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TAIWAN 

Joyce Jong-Wen Wann, Tso-Kwei Peng, and Mei-Huey Wu 

Introduction 

Taiwan is a leaf-shaped island crossing the Tropic of Cancer about 200 km off the eastern shore of 
the Chinese mainland, strategically located in the East China Sea, about midway between Japan and 
Korea to the north and Hong Kong and the Philippines to the south. Taiwan stretches about 386 km 
from north to south and 137 km at its widest point from east to west with a land area of 36,000 km². 

The climate of Taiwan is subtropical with an average annual temperature of 24°C and an annual 
rainfall exceeding 1500 mm. Summers (May - July) are hot and humid, while winters (November - 
January) are cool. Typhoons occur from time to time in the summer. Taiwan's agriculture ranks as 
one of the most productive in Asia. 

About two-thirds of the island is covered with forested mountains. The central mountains vertically 
divide the island into eastern and western parts. Eastern Taiwan is a region of mountains and 
highlands, while the west consists mostly of basins, hills, and plains. The largest plain is the Chianan 
plain, in the southwest, which is also the primary agricultural zone producing much of the rice, fruit, 
vegetables, and tea, among other crops. 

Taiwan Province includes the main island and three offshore islands: Penghu on the west and Orchid 
and Green to the southeast. The administrative district system of Taiwan includes sixteen prefectures 
as shown in Figure 1, with the provincial government located in the Chung Hsing Village of Nan-tou 
Prefecture. With a total population of 22 million and a density of more than 600 people per km², 
Taiwan is one of the most densely populated pieces of land on earth. The per capita GNP of Taiwan 
in 1996 was US$12,872 (Council for Economic Planning and Development 1997). The cities of 
Taipei (2.7 million), Tai-chung (0.8 million), and Kaohsiung (1.4 million), are the three largest 
consumption centers. 

In Taiwan, vegetables have traditionally been an important group of farm products, ranking fourth in 
farm value after fruits, hogs, and rice. The annual value of all vegetable production in 1997 was 
TWD35.6 billion, which is 12.7% of the value of farm products, 20.5% of the value of all crop 
production, and 8 1.8% of the cereal production value. Vegetables were cultivated on 176,123 
ha, which is 17.7% of the total cropped area, compared to the 36.6% and 22.8% contributions of 
rice and fruit areas, respectively. Total vegetable production reached 3.0 million t in 1997 for an 
average yield of about 17.1 t/ha (PDAF 1997). 
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In 1992, the average per capita food availability at the consumers’ table was slightly higher than 1.5 
kg/day, of which grains (including pulses and starches), livestock products, vegetables, fruit, and 
other food items constituted, respectively, 29%, 25%, 20%, 18%, and 8% (COA 1994). Twenty-two 
percent of the total food expenditure goes to vegetables, which is about equally distributed among 
leafy, fruit, and root vegetables. 

I m porta n t Vegetables 

Currently, hundreds of vegetable species are grown in Taiwan. These can be classified into four 
categories based on the edible part of the plants, i.e., leaf, stem, root, and fruit (Table 1). Among the 
four groups of vegetables, fruit vegetables lead in both production and value, followed by 
stem, leaf, and root vegetables. During the period 1972-97, production and value of root vegetables 
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were most stable. The importance of leafy vegetables in total vegetable production and stem 
vegetables in total vegetable value declined, while the share of fruit vegetable production and value 
increased during this period. Most of this structural change occurred during the early 1970s. 

Table 1. Production and value share (%) of vegetables by group, 1972-97 

Leafy Stem Root Fruit Total (incl. melon) 
Year Production Value Production Value Production Value Production Value Production Value 

(‘000 t) (million TWD) 

1972 
1977 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

30 
26 
25 
23 
22 
22 
23 
23 
23 
22 
22 
22 
23 
22 
25 
24 
26 
26 

21 27 
20 24 
20 24 
20 24 
16 24 
17 25 
19 24 
19 26 
19 27 
19 29 
19 30 
17 28 
17 28 
17 29 
19 27 
17 28 
19 26 
19 27 

45 
36 
37 
31 
35 
32 
30 
30 
31 
34 
34 
35 
32 
30 
32 
36 
34 
34 

11 
11 
9 
9 
9 
9 
9 
9 
8 
8 
9 
9 

10 
9 

11 
11 
12 
10 

6 
7 
6 
6 
5 
5 
5 
6 
5 

6 
6 
5 
6 
6 
7 
6 
7 
6 

32 
39 
42 
44 
45 
44 
44 
42 
42 
41 
39 
41 
39 
40 
37 
37 
36 
37 

28 1,704 
37 2,587 
37 3,044 
43 3,019 
44 3,416 
46 3,243 
46 3,128 
45 3,284 
45 3,095 
41 2,955 
41 2,713 
43 2,864 
45 2,825 
47 2,840 
42 2,594 
40 2,853 
40 3,059 
41 3,004 

4,527 
12,261, 
22,096 
26,555 
26,494 
26,507 
26,610 
28,204 
28,128 
27,788 
26,854 
29,273 
30,417 
30,817 
28,972 
33,866 
36,079 
35,637 

Source: PDAF, various issues b (1973-98). 
Primary species in each vegetable group include the following: 
(1) Root vegetables: radishes, carrots, other root vegetables. 
(2) Stem vegetables: ginger, taros, scallion, scallion bulbs, onions, leek, garlic, garlic bulbs, water chestnuts, water bamboo, 

(3) Leafy vegetables: cabbage, leaf-mustard, Chinese cabbage, celery cabbage, kangkong, celery, other leaf vegetables. 
(4) Fruit vegetables: cauliflower, lily flower, oriental pickling melons, cucumbers, white gourds, bitter gourds, eggplant, 

tomatoes, peppers, kidney beans, peas, vegetable soybeans, watermelons, seed watermelons, muskmelons, 
cantaloupe, strawberries, other fruit vegetables. 

bamboo shoot, asparagus, other stem vegetables. 

Note: To save space, some early years (1973-76, 1978-81) are not reported. 

Among the primary vegetable species, bamboo shoot, watermelon, cabbage, vegetable soybean, 
radish, carrot, Chinese cabbage, and tomato are the leading commodities, accounting for more than 
half of the total area of vegetables in the country (Table 2). 
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Regional Distribution and Growing Seasons 

Vegetable production in Taiwan is concentrated in certain locations because of comparative 
advantage of these locations (Table 2). This might be due to a number of factors affecting costs, 
including climate, availability of varieties, labor cost and availability, and proximity to a major 
consumption areas. Major vegetable growing areas include Yunlin, Chiayi, Changhwa, Tainan, and 
Pingtung Prefectures. The combined tonnage of these five prefectures represents almost two-thirds of 
the national total production. Among the top four vegetable producing prefectures, Changhwa 
specializes in stem vegetables, Yunlin and Changhwa specialize in leafy vegetables, and Pingtung 
specializes in fruit vegetables. 

Many species can be grown in Taiwan all year round. Generally, leafy vegetables need less time to 
grow. For instance, Chinese mustard takes only 25-30 days to mature. In some specialized vegetable 
production areas, there can be eight to ten harvests of short-duration crops. On the other hand, 
bamboo and asparagus are annual crops (Table 2). 

Table 2. Production area, growing and harvesting seasons, and new varieties of major vegetables 

Vegetables Growing Harvesting New/currently grown Production county 
(% of production season season varieties (% of total production) 
of all vegetables) 

Leafy Vegetables 
Cabbage (8.4) Aug-Apr 

Chinese cabbage Year round 

(4.2) 

Chinese mustard Year round 

(2.8) 

Kangkong (1.5) Year round 

Leaf mustard Nov-Jan 

Stem Vegetables 

Asparagus (0.2) Apr-Oct 

(1.6) 

Bamboo shoot Jan-Dec 
(11.7) 
Garlic* (1.2) Nov-Apr 

Aug-Apr 

Aug-Apr 

Year round 

Year round 

Nov-Jan 

Apr-Oct 

May-Oct 

Nov-Feb 

K-Y Cross, Sha-Phong No.1, 
Summer Summit, 
Summer Autumn 
Jewel, Hamamidori, 
Changpuh, Taoyuan- 
AVRDC No.2 
Fengshan Pai-tsai, 
San-Fang No.2, Golden Pai-tsai, 
Tokyo Pai-tsai, Shandong round 
leaf Pai-tsai 

- 

Yunlin (25), Changhwa (23), 
Taichung (14), Yilan (8) 

Yunlin (49), Changhwa (18), 
Chiayi (13), Yilan (5) 

Yunlin (53), Taipei (9), 
Taoyuan (7), Changhwa (5) 

Yunlin (16), Tainan city (15), 
Changhwa (13), Taipei (9) 
Yunlin (51), Chiayi (13), 
Changhwa (9), Miaoli (6) 

- Changhaw (38), Chiayi (26), 
Pingtung (13), Tainan (9) 

- Yunlin (31), Chiayi (21), 
Tainan (1 I),  Nantou (6) 
Yunlin (33), Yilan (25), Northern garlic, 

Flowering garlic Taichung (13), Changhwa (7) 
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Contd. Table 2. 

