 18
Source:  Oftice ol Mericultural Feonomies

Prodrction Technology

Most factories use cheap, crudely made,
local production equipment, since a low capital
investment is the prime consideration. The
majority have a processing capacity of 50-100 mt
of raw fruit per day, normally in a semi-bath
processing systern with a single effect evaporator.
Only one factory has installed a contiauous triple
effect evaporator. The evaporator is the major
unit of production equipment in any processing
factory. Generally, the evaporators installed
are  adaptations of the natural circulation
Calendria type, developed originally for the sugar
industry.  kxcept for the lower quality paste
usea by the sardine canmng industry, this type
of evaporator is unsuitable for tomato paste
production; to produce quality paste, concentra-
tion should be carried out at relatively low
temperatures. Some improvement has been
achieved in a few Tfactories by incorporating a
circuiation pump into the system, which improves
evaporation efficiency and capacity. With proper
quality control these plants can produce paste
of nsuitable quality for the sauce industry.
However, if a high quality product is to be
achieved, and particularly if export specifications
are to be met, further input from tiained
engineers is required. Locally available technology
has already managed to improve paste quality,
dramatically, in terms of color and consistency,
over a single production season (Table 3), so
it seems unnecessary to depend on imported
technology for quality improvement.

Table 3 Improvement of paste quality by the
modification of focally built equipment
of the Royally Recommended Project
plants at Sakolrakorn

Prior to After
modification modification
(1985) %) (19806) %

Quality tested

1. Color (a)

red 60 -- 65 65 —75;75 -85
yellow 10--12 3-10; 810
black 2225 18 - 22;12—18

2. Consistency

10— 13 7--10

(b) (em)

3. Soluble 4 — o5 28 — 30
o 2 e -

solids(c) (" B)
a ..., Mebeth Colourimeter
b . .... Bostwick Consistometer at 12 SOB, 3)
c ..., Abbe refractometer

Fig. 1 describes the various production
stages In tomato paste manufacture. Tomato
paste produced in Thailand is of the cold break
type, and is normally packaged in square 20 kg

tins, or in cans of 3 kg or less.
Figure 1 Steps in the production of tomato paste

Raw mateirials

l
Washing
}
Trimming, selecting
!
Macerating
i
Thermobreak
1
Pulper, finisher
i
Evaporation
}
Sterilization
+
Packaging
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RAW MATERIAL low (Table 4) compared to that of their counter-
parts in Taiwan, Australia, the U.S.A. and

Most factories buy tomatoes through southern Eur~pe, where yields of 15 mt per rai
contractors, who purchase fruit from the farmers (90 mt/ha) are common. As the raw material
and transport it to the factory. The factory accounts for the major cost factor in tomato
gate price fluctuates from a high early season processing (Table 5), there is great potential
price of 1.5 Baht/kg (U.S. $0.07/kg in 1986), for improvement in product cost through horti-
to a low at season's end of 0.80 Baht/kqg (U.S. cultural means. The national average yield for
$0.03/kg in 19806). Occasionally, a surplus, all types of tomatoes in Thailand is 1.8 mt/ra.
of fruit upsets the market. This is due in part (11 mt/ha), but the yield from most farms growing
to the unpredictable climate of Northern Thailand, processing tomatoes is higher than this, at about
and in part due to lack of overall planning and 3 mt/rai (19 mt/ha), as seen on the farms
cooperation from the farmers. associated withk the Bureerum and Sakolnakorn

The productivity of Thai tomato growers is Factories of the Royally Recommended Project.

