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SUMMARY

The earliest recorded scientific approach to soilless culture in Taiwan was in 1969 in the form
of gravel culture. Commercial-oriented water culture researches started in 1984 with rockwool cul-
ture initiatied in 1988. The total acreage of soilless culture in Taiwan is estimated to be about 35
hectares in 1990. Among the 35 hectares, 20 hectares are water-cultured water convolvulus, leaf
lettuce, pei-tsai, chinese kale and amaranthus etc.; 13 hectares are rice-hull-cultured pea sprout;
1.2 hectares rockwool carnation and 0.5 hectare gravel cultured daylily.

Soilless culture systems used includes : water level regulating system and forced circulating
system (deep water type); improved NFT system; root-floating system and rockwool culture.

Yamasaki’s n/w formula developed in 1976 for calculating solution composition was adopted
or slightly modified to fit for each culture system. The optimum nutrient composition in culture

solution for some tropical vegetables are shown below:

NO5-N P K Ca Mg(me/1)
Leaf lettuce 7 1.5 45 2.5 1
Water convolvulus 10 4 7 3 2
Muskmelon (spring) 13 4 5.5 7.5
(summer) 14 4 7 7 4

Researches needed to be taken into account in the future are :

1.To develop suitable soilless culture systems for fruit vegetables.

2.To establish nutrient compositions and concentrations for the tropic areas.

3.To develop adequate techniques for controlling root diseases, such as phytophthora, pythium and
fusarium spp.

4.To create low cost equipments and installations.
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INTRODUCTION

Horticultural crops under structure in Taiwan was established mainly to prevent damage from
heavy rainfall in summer and to protect from low temperatures in winter. Consequently, unlike the
northern countries where glasshouses and heating systems are standard equipments, less compli-
cated facilities, e.g., tunnel plastic structures or net houses are widely used in Taiwan. Using these
structures, high quality and stable yielding horticultural crops have been produced on a total area
of 1,560 hectares in 1989. However, the lands under structure tend to have soil problems due to
continuous cropping year after year. Soilless culture under these structures was thus developed.
The total acreage of soilless culture in Taiwan is estimated to be about 35 hectares in 1990 (Fig.

1). The acreage is expected to increase in the future years.
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Fig. 1. Chronological change of soilless culture acreage in Taiwan.

COMMERCIAL SOILLESS CULTURE SYSTEMS

Soilless culture in Taiwan can be classified into three major groups, designated as water cul-
ture, aeroponics and medium culture, according to the culture medium and application systems
(Fig. 2). The primary water culture systems used presently are deep water and NFT cultures. How-
ever, there are drawbacks for thses two systems. For deep water culture system. despite the
additional pumps applied in the system, the dissolved oxygen can not meet the high oxygen demand

of plants in summer. For NFT system, the relatively high variation of solution temperature makes
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it difficult to manage, although the cost of this system is relatively low. An alternative system, the
capillary-circulating system (Fig. 3), which possess both the advantages of NFT and root-floating
systems, is energy-saving and gives good root system, deserves to be paid more attention to.
Aeroponics is used only in part of the pea sprout production industry. Gravel culture, the proto-
type of soilless culture in Taiwan, is now still being used on daylily culture. The majority of the
pea sprout producers use milled rice hull and sawdust as growing media. Rockwool, a popular

culture system in Europe and Japan, is emerging in Taiwan.

—— 1. Water level regulating system

—— 2. Forced circulating system

——  Water culture
—— 3. N.F.T system

—— 4. Root-floating system

Soilless
ories —— Aeroponic

culture

— 1. Rockwool culture

F——- 2. Gravel culture

L———  Media culture
——— 3. Rice hull culture

—— 4, Sawdust culture

Fig. 2. Soilless culture systems in Taiwan
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Fig. 3a. Diagram of capillary-circulating hydroponic system
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Fig. 3b. Diagram of capillary-circulating hydroponic system

COMMERCIAL-SCALE WATER CULTURED CROPS

Up to the present, more than 95% of the crops grown by water culture systems are vegetables
(Table 1). Leaf vegetables, such as pea sprout, water convolvulus, leaf lettuce, pei-tsai, kale,
amaranthus and spinach, comprises 90% of the water cultured vegetable. The trend is different
from that of the temperate zone where fruit vegetables, e. g. tomato and cucumber, are prevail-
ing. As leaf vegetables are short-termed crops, plants are harvested every 20 to 30 days, about 15
to 20 times a year. Water convolvulus, a perennial crop, can be harvested every 10 to 20 days and

more than 24 times a year. This is a system that is close to plant factory (Table 2).