Vegetables Growing Harvesting New/currently grown Production county 
(% of production season season varieties (% of total production) 
of all vegetables) 

Garlic bulbs' 

(1.8) 
Onion* 

(1.3) 
Scallion* (3.5) 

Root Vegetables 

Carrot (4.5) 

Radish (5.0) 

Taro (1.3) 

Fruit Vegetables 
Cauliflower 

(2.4) 

Cucumber 

Kidney beans 

Tomato (4.0) 

(1.9) 

(0.9) 

Vegetable 
soybean* (5.7) 
Watermelon 
(10.7) 

Mar-May 

Dec-Apr 

Year round 

Dec-Apr 

Jan-Dec 

Jan-Dec 

Aug-Apr 

Jan -Dec 

May-April 

Jan -Dec 

Jan-Dec 

Feb-Apr 

Mar-May 

Feb-Apr 

May-Jul 

Dec-Apr 

Aug-Apr 

Jul-Sep 

Aug-Apr 

March-Nov 

May -Sep 

Jan-May, 
Oct -Dec 

May-Sep 

May-Jul 

Hsilo-Black leaf, Homei 
Pu garlic, Flowering garlic 
Caulifonia 505, Caulifonia 
606, Caulifonia 707 
Lan Yang No.1, Fragrant 

Fengshan Extra Early, 
Farmers Early No. 2, 
Ching-Nong 80 days 

- 

Taichung No. 1, Everest, 
Similo, Thailand 
Taichung-AVRDC No. 4 
Hwalien-AVRDC No.5, Santa, 
Farmers 301, Season Red 
KS. 5,  KSS. 1 

Empire No. 2, Empress, 
Quality, Yellow Super, 
Supreme Baby, Pink Orchid 

Yunlin (83), Tainan (8), 
Changhwa (4) Tainan city (2) 
Pingtung (89), Changhwa (6), 
Kaohsiung (5 )  
Yunlin (54), Changhaw (11), 
Yilan (9), Taichung (4) 

Tainan (54), Yunlin (23), 
Changhwa (19), Tainan city (4) 

Changhwa (20), Tainan (19), 
Yunlin (15), Chiayi (14) 

Pingtung (30), Miaoli (22), 
Taichung (21), Kaohsiung (8) 

Changhwa (58), Kaohsiung (14), 
Chiayi (13), Miaoli (5 )  

Pingtung (33), Changhwa (17), 
Kaohsiung (17), Nantou (9) 
Pingtung (55), Changhwa (14), 
Kaohsiung (7), Nantou (7) 
Tainan (35), Chiayi (21), 
Yunlin (12), Kaohsiung (9) 

Yulin (27), Pingtung (25), 
Changhwa (15), Tainan (1 3) 
Yunlin (28), Tainan (20), 
Changhwa (14), Chiayi (12) 

Source: The growing and harvesting seasons were determined after the discussion of PDAF and AVRDC scientists. The 
percentage contribution of a crop in production of all vegetables and percentage contribution of a county in total 
area were estimated from data in PDAF (1998). For new varieties see Ku (1995). 

Variety sources are from personal communications with scientists at AVRDC. 
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Trends in Vegetable Production 

The linear and quadratic trends in area, production, and yield of individual and total vegetables are 
reported in Table 3. Most of the individual vegetable species experienced an increasing trend in area 
in the beginning of the period 1970-97, followed by a declining trend in later years. In celery, the 
area continued to decline throughout the period at a constant rate, while for water chestnuts, leaf 
mustard, radish, and oriental picking melon, the area declined at an increasing rate. Leek and white 
gourd area remained almost stagnant during the period. 

Table 3. Trends in area, production, and yield during 1970-97 

Vegetable Area Production Yield 
t t² t t² t t² 

Asparagus 
Bamboo shoot 
Cabbage 
Carrots 
Cauliflower 
Celery 
Chinese cabbage 
Cucumber 
Eggplant 
Garlic 
Garlic bulbs 
Ginger 
Kangkong 
Kidney beans 
Leaf mustard 
Leek 
Muskmelon 
Onion 
Oriental pickling melons 
Peas 
Pepper 
Radish 
Scallion 
Scallion bulbs 
Taro 
Tomato 
Water chestnuts 
Watermelon 
White gourd 
Other vegetables 
Total vegetables 

0.045 
0.126 
0.01 5 
0.103 
0.098 

0.039 
0.084 
0.065 
0.065 
0.135 
0.083 
0.038 
0.101 

-0.029 

0.213 
0.059 

0.125 
0.132 

0.063 
0.161 
0.119 
0.166 

0.055 

0.096 
0.067 

-0.007 
-0.003 
-0.002 
-0.003 
-0.005 

-0.002 
-0.004 
-0.004 
-0.004 
-0.005 
-0.005 
-0.002 
-0.006 
-0.001 

-0.010 
-0.003 
-0.005 
-0.007 
-0.005 
-0.002 
-0.002 
-0.007 
-0.005 
-0.008 
-0.004 
-0.002 

-0.003 
-0.003 

0.156 
0.027 
0.170 
0.123 

0.058 
0.111 
0.103 
0.087 
0.114 
0.117 
0.041 
0.130 
0.046 
0.028 
0.229 

-0.071 

0.130 
0.035 
0.068 
0.175 
0.144 
0.290 

0.018 

0.090 
0.082 

-0.006 
-0.004 
-0.002 
-0.005 
-0.006 

-0.003 
-0.005 
-0.005 
-0.005 
-0.005 
-0.005 
-0.001 
-0.007 
-0.002 

-0.01 0 

-0.004 
-0.002 
-0.002 
-0.007 
-0.004 
-0.012 
-0.004 

-0.003 
-0.003 

-0.019 
0.030 
0.008 
0.067 
0.026 
0.01 5 
0.013 
0.026 
0.039 
0.018 

0.024 

0.029 
0.033 
0.037 
0.016 

-0.008 

-0.101 

0.021 
0.01 2 
0.019 
0.035 
0.124 

-0.031 
0.018 

0.013 

-0.001 

-0.001 
-0.001 

-0.001 
-0.001 

0.001 
-0.001 

0.001 
0.006 

-0.004 

0.001 

0.001 

- indicates that the coefficient is not significant at the 5% level. 
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For most vegetables, similar production trends can be observed, i.e., an increasing trend in the initial 
years (1970-81), then a slowdown in the rate of increase or even a declining trend in the later years 
(1982-97). Leek and watermelon increased, while oriental picking melon decreased at a constant 
linear rate throughout the period. Asparagus and water chestnuts declined at quadratic rates. Celery, 
onion, peas, and white gourd production exhibited no trends. 

Technological innovation increased vegetable yields at a constant linear rate of 1.3% per annum 
during 1970-97. Most vegetables follow the linear increase in yield with varying rates, except 
Kangkong, oriental picking melon, and other vegetables which experienced quadratic increase in 
yields. The yields of carrots, bamboo shoot, cauliflower, cucumber, eggplant, tomato, and kidney 
beans increased early in the period but their yields stabilized or even declined in the later years, as 
reflected by a negative and significant quadratic term in these cases. The opposite is true for peas and 
watermelon. Garlic bulbs and asparagus experienced a constant yield decline throughout this period, 
while the yield of onion, water chestnut, and pepper was stagnant. 

Variability in Production 

Detrended coefficients of variation (CV) in area, production, and yield for selected vegetable species 
and for total vegetables are reported in Table 4. For comparative purposes, corresponding CVs were 
also estimated for rice. In addition, the table reports the detrended CVs of the farm-gate and retail 
prices of selected vegetables. 