Table 3 Annual production of fresh tomatoes in Thailand, and average pioductivity

Royally Recommended Project,

All Thailand Bureorum & Sakoknakorn Factories
Ye;“ P S ——— . - . . P — - o e
Annual production Productivity Annual production Productivity
(mt) mi/ri mt/ha {mt) mt/rai - mt/ha
1979 — 1980 31,575 .65 4,00
1980 — 1981 49,968 1.54 9.68
1981 - 1982 68,134 1.18 7.38
1982 - 1983 70,193 1.39 8.69
1983 -~ 1984 96,295 1.82 11.38 2,177 2.00 12.50
1984 — 1985 2,700 2.17 13.50
1985 -- 1986 6,091 3.00 18.75

* Source: Department of Apnicultural Extension

Table 5 Breakunwn of production costs for tomato FUTURE OF TOMATO PROCESSING
paste

— - Predictions made in this paper are based

% on the author's experience with the development

e e e — of the four tomato paste production factories

Raw materials 50 — 55 ren under the King's Project and Royally Re-

Labor/Salaries 55—6.0 ccmmended Projects. Two of the four are located

Energy 1719 in Northern Thailand and have a total production

Containers 18 — 22 capacity of 150 mt of raw fruit per day, and twce

Other 4 are in Northeastern Thailand and can process

120 mt per day.

- 135 -



Marketing

Since the production of the local sardine
canning industry has now leveled off, expansion
of the market for tomato paste over the next
five years will depend on whether higher quality
products can be made for sauce makers and
food processors, for hoth loca! consumption
and export. The transition from locally cousumed
products to export qualit s products, including
value added products such a5 canned sardines
of export quality, will boost the market demand
for Thailand’s tomato paste, provided we can
compete in terras of price with products from
Taiwan and multnauonal manufacturers like
Heinz and Hunts.

Production Fechnology
Production research and development must

As R&D

Is almost nonexistent now, the affect of this

be initiatec by government agencies.

input should he 4 dramatic improvement  n
efficiency and product quality in the snaller
tomato paste processing plants, A thieefold
decrease in energy consumption has been
predicted. Although larger factories will probably
import new technology, small factories will
continie to depend on making their own im-
provements, with the assistance of government
agencies. Improvements will concentrate on
packaging systems and materials. Plastic in box
packaging will become standard in hoth sterile
and more rudimentary packaging systems. The
evaporator and equipment for sterilization and
macerating can be ‘mproved dramatically, simply
by applying locally available technology.

Raw Materials

In order to reduce the cost of raw materials,

larger factories can be expecied to turn to contract
farming, or begin hiring farmers to cuitivate
factory owned and managed land. However,
smaller factories will probably continue to buy
under the present system. Productivity could
be increased from the current 3 mt/rai (19 mt/ha)
to at least 8 mt/rai (50 mt/ha) within six years.
Such a reduction in the cost of raw materials
would ensure Thai tomats paste products keep
4 competitive place in world markets.

The raw materials are also important in
deciding the quality of the paste product. As
quality  consciousness  increases, attention  will
turn o fruit varieues more suited to both
local conditions and the final product. A few
companies are currently running trials of different
tomatc varieties,.

The standard of sl farm n anagement
will be imporiant 1o the smaller factories, and
cooperation i harvest planning will be vital to
ensute the Lavvivdd of both small scale farmer
and factory.  The farmers need an adequate
mcome, and the factorie. need fruit at a low
unit cost.  Large mechanized factories and farms
will tend 10 draw labor away from smaller
production units, unless the smaller units can
through greater efficiency offer better earnings
to local farmers.
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A,

A,

DISCUSSION

(C.Y. Lin)

In Table 4 of your paper, the average tomato production per area is very low, only about 2 mt/ha
as compared to 3 mt/ha in Taiwan. Why is it so low?

(M. Wivutvongvana)

Commercial producers can achieve yields as high as 6 mt/ha. Table 4 gives the average covering
the whole country, and includes hoth processing and 1able tomatoes. These figures demonstrate
that varieties more suited to the conditions of the poorer farms are needed. The commercial
varieties released perform very badly under such conditions.

(N. Patamayothin)

The data does not differentiate bewween processing and table tomatoes, nor between local and
commercial varieties. The production of some of these is extremely low. However, I would
think that for vields of processing tomatoes the figure would be more like 25.3 mt/ha,

(R.L. Villareal)
In the Philippines, the majority of f:.rmers growing processing tomatoes do so under contract to

the factories. What percentage of Thal rtomato farmers grow tomatoes under contract?