Table. 1. Cultivated crops in hydroponics

Leaf vegetables : amaranthus, chinese kale, leaf lettuce, pea sprout, pei-tsai, spinach, water
convolvulus,
Fruit vegetables : cucumber, melon, tomato.

Flowers : carnation.

Table. 2. Harvesting times of water convolvulus grown by root-floating water
culture system

Growing Growing Harvesting Yield Annual yield
Area

period days times kg/m®  kg/m?/year
Apr.-Oct. 10-13 17

Kaohsiung 1.8 43.2
Nov.-Mar. 18-20 7
Apr.—Oct. 10-14 16

Taichung 1.54 35.4
Nov.-Mar. 20 7
Apr.-Oct. 13-15 12

Taipei 1. 65 29.7

Nov.-Mar. 24-25 6
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COMPOSITION OF NUTRIENT SOLUTION
AND ITS MANAGEMENT

The management of nutrient solution follows (or slightly modified) the formula developed by
Yamasaki et. al., (1976). The apparent absorption concentration and composition of nutrient sol-
ution for some vegetables are listed in Table 3.

The n/w method for calculating solution composition and concentration is also being studied
on some tropical vegetables. The following formulas describe the calculation (Fig. 4):

At the beginning a certain amount of nutrient (m) is dissolved in water (a), so that the
concentration of the solution is:

y=m/a

After a period of time, some water (w) and nutrient (n) is lost in the system. The new solution

concentration is now:

e y;=(m-n)/(a-w)

The concentration of water removed can be calculated from the above two equations:
n/w=a/w(y-y)+y, (Gf y>y;)
or n/w=y-a/w(y-y) (f y;>y)

Due to evaporation the n/w value does not show exactly the water amount absorbed by plant
roots, the ratio, however, is valuable in the management of solution concentration. An example is
the NO;-N concentrations and water amount in a leaf lettuce growing solution were 7.5 me/l (y,
initial concentration), 600 1 (a, initial water amount) and 7.7 me/l (y,, final concentration), 124 1

(w, water removed). The n/w value of NO5-N in water at the end can be calculated as:
n/w=7.7-600/124(7.7-7.5)=6.73(me/1)

By using this method water convolvulus, leaf lettuce, pei-tsai and melon were studied (Table 4).
The formula has also been put into commercial-scaled culture with the results of water convolvu-
lus, leaf lettuce, pei-tsai shown in Fig 5, 6 , 7. The management of culture solution can become
easier when EC and pH is kept stable. Optimum n/w value in the culture solution is essential for
plants to get balanced growth. From the results achieved so far, it is proved that the concentration

and composition obtained from n/w can be used practically.
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Table. 3. Optimum n/w of some vegetable crops (Yamasaki. etc. 1976)

me/ ]
Crops(cultivar)
NO5-N P K Ca Mg
Melon(Pearl) 13 4 6 7 3
Cucumber(Suyo) 13 3 6 7 4
Tomato(FTUR-3) 7 2 4 3 2
Sweet pepper(Shimofusa) 9 2. 6 3 1.5
Lettuce(Great lake 366) 6 1. 4 2 1
Eggplant (F; Nagaoka-2) 10 3 7 3 2
Turnip(Kana machi) 14 2 10 4 2
Table. 4. Optimum n/w of some tropical vegetables
(n/w) me/l

Crops(cultivar)

NO;-N K Ca Mg
Leaf lettuce(Ta-Chiou) 7 1.5 4.5 2.5 1
¥ater convolvulus(Chu-yue) 10 4 7 3 2
Earl’s melon(spring) 13 4 5.5 7.5 4
Earl’s melon(summer) 14 4 7 7 4

n .

Beginning solution concentration

End solution concentration

Concentration of water removed

where m, n are nutrient; a, w are water amount.