Table 4. Detrended coefficients of variation (%), 1970-1997 

Crop Area Production Yield Price* 
Farm gate Retail 

Asparagus 
Bamboo shoot 
Cabbage 
Carrots 
Cauliflower 
Celery 
Chinese cabbage 
Cucumber 
Eggplant 
Garlic 
Garlic bulbs 
Ginger 
Kangkong 
Kidney beans 
Leaf mustard 
Leek 
Muskmelon 
Onion 

16.6 
11.3 
9.3 

18.9 
23.5 
26.0 
20.0 
21.7 
19.5 
19.9 
28.3 
54.7 
12.0 
28.5 
13.1 
19.0 
44.8 
20.4 

18.9 
13.6 
10.9 
17.5 
27.2 
28.1 
19.1 
25.0 
23.7 
23.8 
26.7 
61.8 
8.5 

32.8 
14.9 
21.5 
46.5 
21.2 

16.5 
11.1 
4.2 
7.5 
6.8 
3.6 
4.0 
6.1 
6.0 
8.3 

13.7 
8.2 
9.7 
4.4 
6.0 

18.9 
7.8 

16.4 

17.7 
38.3 
10.6 

14.3 

18.0 
31.6 

43.5 

31.4 

12.8 
20.9 
9.9 

11.1 

11.0 
23.7 

29.3 

15.6 
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Contd. Table 4. 

Crop Area Production Yield Price* 
Farm gate Retail 

Oriental pickling melons 
Peas 
Pepper 
Radish 
Scallion 
Scallion bulbs 
Taro 
Tomato 
Water chestnuts 
Watermelon 
White gourd 
Other vegetables 
Total vegetable 
Rice 

19.7 
32.0 
19.1 
10.2 
10.9 
38.2 
28.2 
37.8 
50.9 
12.2 
20.8 
14.9 
14.0 
6.8 

22.2 
23.2 
18.0 
14.9 
9.5 

39.8 
24.5 
57.7 
52.7 
15.2 
26.5 
10.4 
14.5 
7.7 

14.5 
30.3 
11.8 
5.6 
4.7 

18.6 
9.2 

22.2 
12.0 
12.5 
14.0 
7.4 
2.8 
3.8 

19.7 
22.1** 
20.4 

18.4 

17.4 

10.0 
9.0 

16.0 
13.6** 
14.5 

12.2 

7.9 

8.3 

* Price data is for 1977-97. 
** For green pepper only. 
- means data were not available. 
Source: Estimated from data reported in PDAF, various issues b (1 971-1998). 

With only a few exceptions, the CVs for area, production, and yield of individual vegetable species 
are higher than the corresponding rice CVs, indicative of the higher risks involved in vegetable 
production. Even the CVs of area and production for total vegetables, where high variation in one 
vegetable species is expected to be balanced by lower variation in other species, are almost twice the 
CVs of area and production of rice. On the other hand, yield variation of individual vegetable crops 
seems to be negatively related, resulting in a relatively low CV for the yield of all vegetables. 

Generally, the CVs in vegetable area are much higher than the CVs in yield of individual vegetable 
species, as well as of total vegetables as a group, indicating that variation in area was the main 
contributing factor to the high variation in vegetable production. Factors like limited market size for 
individual vegetable species, geographical dispersion of small vegetable-growing farmers, and lack 
of knowledge about other farmers' actions regarding each individual vegetable species result in high 
instability in prices, which in turn is an important determinant of high year-to-year fluctuations in 
vegetable area. 

A high variation in production creates high variation in prices (Table 4). The price variations in 
individual as well as total vegetables are generally higher than in rice. The variation in farm-gate 
prices generally exceeds that of retail prices, indicating that marketing agents helped to stabilize 
prices by adjusting their profits. The stabilizing effect of marketing agents is often overlooked in the 
literature. 
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Seasonality 

Seasonality in Supplies and Prices 

A major problem facing farmers who grow vegetables during the summer is the regular occurrence of 
typhoons and floods that can cause severe damage to their crops. After each natural disaster, fields 
have to be replanted, yields of crops are reduced, and market supplies are interrupted. On the other 
hand, vegetable area and production increases during winter (Table 5), when many farmers tend to 
grow short-duration vegetables. This can actually cause economic problems to them because of 
market gluts, which force prices lower than production costs (Huang 1992b). Ke (1982) also 
observed significant seasonality in the production of major vegetable crops. 

Wind and flood resistant varieties, protected cultivation, and the use of canned vegetables can reduce 
vegetable shortage during the summer season (Yang 1992). On the other hand, Liao (1975 and 1976) 
suggested encouraging highland production especially by setting specialized production zones to 
increase supplies of summer vegetables. This would extend the economic use of highland areas, and 
benefit highland farmers. 

Table 5. Seasonal area and production share (%) of selected vegetables, 1996 

Vegetable Area Production 
1st crop 2nd crop Winter crop 1st crop 2nd crop Winter crop 

Cabbage 35.6 27.6 36.8 29.6 30.6 39.8 

Carrots 1.0 17.0 82.0 0.7 11.9 87.4 
Chinese cabbage 24.5 30.2 45.3 20.6 28.9 50.5 
Chinese mustard 36.8 34.9 28.3 36.7 34.5 28.8 
Muskmelon 44.1 36.1 19.8 45.8 33.3 20.9 
Radish 15.8 22.4 61.8 12.1 19.2 68.7 
Tomato 28.1 18.2 53.7 21.5 15.0 63.5 
Watermelon 69.5 18.9 11.6 76.0 13.4 10.6 

Note: 1st crop refers to crops planted between Jan 1 and April 30, and harvested in the same year. 
2nd crop refers to crops planted between May 1 and Sep 30, and harvested in the same year. 
Winter crop refers to crops planted between Oct 1 and Dec 31, and harvested the following year. 

Cantaloupe 39.3 19.6 41.1 39.9 20.7 39.4 

Source: PDAF (1997). 

Seasonality in vegetable production can also be investigated based on the monthly wholesale trade 
volumes and wholesale prices. High transactions in vegetables occur in December-January with a 
seasonal transaction index of around 100, compared to a low transaction index of around 73 in 
August-September. Almost a mirror image of transaction can be observed in the wholesale prices 
(Figure 2). 
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Fig. 2. Seasonality in the wholesale vegetable transaction and wholesale prices (average 1990-97) 

Wide variation in monthly wholesale price indices of individual vegetables is also observed, 
indicative of the seasonal pattern in these prices; prices of most vegetables tend to be high during 
June-September, while they normally start declining from October, and remain low during January- 
March. For bamboo shoot, prices are high during January-April, which reflects an opposite pattern 
compared to that in other vegetables (Table 6). 

Table 6. Seasonal indices for wholesale vegetable prices (average of 1990-97) 

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

Leafy vegetables 
Cabbage 100 95 91 87 131 209 244 365 335 245 136 146 320 
Chinese cabbage 100 97 117 165 167 246 249 318 307 201 152 159 228 
Kangkong 100 93 106 101 81 90 86 124 107 85 90 110 53 
Stem. vegetables 
Bamboo shoot 100 116 110 99 84 64 60 81 79 72 74 88 93 
Garlic 100 111 102 106 136 175 194 235 273 245 193 134 173 
Celery 100 100 108 121 136 176 227 251 256 193 167 132 156 
Onion 100 96 85 81 89 97 104 114 123 116 109 104 52 
Root vegetables 
Carrot 100 98 97 104 114 120 122 132 145 147 138 121 52 
Potato 100 103 100 99 101 108 109 114 118 121 116 100 22 
Radish 100 95 97 118 173 245 288 338 361 176 113 114 280 
Fruit and flower vegetables 
Cauliflower 100 98 127 142 177 248 307 362 421 242 162 166 330 
Sweet pepper 100 112 100 107 103 136 197 215 286 241 142 113 186 
Tomato 100 88 100 108 123 131 171 217 227 220 160 120 159 

All vegetables' 100 98 99 105 111 128 131 162 161 128 111 112 68 

Source: PDAF, various issues c (1991-1998). 
'Monthly all vegetable prices were estimated as total vegetable transaction volume divided by the value of the transaction. 
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Seasonality in Consumption 

The monthly consumption survey in Taipei City gives indication of the seasonal consumption and 
retail prices of vegetables in the country (Figure 3 ) .  Vegetable consumption peaks during the winter 
and spring seasons, then sharply declines during the summer months. The consumption of vegetables 
drops as much as 23% in the summer, and retail prices increase by 50%. However, a recent survey by 
the socioeconomics unit of the Asian Vegetable Research and Development Center (AVRDC) 
suggests much less seasonality (only 14%) in vegetable consumption in Taiwan. 

I I I I I I I I I 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  

Months 

Source: Official data from Taipei Municipal Government 

Fig. 3. Seasonality in vegetable prices and consumption in Taipei City (average 1974-92). 

Characteristics of Vegetable CuItivation 

Size of Farms 

The average size of a Taiwan vegetable farm was 0.86 ha in 1992, similar to the average fruit farm 
but smaller than the average rice farm (Table 7). The limited size of farms means they are intensively 
utilized but difficult to mechanize. However, harvesting machinery and automatic seeding techniques 
for vegetables are continuously being developed by various agricultural experiment and research 
stations. 