There is usually & middleman, who finances the inputs for the crop and purchases the crop for sale
to the factories.

(R.L. Villareal)
What is the farm gate price for processing tomatoes?

(M. Wivutvongvana)
As an average over the whole season. 1.2 Baht/kg.

The contract growing of processing tomatoes has been carried out under the King's Project, but
most farmers are not covered by a contract with a factory, and deal direct with a businessman.

(B. Khatikarn)

There has been a rapid advance in the production of processing tomatoes in Thailand. We had
a seminar on this tepic o' ly a few years ago, and the production level of tomnato paste was then about
260 mt per day. Now it is double that. Under the King's project, a guaranteed price is given only
in Northeast Thailand, and not in the Northern part. The main centers for processing tomatoes are
Lampang in the Northern part of the country, and Nomkai in the Northeast.
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BABY CORN PROCESSING IN THAILAND

Nisit Patamayothin and Sakarindr Bhumiratana
King’s Project and Royally Recommended Project
Food Processing Scction
King Mongkut’s Institute of Technology
Thon Buri Campus, Bang Mot Ralburana
Bangkok 101-10
Kingdom of Thailand

INTRODUCTION

Ninty nine percent of baby corn processed
(canned) in Thailand is exported: the industry
is thus important toth as a sounce of farm income
and as a foreign currency earner. However, the
economic influences  which  assisted in the
establishment of the industry have now taken
a turn for the worse, and future expansion will

ve difficult.
DEVELOPMENT OF THE INDUSTRY

The volume of canned baby corn exported
from Thailand increased rapidly from a mere
916 mt in 1980 to 6281 mt in 1986 (Table 1).
Uafortunately, this volume increase has been
obtained at the expense of the unit price, which
has fallen from 1 .S.$17 FOB in 1984 tc U.S.
$13.50 FOB in 1386 per (6 x 3 kg can) carton.

Table 1 Thai exporis of canned haby corn

Export volome

Year

Ton
1980 916
1981 1229
1982 1521
1983 4014
1984 4468
1985 6281

Source: Office of Agricultural Economics

The canneries, of which there are now 24, have
passed at least part of this loss back to the farmer,
and th> farm gate price of baby corn in hull
1s currently around 2 baht/kq.

Baby corn processing in Thailand is a simple
but labor intensive operation (Figure 1.) The
corn is graded and packed by size, most being
packed in an A-10 can (1.5 kg net). Grading for
size and quality is manual, and requires close
supervision.  Despite the high labor input, raw
matecials represent the major production cost
(Table 2).

i RAW MATERIALSJ

SORTING Oi- SIZES ,

ORI O

LTRIMM!NG

—

CLEANING OF CORN SILK

o
WASHING
L_fflj?_

EL/\NCHING

2

|il LLING
__,,;.ﬁ__.

’ STERILIZATION

Fig. 1 Canning operation for baby corn
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Table 2 Cost breakdown of canned baby corn

production
Items Cost (%)
Raw materials 60

Labor/salary

Energy
Container 25

Others 6

Government statistics on yield and produc-
tivity of baby corn in Thailand are given in
Table 3.
of lower recorded values: for example. the average
productivity for Northern Thailand in 1985
was 600 kg/rai (3750 kg/ha) and for Northeastern
Thailand 350 kg/rai (2188 kg/ha).

However, the authors' experience is

FUTURE OF THE INDUSTRY

The declining value of processed baby corn
on the international market has left only a smal’

profit margin, Small gains may be made by
cutting labor and energy costs by improving the
processing technology. However, little is under-
stood of the biochemical changes in baby corn
during processing, and research will be needed
before new procedures are adopted. Since the
raw material is the greatest cost factor, it offers
the greatest potential for production cost savings.
New varieties have been tried, with only marginal

yield improvement. The most recently tested

variety produces 3-5 cobs at the same time,
but gives no improvement in overall productivity.
The future of the baby corn processing industry
may lie with the development of improved cultural
practices, and their adoption by Thai farmers,

REFERENCES
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Statistics, Office of Agricultural Economics,