Fig. 4. n/w method for calculating solution composition and concentration.

y=m/a

y=(m-n)/(a-w)

n/w=a/w(y-y)+y;

or n/w=y,-a/w(y;-y)
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Fig. 5. Variations of pH and EC of water convolvulus grown in winter.
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Fig. 6. Variations of pH and EC of leaf lettuce grown in root-floating water culture

system



200 BRRAERBRANEET

10
- 87 \/‘“t
> AVl \f‘\
-
8...
~
47 —*— pH
O
T¥ ——— EC
2—<
_Wwﬂﬁwtﬂwﬁmnﬂtﬂﬂﬂ
0 v T v T T T T T r T v 1
0 10 20 30 40 50 60
Weeks

Fig. 7. Variations of pH and EC in the cultural solution of pei-tsai grown by
root-floating culture system.

Based on the daily consumption, the two curves of water removal by muskmelon grown in
differnent seasons are shown in Figure 8 and 9. According to the water removal data, the develop-
ment of muskmelon can be divided into 4 stages, namely, the vegetative stage, the pollinated
stage, the fruit development stage and the fruit mature stage. The quantity of water removed in
the growing seasons was recorded the highest in the fruit development stage. The pollinated
stage, the fruit mature stage and the vegetative growth stage were the second, third and last,
respectively, with regard to water removal. A day/night water removal study by muskmelon plants
showed that there was not much difference during the night, while quite different in the day. The
amount of water removed per plant in the summer is much higher than in the spring (Fig. 10 and

1D).
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Fig. 10. Water removed by muskmelon grown in the spring of 1989.

PEA SPROUT PRODUCTION

Milled rice hull or sawdust as culture medium, or hydroponics in form of mist-spray are the
two soilless culture systems used in pea sprout production in Taiwan. The seeds are first kept at
20-24°C in the dark for germination and then transferred to 60% shading to commence green color

formation. Usually 1.4-1.5 kg pea sprouts can be produced from 1 kg seeds.

Process of pea production
1. Seed selection
Dun pea seed selected by sieve #14
2. Germination
1)Seed soaked in running water for 6-8 hrs.
2)Seedling tray (60 X 30 X 3 cm) filled with rice hull or sawdust as growing medium.
3).Sowing 300-400 g seeds in each seedling tray.
4).Spray with water and keep up high humidity.
5).Keep the trays with seeds at 20-24°C in darkness for 4 days.
3. Sunshine

1).Seedlings are transferred to greenhouse with 40% light for 4-6 days to develop chlorophyll
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and expand the young leaves.

2).Keep spray with water

4 Harvesting

Pea sprouts are harvested at 10-12 cm height about 8-12 days after sawing by machine.

5.Package and storage

Packed in plastic bags and stored at 5°C.

FUTURE NEEDS

1.To develop suitable soilless culture systems for fruit vegetables.

Although there are advantages for growing leaf vegetables, e.g. short growing and cash
return cycles, the high labor cost, i.e. more than 60% of the running cost goes to labor for
seeding, planting, harvesting and packaging make the industry uncompetitive. It is thus desirable
to develop cultural systems for fruit vegetables, such as tomato, cucumber, muskmelon, luffa or

bitter gourd, that have long growing season and do not need constant renewal planting and

harvesting like the leaf vegetables do in future.
2.To establish nutrient compositions and concentrations for the tropical areas

Despite the well establishment of a variety of nutrient formulas for many crops in the tem-
perate zone, it is still necessary to develop new or modified formulas from those developed ones
for tropical areas due to the fact that the crop species, weather condition, i.e., temperature, day
length and light intensity, and culture systems in the tropics are different from that of temperate
areas. Through the basic studies, the establishment of the nutrient management systems will be
able to prevent the drastic changes of the concentration and pH in the solution which is very harm-
ful to the plants and diminish the need of constant solution renewal.
3.To develop adequate techniques for controlling root diseases, e. g., phytophthora,
pythium and fusarium, etc., in the circulated water culture systems.
4.To create low cost equipments and installations.

Although there are many advantages for water culture, the cost for the external structures
and internal facilities, such as instruments for automation and others, is still relatively high. To

create low cost equipments and facilities is a must for further development of soilless culture.
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Fig. 11. Gravel culture used for day-lily porduction. 1| 12

Fig. 12. Root-floating system used for water convolvulus production.

Fig. 13. Root-floating system used for muskmelon production.
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14

Fig. 14. Rockwool used for tomato production.

Fig. 15. Pea sprout production. 15

Fig. 16. N.F.T. improved system used for vegetables production.
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