Table 7. Average farm size (ha) by product group, 1985-92 

Year Rice farm Tree/fruit farm Vegetable farm 

1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

1.13 
1.14 
1.17 
1.14 
1.16 
1.14 
1.14 
1.09 

0.76 
0.73 
0.67 
0.82 
0.81 
0.77 
0.75 
0.87 

0.48 
0.60 
0.61 
0.69 
0.76 
0.63 
0.88 
0.86 

Data Source: PDAF, various issuesª (1985-1992). 
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Type of Labor 

Because vegetables require intensive care, from seeding to harvest to marketing, vegetable 
production is more labor intensive than cereal production. Most vegetable farms are highly 
dependent upon family labor, although the contribution of hired labor is generally higher in 
vegetables than in cereal crops. However, family labor has been declining steadily. The farm 
population is becoming older, which is likely to result in serious labor shortages, especially for 
vegetable cultivation. In Taiwan, the proportion of female labor in vegetable cultivation is generally 
higher than male. Moreover, the female proportion of labor is higher in vegetables than in other field 
crops, such as maize (Table 8). 

Table 8. Labor requirements and type of labor used in vegetable and field crop cultivation, 1997 

Crop 
Source of labor (%)¹ Gender (%)² 

Family Hired Female Male Total labor (hrlha)¹ 

Bamboo shoot (nakai) 
Bitter gourd (1st crop) 
Cabbage (2nd crop) 
Carrot 
Cauliflower (2nd crop) 
Chinese cabbage (2nd crop) 
Chinese mustard (1st crop) 
Garlic bulbs (winter crop) 
Onion 
Peas (winter crop) 
Radish (winter crop) 
Scallion 
Sponge gourd 
Tomato 
Tomato (small) 
Vegetable soybean (1st crop) 
Maize (2nd crop) 
Rice (Japonica, 2nd crop) 

95.7 
94.4 
95.7 
90.0 
96.7 
79.8 

100.0 
80.8 
82.1 
88.8 
90.8 
96.5 
97.1 
97.2 
93.1 
95.2 
98.6 

4.3 
5.6 
4.3 

10.0 
3.3 

20.2 
0.0 

19.2 
17.9 
11.2 
9.2 
3.5 
2.9 
2.8 
6.9 
4.8 
1.4 

19.1 
54.8 
44.3 
57.0 
59.8 
59.5 
56.2 
67.2 
76.5 
74.2 
48.8 
48.3 
39.1 
64.0 
64.1 
25.6 
42.1 

80.9 
45.2 
55.7 
43.0 
40.2 
40.5 
43.8 
32.8 
23.5 
25.8 
51.2 
51.7 
60.9 
36.0 
35.9 
74.4 
57.9 

1267 
2040 
740 
293 
91 0 
603 
928 
775 

1016 
1606 
166 
92 1 

1899 
4723 
5503 

156 
121 
163* 

Source: ¹ The estimates are based on relative expenditures on each type of labor; ²PDAF (1998). 
*To estimate this, the total labor cost was divided by the average farm wage rate for men and women. 

Vegetable-based Cropping Patterns 

Alternative cropping patterns for vegetables are presented in Figure 4. Because rice is the principal 
staple food of the Chinese people, most of Taiwan's crop land has been engaged in growing paddy 
rice. There are two crops of rice per year; the first rice crop covers the April-July period, while the 
second crop is grown between August and November. This leaves mid-December to mid-March as 
the spare period, which is normally used to grow vegetables. Hence, the most popular cropping 
pattern in Taiwan is rice-rice-vegetables. For the specialized vegetable farms, multiple cropping and 
harvesting six to seven times in one year is very common for most short-duration vegetable crops. A 
detailed discussion on vegetable copping patterns in Taiwan can be seen in Hwang (1 980). 
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Fig. 4. Cropping pattern of vegetable farms in Taiwan. 

Developments in Vegetable Production 

Cultivation Under Structures 

To ensure production of summer vegetables, especially leafy vegetables, protected cultivation was 
introduced to farmers in 1971 and has been widely adopted. Protected cultivation methods include 
high-stand net houses, plastic tunnels, pipe houses, etc. High-stand net houses, which have been 
exclusively applied in the cultivation of leafy vegetables during the summer, protect crops from 
wind, rain, direct sunlight, and diseases; they speed crop growth and reduce the requirement for 
chemicals. Nevertheless, production in net houses can be negatively affected because: i) temperatures 
in the house usually exceed those outside, and ii) as a result of high temperatures and humid summer 
weather, ventilation can become problematic (Kuo 1993; Yang 1993b). Most vegetable cultivation in 
net houses takes place in the Yunlin and Changhwa Prefectures, and mostly in specialized production 
zones, with a total of about 400 ha in 1992 (PDAF 1993). 
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The plastic tunnel is designed to protect crops from cold waves of air and low winter temperatures. In 
1993, plastic tunnels were used on about 600 ha of vegetable land. 

The purpose for adopting pipe house cultivation differs according to the season. In the summer, a 
pipe house covered with plastic protects crops from heavy rains, without worsening ventilation. 
Closed pipe houses, which can keep plants warm when outside temperatures are low, are effective in 
growing off-season, high-return crops during the winter. 

The investment costs of protected horticulture depend on the type of structure used. High plastic net 
houses cost more than TWD300,000 per 0.1 ha, less than TWD50,000 for a low stand net structure of 
the same rounded configuration, and TWD50,000-100,000 for a concrete stand net house (Yang 
1993b). Adoption of protected production techniques is still low in Taiwan, mainly because of high 
investment costs. For hot pepper, current open field production practices are considerably more 
profitable than growing the crop in shelters, and the environmental conservation benefits obtained 
through protected management are not economical given the prevailing hot pepper prices (Jansen and 
Green 1994). Other constraints on protected vegetable cultivation are presented in Kuo (1 993). 

Institutional Reforms 

Taiwan has experienced rapid agricultural development since the 1960s, with significant changes and 
improvements in both production and market structures. The first four years of the government- 
sponsored agricultural marketing improvement program, begun in 1970, changed the emphasis in 
agricultural development from production to marketing. Reconstruction of wholesale markets was 
undertaken and cooperative marketing of fruits and vegetables was initiated in 1973 and aggressively 
promoted. During the 1970s, fruit and vegetable wholesale markets were reconstructed in five large 
consumption centers: Taipei, Keelung, Taichung, Tainan, and Kaohsiung. Meanwhile, more than 3 0 
fruit and vegetable wholesale markets were set up. As wholesale markets are crucial to agricultural 
price formation, modernization of market management and improved efficiency in transaction 
systems were encouraged under the Agricultural Products Markets Transaction Law (Wu 1993). 

Since 1973, the government has encouraged farmers in vegetable growing regions to form so-called 
specialized vegetable production zones under the Accelerating Rural Development Program (ARDP). 
The aims of the ARDP included improving yield and quality of vegetables, enhancing farm income, 
and reducing the gap between supply and demand for vegetables. Specialized zones were first set up 
near urban metropolitan areas such as Taipei and Kaohsiung. To qualify as a specialized production 
zone, a vegetable growing region must meet the following requirements: 
(1) grow vegetables year round; 
(2) have adjoining fields of at least 20 ha; 
(3) have a local farmers' association which stimulates and facilitates cooperative marketing. 

In turn, the government provides farmers with a revolving fund to jointly purchase seeds, pesticides, 
fertilizers, and machinery to reduce the cost of production. The local farmers' association is 
responsible for helping vegetable growers in each specialized zone to set up production teams, teach 
members improved cultural and management practices, as well as induce cooperation in practice 
(Hsieh and Chen 1991). 

Specialized zones are particularly concentrated near and around urban areas. Taipei City and Taipei 
Prefecture each have I4 specialized vegetable production zones, which grow mostly short-duration, 
high-value vegetable species with limited storage life (Chang 1993). 
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According to a survey conducted by Chang (1993), the total area of specialized vegetable production 
zones amounted to 2260 ha in 1992, operated by 116 production teams, with an average index of 
multiple cropping of 5.4. Although specialized zones account for less than 2% of the total vegetable 
area, their production is almost 7% of the total annual vegetable production. It is obvious that yields 
in specialized zones are considerably higher, and more stable, than in other vegetable production 
areas. 

Economics of Production 

Input Costs and Factor Shares 

Total vegetable production costs are generally 2-10 times higher than for rice, except in the case of 
radish and vegetable soybean where they are almost equal (Table 9). This is true despite the fact that 
some vegetables (e.g., cabbage, celery, cauliflower, etc.) have significantly shorter crop duration than 
rice. The considerable cash outlays in vegetable cultivation, which usually small farmers can ill 
afford, are likely to act as major constraints to expanding vegetable production. 