Center for Agricultural

Ministwy of Acricultural and Cooperatives,
Parngkok, Thailand, 1985.
Statistics No. 293,
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Table 3 Regional annual bhaby cém production and productivity

1984/1985

Annual production Productivity

1983/1984
Reron Annual production Productivity

mt kg/rai
North 15,284 1,420
Northeast 8,309 1,179
Central 3,888 871
East 2,493 1,211
West 16,836 874
South 99 251

imt/ha mt kg/rai mt/ha
8.87 17,906 1,194 7.46
.37 4,619 985 6.15
.44 942 801 5.01
7.56 491 875 5.47
5.46 15,356 1,046 6.54
1.56 2,314 637 3.98
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Q.

A,

DISCUSSION

(S. Knsiyachinda)
Do you have any plans for develoring equipment for the autornatic sorting of baby corn?

Yes, we are developing a prototype of such a sorter.

Comment: (R.L. Villareal)

Another way of achieving uniform size would be to grow F1 hybrid baby corn. We have tried this
1. e moanppinge  and have produced one type which gives corns of very uniform size.

Q. (T. Tonqguthaisri)

You suggest that the future of baby corn as a processing conunaedity is pot promising, due to the
competitive narket. Could ycu please elaborate? [ feel that the future for baby corn processing
is good.

A. Theinternational price of baby corn was about U.S.$17 per carton in 1984, but this has now dropped
to only US.%13.50. Thus to remain competitive it is necessary to reduce the cost of the raw
me terial, becausc prcduction costs cannot be any lower. The processing is labor intensive, but
this is difficult to ~hange.

Comment:

Four months ago we had a meeting on the problems of baby corn collection. The baby corn goes
from farmer to collector to factory, and it deteriorates on the way.

A. Therc are tco many steps in the chain the baby corn should travel direct from farm to factory. We

need to solve this problem for the sake of both farmers and 1nanufacturers. Factories cannot
guarantee their prices, because farmers also sell baby corn in the fresh vegetable market. Alternatively,
the middieman should chill the baby corn, but the cost then has to be added to that of the final

product.
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CONCLUBING REMARKS
FUTURE RESEARCH AND DEVELOPMENT NEEDS
FOR IMPROVING VEGETABLE PRODUCTION IN ASIA

Charles Y. Yang
Thailand Outreach Programs/ AVRDC
P.O. Box 9-1010, Kasetsut University, Bangkok 16903, Thailand

Vegetables are an important and substantial
source of food, and contribute significantly to
the quality of our diet, providing variety and
nutrition.  Various parts of innumerable kinds
of vegetables make otherwise unappetizing
meals of staple {oods flavorsome and pleasing
to the eye. The major nutritional ¢contribution
of vegetables to the human diet are the vitamine
Aand C and inerals such as iron, calcium,
etc.  Tuber type vegetables store starch, and
are recognised  as  highlv  efficient  converters
ol solar energy.  Potato, for example, is second
oniy to sugarcane as a producer of caleries per
land unit area, and second to soybean as a
protein producer.  However, even in developed
cou. .ies only a smmall percentage of farmers'
incomes is derived from vegetable production
abou: 6% of total agricultural production value
in the U 5. A,

Perhaps partly because vegetables comprise
such a vast number of crops they have been
given a relatively low priority in funding and
planning in bhoth national and internaticnal
agricultural research and developmer., programs.
This is reflected in the low raie of implenientation
of new techno'ogy. Growers of veqetabies ander
subtrepical and tropical conditions facz almost
difficulties in

insurmountable vegetable

production lack of resistance to biotic and
abiotic envircamental stress, diseases, pests,
induced physiologica: disorders, heat, hemidity,
drought, floods and soil nutrient imbalances,
To ccmlat thece, more work in varetal im.
provement is essential. Further, growers in the
tropics are handicapped by problems of post-

harvest management, underdeveloped vegetable

processing facilities, insufficient seed production
and precessing facilities, and very rudim~ntary
marketing systems and consumer education,