Table 9. Factor share and total costs for major vegetable and cereal crops, 1997 

Crop/ 
vegetable 

Factor share (%) 

Seed/ Labor Animals/ Fertilizer Chemicals Miscellaneous1 Total cost 
seedling machines (000 TWD/ha) 

Bamboo shoot (Nakai) 
Bitter gourd (1st crop) 
Cabbage (2nd crop) 
Carrot 
Cauliflower (2nd crop) 
Chinese cabbage (2nd crop) 
Chinese mustard (1st crop) 
Garlic bulbs (winter crop) 
Onion 
Peas (winter crop) 
Radish (winter crop) 
Scallion 
Sponge gourd 
Tomato 
Tomato (small) 
Vegetable soybean (1st crop) 
Rice (Japonica, 1st crop) 
Rice (Japonica, 2nd crop) 
Maize (2nd crop) 

3.2 80.6 0.0 12.0 0.9 
4.6 67.1 2.4 11.9 5.7 

10.7 53.4 5.1 12.8 10.4 
2.6 25.2 51.8 12.0 6.3 
8.6 57.3 4.9 9.7 8.9 

11.6 43.9 11.6 13.8 8.7 
1.6 77.4 4.8 8.3 2.8 

20.5 44.7 7.7 11.9 10.1 
6.2 59.2 12.0 8.3 7.2 
1.9 82.1 1.9 6.1 3.3 
3.4 29.1 39.8 12.1 10.0 

16.1 37.0 32.3 6.6 5.8 
7.3 67.6 2.0 7.3 3.0 
3.2 78.0 1.5 5.2 4.2 
1.4 74.8 1.2 4.8 2.9 

11.6 30.0 40.6 9.7 6.0 
8.3 32.5 43.8 7.0 6.6 
7.3 28.8 39.9 6.6 5.7 
4.4 29.5 45.0 12.7 4.2 

3.3 
8.3 
7.6 
2.1 

10.6 
10.4 
5.1 
5.1 
7.1 
4.7 
5.6 
2.2 

12.8 
7.9 

14.9 
2.1 
1.8 

11.7 
4.2 

276.7 
420.4 
207.9 
165.6 
224.3 
192.6 
175.7 
224.3 
207.4 
212.5 
91.5 

355.1 
397.6 
773.6 
941.5 

97.6 
83.5 
93.0 
58.8 

Source: PDAF (1998). 
¹Miscellaneous costs include energy, materials and equipment, irrigation charges, building expenditures (depreciation), 
farming tools (depreciation), and taxes and fees. 
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Labor is the major cost in vegetable cultivation. Its share of total cost varies from 25% in the case of 
carrot to more than 80% in peas. Seeds or seedlings are an important cost item in garlic bulb, 
scallion, Chinese cabbage, vegetable soybean, cabbage, and cauliflower. Mechanical power, mainly 
used for harvesting, is an important cost item in carrots, radish, scallion, and vegetable soybean. The 
cost share of chemicals hardly exceeds 10% in any crop. 

Absolute fertilizer and pesticide costs in vegetable cultivation generally exceed many times those in 
field crops; the only exception is field pea because of its natural soil nutrient (N) fixing capacity, and 
bamboo shoots, perhaps because of their natural resistance to insects and pests. However, with few 
exceptions, the relative share of these costs in the total cost is similar or even lower than rice 
(Table 9). 

Profitability 

Many factors, such as farm size, yield, number of multiple crops, cost of inputs, and degree of 
specialization, determine the profitability of vegetable production. Profitability also varies across 
different species, regions, and type of operation. For instance, average net earnings in lowland 
cabbage were significantly lower than in highland cabbage (Shuai and Chang 1992). The returns 
earned in the specialized zones for a typical vegetable were normally higher than on ordinary farms, 
except for cabbage and celery (Shuai and Chang 1992). Shuai (1988) found similar results for 
bamboo shoot. 

Table 10 presents the net return on farmers’ management for selected vegetables and alternative 
crops in 1997. Among the reported vegetable crops, the highest returns were associated with crops 
produced during the summer-fall period. Garlic bulb has negative return. However, if cost of family 
labor is excluded, then net returns are positive in all cases. 

Generally, net incomes from vegetables considerably exceed those from producing alternative cereal 
crops, such as rice and maize. However, due to their relatively high input costs, benefit-cost ratios in 
vegetable cultivation exceed those for other field crops only in a few cases (Table 10). 

Table 10. Economics of vegetable and cereal crops cultivation, 1997 

Cost and returns (000 TWD/ha) 
Crop/Vegetable Yield Variable Total Gross Net Benefit-cost Cost/kg 

(kg/ha) costs¹ costs² revenues benefit ratio (%)³ (TWD) 

Asparagus 4423 337.3 374.1 264.2 -73.1 -19.5 84.6 

Bitter gourd (1st crop) 19072 419.1 441.4 531.0 111.9 25.4 23.1 
Cabbage (2nd crop) 35484 206.4 222.7 313.4 107.0 48.0 6.3 
Carrot 50992 163.7 179.2 185.6 21.9 12.2 3.5 
Cauliflower (2nd crop) 24497 223.2 234.1 359.0 135.8 58.0 9.6 
Chinese cabbage (2nd crop) 33618 191.2 200.9 280.3 89.1 44.4 6.0 

Garlic bulbs (winter crop) 7252 221.6 235.5 227.5 5.9 2.5 32.5 
Onion 46103 206.1 231.9 259.2 53.1 22.9 5.0 

Bamboo shoot (nakai) 9221 274.1 306.9 495.1 221.0 72.0 33.3 

Chinese mustard (1st crop) 16639 174.4 182.0 377.5 203.1 111.6 10.9 
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Contd. Table 10. 

Cost and returns (000 TWD/ha) 
Crop/Vegetable Yield Variable Total Gross Net Benefit-cost Cost/kg 

(kg/ha) costs¹ costs² revenues benefit ratio (%)³ (TWD) 

Peas (winter crop) 
Radish (winter crop) 
Scallion 
Sponge gourd 
Tomato 
Tomato (small) 
Vegetable soybean (1st crop) 
Rice (Japonica, 1st crop) 
Rice (Japonica, 2nd crop) 
Maize (2nd crop) 

7868 
45464 
38448 
26887 
5521 5 
37330 

8393 
6094 
7094 
51 32 

211.1 
90.4 

326.3 
362.9 
772.8 
923.1 

96.5 
83.0 
92.7 
57.3 

227.2 357.9 146.8 
98.1 155.9 65.5 

367.3 387.4 61.1 
423.2 447.4 84.5 
791.9 960.2 187.4 
974.4 980.1 57.0 
108.1 122.1 25.6 
101.7 123.6 40.6 
107.3 164.8 72.1 
68.1 74.2 16.9 

64.6 
66.8 
16.6 
20.0 
23.7 
5.8 

23.7 
39.9 
67.2 
24.8 

28.9 
2.2 
9.6 

15.7 
14.3 
26.1 
12.9 
16.7 
15.1 
13.3 

Variable costs include costs for seed and seedling, fertilizer, human and animal labor (hired and family sources), 

²Total costs include variable costs plus land rent, interest, and expenditure on buildings and farming tools. 
³The benefit-cost ratio is defined as net benefit/total cost. 
Source: PDAF (1998), except for asparagus which is from PDAF (1994). 

mechanization, chemicals, energy, equipment, and irrigation. 

Total cost per kg of output varies from TWD2.2kg for radish to TWD84.6/kg for asparagus. The 
relatively high production cost of asparagus in Taiwan, mainly due to the high cost of labor, has 
rendered Taiwan's asparagus production uncompetitive with other countries (Kan 1986). Wu ( 1  986) 
found that aging of fields had caused the average yield of asparagus to decline, and the guaranteed 
purchase price for asparagus was too low to cover all the production costs. As a result, asparagus 
production in Taiwan is being phased out. 

Market i n g Systems 

In Taiwan, agricultural production is market oriented, and production and consumption decisions are 
separated. Most vegetable farms are small-scale, while most households consume many varieties of 
vegetables in small quantities daily. Such characteristics of small-scale production and diversified 
consumption make marketing functions extremely important for an efficient vegetable industry. 