‘The scientists in the fiald of vegetable
improvement in the tropics, though hard pressed
for funds, have made remarkable vrogress, both
in varietal improvement and in overcoming
constraints to the cultivation of vegetables of
temperaie origin.  Some o: this progress has
been demenstrated in the papers presented at
this seminar,

AVRDC has concentrated much research
on adapting tomato and Chinese cabbage to
the hot humid tropics. This adaptatior consists
of enhancing their tolerance to heat and humidity,
and their resistance to major tropical pests and
diseases.  Growth during the heading process
in Chinese cabbage plays a major role in deciding
yield under high temperature conditions. During
heading in a heat tolerart cultivar, leaf turgidity
is maintained despite high temperatures due
to the plant’s ability to keep a stable water
balance. Heat tolerant Chinese cabbage cultivars
have a lower shoot/root ratio than heat sensitive
cultivars,  In recent years, the AVRDC tomato
breeding program has emphasized further im-
provemeat of the best tropical lines by sequen-
tially incorporating additional resistance to
major diseases with improved fruit quality, New
traics added include resistance to tomato mosaic
virus with the Tmi-2% gene, resistance to fruit
cracking, greater fruit firmness and larger fruit
size, A few of the tropical tomato lines
incorporating these traits will soon be available
from AVRDC.

A trial of AVRDC tomato stock in the
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bot tropical lowlands of the iland of St. Lucia
demonstrated the superiority of these lines ovei
the locally popular Caraibe varieties with respect
to heat and arid stress tolerance. The most
successful heat tolerant varicties tested were
CL 5915.22D.-0-4-0, CL £915-22D,-1-5-0 and
CL 591522D,-1-1.0.

The Institute of Plant Breeding (IPB) of
the Philippines has made steady progress in
Luilding up a germplasm collection, in screening
ditferent vegetable varieties for disease resistance,
stress toletance and earliness, and in the scarch
for nitrogen fixing vegetable crops, The Institute
has taken two approaches to breeding: one
of developing I, hybrid cultivars for intensive
commercial cultivaticn, and the other of seeking
cultivars that will thrive under the low input
conditions of poorer farms.  New aspects of
biotechnology are bheing implemented, along
with  conventional  breeding meathods, for
producing and selecting plants rasistant to pests,
diseases and environmental strasses. Biotechnology
provides a means of idenufying and isolating
useful genes, increasing ow understanding of
genetic and physiological processes in plants,
providing new hasic knowledge for the possible
transfer of genetic information, and of controling
genctic expression.

Asparagus production in Taiwan depends
on a modified mother stalk cultural method
which adapts this temperate crop to the sub-
tropical climate of Taiwan. This method has
doubled asparagus yields.  Extensive selection
trials have singled out Mary Washington as the
cultivar best suited to this type of asparagus
produc ion.  However, a shortage of good seed
forced Taiwan plant brecders to develop their
cwn seed production, and as a result, the hybrid
cultivars * :pan Nos. 1, 2, and 3 were specially
bred for the subtropical corditions of Taiwan
and successfully released. Tainan No. 1 has
performed very well in an international asparagus
cultivar trial. In further selection, breeders are
concentrating on achieving tight-upped spears
important for the canning process. Breeders are

currently working on producing all-male asparagus

varietics which yield larger spears, and on
including the persistant green character which
should be advantageour to the winter production
of asparagus in the southern part of Taiwan.

In potato, morphological characteristics
and physiological responses have been utilized
to develop screening tests for heat tolerance.
Crop emergence, tuberizaticn, cxpression of
stolen tips in hot soils, susceptibility to bacterial
disease in hot soils, growth response, tuber
induction, dry matizr partitioning and growth
analyses of cultivars in different climates are
some of ‘he asmects which have been studied
with a view to determining their individua! and
cumulative roles in the complex picture of
heat tolerance. The development cf computer
simulation models for potato offers hope that
the interactions of these aspects may be analyzed.
Important individual characteristics are the re-
sponse of pciato cultivars to temperature, the
extent of tissue damage on expcsure to hot dry
winds, and tolerance to drought induced by high
temperature.  The International Potato Center
i5 advocating the targeting of appropriate heat
stress characters, in orvder to breed suitable potato
accessions for diffeient wopical locations.