Marketing Channels 

Vegetables grown in Taiwan move to domestic markets through many different channels with each 
channel involving a number of marketing stages. Most fresh vegetables are marketed through the 
following three channels (Wann 1993a): 

Shippers Channel 

Farmer shipper wholesaler jobber/retailer consumer. This channel is also called the 
traditional channel and is the longest marketing channel for fresh vegetables. Farmers may choose to 
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sell crops to shippers either before harvesting or at the local wholesale market. After grading and 
packing, mostly handled by shippers, products are shipped from their production regions to 
wholesale markets located near consumption centers. Jobbers and retailers purchase vegetables from 
wholesalers, and after cleaning and additional handling or packing operations, the produce is sold at 
local, traditional retail markets. 

Farmers' co-operative channel 

Farmer co-ops wholesaler consumer. This channel was created in June 1973. 
Since small-scale growers often lack market information and marketing capital, the terms of trade 
tend to be dominated by shippers in the traditional marketing channel. To improve the marketing 
system, the government has assisted and guided local farmer cooperatives to carry out a cooperative 
fruit and vegetable marketing program to ship fruit and vegetables jointly from production areas to 
consumption places via the fruit and vegetable wholesale markets. 

Direct channel 

Farmer co-ops produce packing/distribution center supermarket consumer. This channel 
was created in 1983. This channel, which has increased in importance in recent years, consists of the 
selling of produce by grower cooperatives directly to retail stores, restaurants, and institutions. 
Although it is not strictly farmer-to-consumer direct marketing, the aim is to stabilize farm income 
and reduce marketing margins. 

Market Efficiency 

The efficiency of the vegetable marketing system has often been criticized because of increasing 
marketing margins, poor packing methods, high wastage, and inconsistent grading. In general, pricing 
efficiency, performance of wholesale markets, progress in cooperative marketing, and marketing 
margins are the issues most agricultural marketing economists would choose to analyze. 

Performance of Wholesale Markets 

Presently, there are some 70 fruit and vegetable wholesale markets in Taiwan, established and owned 
either by the local government, farmers' associations, or as joint ventures between the two. These 
markets are nonprofit organizations with the primary goal of serving farmers. Among the 70 fruit and 
vegetable wholesale markets, only two Taipei markets have adopted an auction system, the others are 
of the price-negotiating type. 

The importance of wholesale markets has continuously risen during the last decade (Table 11). 
Currently, over 40% of total annual vegetable production is traded via wholesale markets. More 
detailed information about the distribution of vegetables is reported in Chen (1 99 1 a, b). 

Currently, most fruit and vegetable wholesale markets near consumption centers face serious space 
problems. Twenty years of experience with the wholesale market operated by Taipei Agricultural 
Products Marketing Corporation, for example, has demonstrated the shortage of facilities for auction, 
trading, and parking, obsolete cold storage facilities with limited space, and environmental 
deterioration due to surrounding traffic congestion. On the other hand, the transaction volumes in 
the wholesale markets located in production areas have decreased due to structural changes in the 
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industry and/or the increasing role of cooperative marketing. Some other markets have lost the 
opportunity for expanding or relocating due to a lack of long-run market development plans (Wu 
1993). There are also markets which have, through illegal activities of management authorities, all 
but lost their original wholesale function. 

Table 11. Vegetable production flow (‘000 t) through cooperative and wholesale marketing, 1980-1997 

Total Cooperative Wholesale 
Year production’ marketing2 marketing2 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

3225 
2902 
3044 
301 9 
341 6 
3243 
31 28 
3284 
3094 
2955 
271 3 
2864 
2825 
2840 
2594 
2853 
3059 
3004 

67 (2.1) 
69 (2.4) 
89 (2.9) 

100 (3.3) 
119 (3.5) 
126 (3.9) 
134 (4.3) 
141 (4.3) 
166 (5.4) 
176 (6.0) 
174 (6.4) 
197 (6.9) 
203 (7.2) 

217 (8.4) 
227 (8.0) 
223 (7.3) 
235 (7.8) 

212 (7.5) 

948 (29.4) 
919 (31.7) 

1075 (35.3) 
1069 (35.4) 
1224 (35.8) 
1249 (38.5) 
1175 (37.6) 
1113 (33.9) 
1161 (37.5) 
1069 (36.2) 
1071 (39.5) 
1171 (40.9) 
1147 (40.6) 
1160 (40.8) 
1172 (45.2) 
121 1 (42.4) 
1261 (41.2) 
1306 (43.5) 

Source: ’PDAF, various issuesb (1981-1998). ²PDAF, various issues c (1981-1998). 
Note: Wholesale marketing figures include foreign trade. 

Numbers in parentheses represent the percentage of total production. 

Performance of Cooperative Marketing 

Cooperative marketing in Taiwan has been promoted for more than 20 years. Since the inauguration 
of the Taiwan Fruit and Vegetable Corporation (renamed in 1984 as the Taipei Agricultural Product 
Marketing Corporation), volumes handled by vegetable cooperative marketing have increased 
annually, and the market share in terms of total production has gradually increased from 2% in 1980 
to nearly 8% in 1997 (Table 11). 

While wholesale markets in consumption areas are the major outlets for products marketed by farmer 
co-ops, nearly 95% of the vegetables and 80% of the fruit from cooperatives are concentrated in the 
two Taipei wholesale markets. This situation indicates that the number of outlets for products 
marketed by farmer cooperatives is limited. Meanwhile, the performance of cooperative marketing 
has been unsatisfactory, despite implementation of production planning since 1978. Inconsistent 
grading and packaging of cooperative produce has yet to be corrected (Wu 1993). 
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In addition, the changing structure of retailing in big cities, particularly the increased number of 
supermarkets, as well as the increase in the number of vegetable outlets, has made it difficult for the 
farmer co-ops to survive. However, these co-ops have turned to supplying vegetables to hospitals, the 
army, and other large institutional buyers. 

Marketing Margins 

Marketing margins, estimated from secondary price data, range from 39% to over 87% for different 
vegetables in different years. In general, marketing margins have widened over time, reducing the 
farmer’s share of the consumer price (Table 12). 

Table 12. Marketing margins (%) of selected vegetables, 1977-97 

Bottle Cabb- Cauli- Chinese Egg- Green Water- 
Years gourd age Carrot flower cabbage plant Garlic Ginger pepper Onion Peas Radish Spinach Tomato melon 

1977 60.2 61.1 56.2 58.6 63.4 57.2 51.8 54.5 49.2 60.3 42.2 63.0 58.6 72.0 64.9 
1978 61.9 66.9 60.7 61.9 63.7 57.6 58.0 55.0 55.3 70.7 48.3 68.4 59.0 68.3 62.8 
1979 67.7 71.0 60.8 61.0 68.9 60.1 47.9 50.9 48.5 56.0 46.4 67.2 60.0 68.7 57.4 
1980 61.0 67.0 58.8 55.8 65.1 59.9 45.0 44.6 43.5 53.2 44.6 68.1 57.2 55.8 57.3 
1981 58.1 64.0 53.5 63.6 64.5 58.3 58.8 50.8 46.2 81.3 45.5 70.8 61.2 45.7 60.7 
1982 66.2 72.3 64.1 69.9 66.8 61.5 48.1 52.5 56.4 58.7 53.9 76.0 61.4 62.4 58.6 
1983 61.8 65.4 64.0 68.0 64.1 61.4 43.1 43.8 53.2 62.1 46.9 76.3 61.4 63.7 59.0 
1984 61.8 70.2 62.9 64.5 62.4 61.0 59.8 54.5 53.6 62.8 48.7 76.8 57.1 64.9 58.7 
1985 65.5 68.5 70.0 68.3 70.2 62.2 56.7 55.5 60.4 54.2 51.9 73.6 65.4 67.7 58.9 
1986 64.6 64.3 69.6 68.4 66.7 64.7 63.3 56.4 65.5 60.7 62.1 71.3 60.3 63.9 64.8 
1987 67.6 68.8 66.3 69.0 65.7 63.9 51.1 56.0 61.6 60.4 41.4 74.0 56.0 68.1 60.4 
1988 71.1 70.1 63.6 65.7 65.7 62.8 73.4 62.7 59.6 61.7 62.3 72.4 59.0 59.4 57.3 
1989 71.0 69.9 69.6 65.0 74.1 64.2 77.5 65.0 61.0 74.6 60.3 74.0 72.7 64.8 64.3 
1990 66.9 71.8 70.8 68.3 65.2 56.3 73.9 57.9 55.8 59.5 67.9 68.7 71.9 70.7 62.9 
1991 74.2 72.3 72.5 69.0 69.7 63.2 84.6 40.9 63.8 62.7 55.7 77.6 72.8 67.7 66.5 
1992 64.3 76.3 84.5 70.8 70.1 60.3 81.7 62.3 62.7 74.1 44.0 71.4 76.2 59.9 61.1 
1993 70.5 75.2 83.2 69.8 68.0 65.9 81.7 58.6 66.2 80.6 57.1 73.6 74.4 61.2 62.5 
1994 69.7 70.0 83.5 68.8 64.4 61.5 85.8 38.9 62.7 71.0 59.7 75.7 81.8 61.1 68.0 
1995 68.5 75.1 46.9 71.0 66.6 65.4 79.0 58.6 58.2 61.1 50.0 78.3 77.6 64.2 57.4 
1996 66.5 72.8 78.1 67.2 68.1 59.9 69.2 54.1 61.4 83.4 51.1 78.7 70.1 61.8 69.7 
1997 73.0 74.6 84.7 73.7 71.4 70.5 87.0 52.2 79.1 87.2 64.8 73.8 71.0 71.5 76.5 

Source: Estimated from the farm-gate and retail prices reported in PDAF, various issues b (1980,1990,1998). 