In developing the yearround production
of radish, scientists in Korea have learned that
seed storage conditions, and day length and
light intensity during growth, all contribute
to flower stalk initiation and the incidence of
bolting. Cold in winter crops causes vernalization,
and induces them tc bolt before [ull tuber
development. In summer-grown crops, it was
shown that long day lengih, even without
vernalization, can induce flower differentiation.
Bolting is variety dependent, and in Korea the
currently used surnmer variety is popular
because it has a low incidence of bolting,
although it has a poor eating texture. Korean
rescarch aims at breeding a more suitable summer
variety or utilizing one of better texture through
revised seed storage practices. Under current
storage practices, the longer the seed is stored,
the more rayidiy the flower buds tend to be

induced during growth.
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The cause of tipburn and internal rot in
Chinese cabbage has been elucidated by AVRDC's
scientists:

Tipburn is the result of water stress due
to root damage caused by ammonia (NH,-N)
toxicity. Cultural practices which can help reduce
tipburn are to avoid heavy basal fertilizer appli-
cations and apply nitrogen fertilizers (particularly
NH,-N fertilizer) in split applications. Applying
compost to increase the soil CEC and minimize
soil moisture fluctation, and covering the outer
plant leaves with rice straw to suppress initial
plant growth, are also effective,

Internal rot is associated with vigorous
growth rates in round-headed cabbage cultivars.
Although internal rot is generally  believed 1o
bz caused by insufficient translocation of 3"
to the leaves, AVRDC's scientists could not
establish any correlation between Ca' content
in the head leaves and the incidence of internal
rot.  To reauce internal vot in Chinese cabbage,
split  nitrogen applications should be used:
covering the outer leaves before head formation
is also effective. Foliar sprays of calcium citrate,
accelerating rooting by water management, and
selection of long headed cultivars are also effective
measures. ASVEG =1, a round-headed cultivar
with particularly vigorous growth under good
conditions, is highly susceotible to internal rot,
while Fong-luh, a long-headed variety, is not
very susceptible and will give equivalent harvest
yields. Drip irrigation, giving a controlled supply
of water and fertilizer, can completely control
Internal rot.

Verticulture is a relatively new cuitural
method for vegetable crop cultivation. The
yield in verticulture is dependent upon the type
of irrigation system, nutrient supply and pcllulator
used. Crops with short growth duration and a
relatively small leaf canopy ar+ most suitable
for verticulture, Strawberry was the most
suitable crop for prefitable culivation under
verticulture of those tested in Taiwan.

Chemical weed control for vege‘able Crops
is increasing. The intensive management of
vegetable crops, and especially the practices
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of mulching, intertillage, sidedressing and the
application of soil fumigants, result in a lower
ratc of weed emergence than in cereal crops.
Most of the weeds that do emerge in vegetable
plots tend te be broadleaf weeds. Weed control
Is critical in spring-planted crops in Japan, which
are threatened by summer annual weeds. Weed
control in vegetables is qgenerally of central
importance between sowing and the 4-5 leaf
stage.  ‘Tolerance to herbicides differs among
different vegetable crops, and ia the same crop
at different growth stages. Three main vegetable
crop weeding practices used in Tapan are hand
weeding, so0il fumigants and paraquat applications.
Selective herbicides such as diphenamide are not
widely accepted in Japan, and chemical controls
are  generally combined with hand weeding.
Microgranules and flowable herbicide formulations
promise to provide herbicides which are uniform,
stable and labor saving in use. Flowahle forms
include chemicals which are safer to crops than
paraquat.

Suitable varieties and reliable seeds are
the corperstones of vegetable production  in
developed countries. They are equally important
for the development of vegetable procuction
in Southeast Asia. Vegetable varieties should
meet the crop requirements of the environment
in which they are cultivated for season, disease
resistance, product quality and suitability to
the farming system. Great inlprovements can
be made in the yield of solanaceous and curcubit
crops by developing new varieties. The experience
of developed countries has shown that a seed
industry based on .he private sector and supported
by government research is the best system for
a supply of high quality seeds which meet market
demand. New varieties of vegetable seeds are
in grert demand among the vegetable growers
of Southeast Asia.