The farmers’ share tends to increase after crop failure caused by natural catastrophe (e.g., typhoons). 
The same is true during the off-season in October (Table 13). Similar conclusions were reached by 
earlier studies which focused on the distribution of margins in different marketing stages with 
particular attention to the farmers’ share and the market power exercised by retailers (Yang 1992; 
Wann 1993a; Yang 1993a). 
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Table 13. Seasonal marketing margins for selected vegetables (1 991-94 average) 

Vegetable January October 
Retail price Farm price Margin Retail price Farm price Margin 
(TWD/kg) (TWD/kg) (%) (TWD/kg) (TWD/kg) (%) 

Cabbage 
Carrot 
Cauliflower 
Chinese cabbage 
Eggplant 
Peas 
Radish 
Spinach 
Sweet pepper 
Tomato 

27.3 
27.1 
44.0 
28.9 
44.1 
92.9 
25.4 
38.4 
56.3 
38.4 

6.8 
7.2 
9.2 
7.0 

16.1 
4.1 
5.2 

10.1 
24.5 
12.1 

75.1 
73.4 
79.1 
75.8 
63.5 
95.6 
79.5 
73.7 
56.5 
68.5 

52.3 
31.3 
68.2 
42.4 
51.8 

21 1.4 
37.9 
82.0 
86.4 
65.9 

15.0 
12.8 
22.2 
12.1 
20.3 

123.7 
8.0 

16.8 
46.8 
27.5 

71.3 
59.1 
67.4 
71.5 
60.8 
41.5 
78.9 
79.5 
45.8 
58.3 

Source: Retail and farm-gate prices were taken from PDAF, various issues b (1992-1995). 

The second approach to estimate the marketing margin is based on primary data collected by surveys 
on prices of raw products, marketing service costs, and wastage rates at each marketing stage. Shuai 
and Chang ( 1992) analyzed the farm-retail spread for selected summer vegetables in different 
marketing channels based on such survey data. They concluded that farm-retail spreads of summer 
vegetables in direct marketing channel are less than in other channels. Wann (1993a) concluded that: 
(i) profit absorbed most of the marketing margin; (ii) the highest marketing costs occurred at the 
retail stage in the form of retailers' profits; (iii) retailers receive the highest gross return and rate of 
return in comparison with other marketing agents; (iv) in the cooperative marketing channel, the 
highest rate of wastage occurs at the wholesale stage (Table 14). 

Pricing Efficiency 

Various empirical studies (Lin 1984; Wann 1993a; Yang 1993a) have concluded that the reason 
vegetable markets are not competitive is because of incomplete farm-wholesale-retail price 
transmission and asymmetric distribution of bargaining powers between sellers and buyers. On the 
other hand, vegetable retailers are often suspected of possessing a certain degree of market power 
since they usually adopt either a constant or fixed-proportion in the mark-up of prices, with a range 
of TWD 2-10/kg, amounting to 20-65% of the total margin. To analyze these hypotheses, the 
traditional approach is to disaggregate marketing margins into costs, transportation losses, and gross 
returns based on survey data. Subsequently, retailers' average net returns are estimated in order to 
determine whether they receive normal or excessive returns (Hsu 1984; Huang and Huang 1994). 
Since selling vegetables is a labor-intensive activity and is mostly a family business, net returns 
earned by vegetable retailers are hard to estimate. Thus, it can be expected that such accounting- 
based studies are not able to provide a convincing conclusion regarding pricing efficiency. 
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Table 14. Itemized marketing margin (% of the total margin) by types of markets in selected commodities, 1992 

Cabbage Cucumber Radish 
Item Middle Coop- Super- Middle Coop- Super- Middle Coop- Super- 

trader erative market trader erative market trader erative market 

Auction 
Transportation 4.5 
Material cost 2.9 
output loss 2.3 
Management 0.5 
Labor 1.6 
Profit 2.5 
Total 14.3 
Wholesale 
Transportation 1.3 
Material cost 1.3 
output loss 6.8 

Labor 1.3 
Profit 15.3 
Total 26.9 
Retail 
Transportation 3.4 
Material cost 4.2 
output loss 8.1 
Management 8.3 
Labor 0.4 
Profit 34.4 
Total 58.8 
Total margins of all channels 
Transportation 9.2 
Material cost 8.4 
output loss 17.2 
Management 9.7 
Labor 3.3 
Profit 52.2 

Management 0.9 

5.0 
2.9 
1.6 
2.6 
1.2 
0.0 

13.3 

1.7 
1.7 

10.9 
1.0 
0.0 

18.0 
33.3 

5.1 
3.7 
7.2 
7.8 
0.4 

29.2 
53.4 

11.8 
8.3 

19.7 
11.4 

1.6 
47.2 

Grand total 100.0 100.0 
Total margin 1518.2 1453.7 
(TWD/100kg) 

4.7 
2.7 
4.6 
0.0 
6.3 
4.9 

23.1 

10.0 
8.7 

15.9 
26.2 

5.5 
10.6 
76.9 

14.7 
11.4 
20.4 
26.2 
11.8 
15.5 

100.0 
765.6 

3.4 
6.8 
3.9 
1.2 
2.1 

13.2 
30.6 

1.6 
1.0 
3.8 
1.2 
0.0 

20.8 
28.4 

4.8 
5.6 
2.9 

10.2 
1.0 

16.5 
41.0 

9.8 
13.4 
10.6 
12.6 
3.1 

50.5 
100.0 

4.5 
4.6 
0.9 
4.8 
2.3 
0.0 

17.1 

1.5 
1.5 
5.6 
1.3 
0.0 

30.4 
40.3 

4.2 
4.5 
3.4 
8.5 
0.7 

21.3 
42.6 

10.2 
10.6 
9.9 

14.6 
3.0 

51.7 
100.0 

2206.4 1643.7 

3.3 
2.7 
1.4 
1.9 
1.4 

20.2 
30.9 

4.2 
4.2 
5.5 

11.7 
5.2 

38.3 
69.1 

7.5 
6.9 
6.9 

13.6 
6.6 

58.5 
100.0 

2742.6 

4.2 
3.6 
0.8 
0.8 
0.9 
8.1 

18.4 

3.2 
1.4 
5.7 
1.6 
1.2 

15.7 
28.8 

4.2 
4.0 
3.3 

11.1 
1.0 

29.2 
52.8 

11.6 
9.0 
9.8 

13.5 
3.1 

53.0 
100.0 

1298.6 

4.2 
3.1 
1.6 
2.2 
1.9 
0.0 

13.0 

1.6 
1.9 
6.3 
1.1 
0.1 

21.2 
32.2 

6.1 
4.2 
3.9 
9.3 
1.3 

30.0 
54.8 

11.9 
9.2 

11.8 
12.6 
3.3 

51.2 
100.0 

1319.6 

6.1 
4.1 
2.0 
1.0 
4.4 
7.5 

25.1 

10.3 
8.5 
7.1 

11.4 
10.5 
27.1 
74.9 

16.4 
12.6 
9.1 

12.4 
14.9 
34.6 

100.0 
893.6 

Source: Wann (1993a). 

Yang (1992) and Wu (1992) tested the hypothesis that vegetable retailers make only normal profits. 
Empirical results indicate that retailers of Chinese cabbage, Chinese mustard, cabbage, cauliflower, 
and carrot all had opportunities to make abnormal profits, particularly during the main crop season 
and when typhoons occur. 
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International Trade 

The main market for Taiwan vegetables is domestic. In 1997, a total of 116,000 t (or about 4% of 
total domestic production) was exported, while 61 8,000 t (or 20.6% of total domestic production) 
was imported. 