Vegetable seed production in Thailand
i5 centered on two areas. Most open pollinated
seed production takes place in the central aud
lower north, while F1 hybrid vegetable seed
production is found in Northeast Thailand. More
input is needed in varietal introduction znd



improvement programs.  Disease problems in
Thailand's vegetable seed production include
stem rot by Sclerotinia  sclerotionum,  which
lowers letiuce seed production, tipburn in lettuce
and cabbage, iron and magnesium soil deficiencies
which reduce seed vyield in lettuce and leaf
mustard, and a general lack of infrastructure
and extension support, Both seed production
and fruit production in tomato are limited by
hea:, bacterial wilt, yellow leaf curl and late
blight.

by farmers under contract to processing plants

Processing tomatoss arc usually grown

established in the production areas. The plants
pay a farm-gate price of about U.S. 5 cents/kg.
Good commercial farms are achieving tomato
yields of up to 60 mt/ha, but the average is mucil
lower. 'Thailand has a strong demand for tomato
paste, and is cutting down on imports as tomato
production rises. Thailand's baby corn exporters
have suffered a decline in export price (from
U.S. $17 per carton in 1984 to U.S. $13in 1986).
Higher yields and better handling are required
to overcome this setback. The farm-gate price
i1s currently U.S. 80 cents/kq.
grown around Bangkok and transported north

Raby corn is

for processing.

In Taiwan’s onion seed  production,
vernalization of bulbs in cold storage is required
for flower induction. High humidity prior to
harvest and pocr storage conditions aie major
constraines to cnion seed production in tte
tropics.  Varieties with a high dry matter ratio,
a high pyruvic acid content and a low nitrogen
content have better st.rage qualities, Bulb
storage qualities can be improved by good
cultural practices, increased curing time and
controlled temperature storage.

Taiwan has a well-developed seed supply
for tomato. Good production of tomato seed
is dependent on good growth in the parent plaat,
and in southern Taiwan autumn and winter
provide a mild sunay climate ideal for tomato
seed production. F1 hybrid seed is produced.
The production of F1 hybrid tomato seed
demands a careful scheduling of operations,

from the nursery stage to harvest, to ensure

that the emasculation and pollination procedures
are well coordinated and make efficient use
of available labor.

Vegetables are perishable by nawwere. Many
postharvest problems ia vegetable production,
for example softrot infection and tipburn,
result  from poor preharvest and harvest
management.  In Thailand, postharvest losses
are mainly due to improper handling. Damage
is commonly due to inadequate transport,
mechanical trauma, excessive trimming, insect
and mold infestation, and cracking ana softening
of overripe fruit, among other causes. Marketing
may be divided into three levels: local, distant
domestic and export. At each level appropriate
packing, sorting ind storage facilities are needed
to minimize postharvest losses.

Two areas which need to be strengthened
in future research and development for improved
vegetable production in Asia are the vegetable
germplasm collections, and the establishment of
international vegetable cultivar trials throughout
Asia. More improved vegetable varicties are
needed which incorporate a higher level of disease
and insect resistance, and are more tolzrant
to the stresses of the tropical environment, The
biotechnology of 1issue culture, anther/pollen
culture, somatic cloning and protoplasmic fusion
needs to be integrated into conventional breeding
programs in the region. In many places, the
quality
production is in need of development. Much can

infrastructure  for veqgetable  seed
be done through improved vegetable cultivation
technignes, more extension programs, and the
integration of home gardens into the total
agricultural systern. Improved postharvest and
processing facilities are also essential for efficient
marketing. Veg2table information and marketing
networks could be developed to promote the
indusuy, In order to mect these needs in
vegetable improvement in Asia, closer and more
dynamic links for cooperation must be forged
at both a national and an international level,
and especially between the public and private

sectors of the industry.
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