Total volume of vegetable exports increased from 352,700 t in 1973 to a peak of 568,400 t in 1984. 
Over that period, exports accounted for nearly one-sixth of the total domestic production of 
vegetables. Since 1984, annual export volumes declined rather rapidly. The decline was initially the 
result of a decrease in the export of processed mushroom and asparagus, but later in the fresh 
vegetables as well. The quantity of vegetable exports declined at an average rate of 4.8% per annum 
between 1993 and 1997 (Table 15). 

The picture of vegetable imports is completely the opposite of that of vegetable exports. Just prior to 
1981, vegetable imports ranged between 31,000 and 59,000 t. By contrast, volume of vegetable 
imports increased dramatically from 1980 onwards and reached over 600,000 t in 1997. In addition, 
the proportion of imports to availability also increased significantly, from 2% in 1973 to about 18% 
in 1997 (Table 15). 

Taiwan is now facing a deficit (volume) in international vegetable trade, after enjoying continuing 
surpluses during the 1970s and 1980s. Even the balance of payments (value) in vegetable trade has 
lately converted into deficit. However, the value of vegetable exports did not decline as rapidly as 
export quantities. In fact, total value of vegetable exports decreased only moderately (the trend was 
statistically insignificant), despite a steep decline in export quantities. Thus, Taiwan is now 
concentrating on the export of high value vegetables. 

Vegetable exports have been an important source of farm income and have made a significant 
contribution to economic growth in Taiwan. In terms of individual product items, over 80 different 
kinds of vegetable products were exported each year. Among the vegetables exported, canned 
bamboo products, mushrooms, and tomatoes have been the leading processed vegetable products, 
while cabbage, carrot, onion, and potato have been the leading fresh vegetables. Exported volumes of 
canned mushrooms, asparagus, and bamboo shoots stood at over 400 million cases per year and 
ranked first in the world’s trade during the 1970s. Since then, canned vegetable exports have been 
phased out gradually. 

Although many different species are imported, onion and potato are the major imported vegetables. 

Exports of processed vegetable products mostly go to the Japanese market. Hong Kong, Singapore, 
and the United States are secondary markets. The principal export markets for fresh vegetables are 
Japan and Hong Kong (Ke 1982). 
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Table 15. Trends in international trade in vegetables, 1973-97 

Year Quantity traded 1'000 t) Share of import Value traded (million US$) 
Export Import Surplus in availability Export Import Surplus 

1973 352.7 
1974 307.3 
1975 334.8 
1976 425.5 
1977 468.8 
1978 553.8 
1979 543.2 
1980 550.2 
1981 479.6 
1982 495.2 
1983 440.5 
1984 568.4 
1985 476.0 
1986 496.8 
1987 438.2 
1988 341.4 
1989 353.4 
1990 289.7 
1991 267.8 
1992 204.6 
1993 169.7 
1994 152.8 
1995 162.0 
1996 152.7 
1997 115.5 
Growth rate (%)¹ -4.8 

30.6 
59.2 
53.6 
50.4 
49.8 
54.6 
44.5 
47.2 
69.7 
70.9 
60.0 

108.4 
338.8 
139.9 
99.0 

249.6 
478.0 
516.4 
61 5.0 
578.5 
503.7 
518.5 
414.0 
562.3 
617.8 

13.7 

322.1 
248.1 
281.2 
375.1 
419.0 
499.2 
498.7 
503.0 
409.9 
424.3 
380.5 
460.0 
137.2 
356.9 
339.2 
91.8 

-1 24.6 
-226.7 
-347.2 
-373.9 
-334.0 
-365.7 
-252.0 
-409.6 
-502.3 
-14.0 

2.0 
3.5 
2.8 
2.4 
2.3 
2.4 
1.8 
1.7 
2.8 
2.7 
2.3 
3.7 

10.9 
5.0 
3.4 
8.3 

15.5 
17.6 
19.2 
18.1 
15.9 
17.5 
13.3 
16.2 
17.6 
11.0 

166.9 
198.4 
194.0 
286.5 
373.2 
429.2 
418.0 
477.7 
448.3 
465.4 
383.9 
435.3 
360.4 
440.2 
452.0 
414.6 
437.7 
391.1 
367.4 
299.4 
263.3 
234.9 
21 2.3 
184.5 
151.6 

5.1 
10.3 
11.7 
14.1 
17.9 
20.0 
17.7 
22.6 
35.2 
34.2 
25.2 
28.1 
39.6 
31.8 
35.7 
60.3 
96.8 

139.1 
160.3 
169.4 
153.8 
178.1 
179.7 
230.7 
235.2 

14.7 

161.8 
188.1 
182.3 
272.4 
355.3 
409.2 
400.3 
455.1 
413.1 
431.2 
358.7 
407.2 
320.8 
408.4 
416.3 
354.3 
340.9 
252.0 
207.1 
130.0 
109.5 
56.8 
32.6 

-46.2 
-83.6 
-9.5 

Source: PDAF, various issues b (1974-1998). 
¹The growth rate in the trade surplus (both in quantity and value) was estimated after adding the highest negative figure in 

- implies that the growth rate is not significant. 
each year's surplus. 

Supply and Demand 

Availability 

In 1997, availability of vegetables in Taiwan at the farm-level, after accounting for international 
trade, was 3.5 million t, or an average of 162 kg/person. The trend in per capita availability during 
1962-97 remained generally upward, although the increase was at a much faster rate during 1967-80 
(Fig. 5). The availability from domestic sources has varied, and has depended upon weather 
conditions. For example, a rather sharp drop in per capita vegetable availability in 1990 and 1994 
was the result of severe crop damage caused by typhoons. Lately, however, availability has also 
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depended upon international trade, especially imports. The drop in per capita availability in 1995 can 
be attributed to a substantial decrease in imports. 

200 

150 

100 6 

50 

0 

62 64 66 68 70 72 74 76 78 80 82 84 86 80 90 92 94 96 
Year 

Per capita availability + Total availability 

Fig. 5. Annual per capita and total availability of vegetables in Taiwan (1962-97) 

Food availability patterns in Taiwan have changed dramatically during the last three decades. Daily 
per capita availability of all foods, after deducting the post-harvest losses, increased from about 1 kg 
in 1962 to more than 1.5 kg in 1992. The main increase came in the availability of fruits, vegetables, 
and livestock products, while daily per capita availability of food grains dropped during this period. 
Per capita annual vegetable availability increased at the rate of 2.34% per annum during 1962-82, 
while it remained almost stagnant afterwards. Cereal consumption declined at 1.08% per annum 
during the 1960s and 1970s, and at 0.8% per annum during the 1980s. However, availability of fruit, 
livestock products, and other foods continued to increase during the 1980s and early 1990s 
(Table 16). 

Table 16. Trends in per capita availability (g/day) of different food items, 1962-92 

Year Cereals, starches Vegetables Fruit Livestock Other food Total 
& pulses products items 

1962* 
1972* 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

639 
622 
498 
482 
467 
472 
477 
469 
471 

154 
250 
324 
31 9 
354 
348 
324 
343 
335 

59 
114 
196 
187 
205 
225 
21 9 
256 
286 

124 
192 
250 
259 
288 
306 
314 
342 
350 

38 
60 
96 

102 
1 04 
105 
115 
119 
120 

1014 
1238 
1364 
1349 
1418 
1456 
1449 
1529 
1562 
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Contd. Table 16. 

Year Cereals, starches 
& pulses 

Vegetables Fruit Livestock 
products 

Other food Total 
items 

1989 451 
1990 452 
1991 453 
1992 456 
Growth (62-82) (%)* -1.08 
Growth (82-92) (%) -0.80 

322 296 365 
290 298 372 
31 4 294 365 
31 6 273 381 

2.34 5.07 3.69 
-0.002 3.06 3.90 

121 1555 
1 24 1536 
123 1549 
125 1551 

3.92 1.38 
2.43 1.17 

The availability figures for vegetables in this table are lower than reported in Fig. 5 as these do not include the post-harvest 
losses. 
* To save space, all figures for the 1960s and 1970s were not reported here. However, all data were used to compute 

Source: COA, various issues (1981,1983 - 1994). 
growth rates. 

Consumption 

The types of vegetables consumed also changed during 1981-92 as both the absolute quantity and 
relative share of leafy vegetables decreased (Table 17). Per capita annual availability of root and 
stem vegetables, at the consumers’ table, increased at an annual rate of 1.5% during 1981-92. On the 
other hand, per capita availability of leafy vegetables declined at the rate of 2.5% per annum during 
the same period. However, it is worth mentioning that this decline was mainly due to a decrease in 
the availability of cabbage and Chinese cabbage. 

Table 17. Annual vegetable availability at the consumers table (kg/capita) by product group in Taiwan, 1981-92 

Year Leafy Root & stem Fruit Others Total 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
Growth rate (%) 

34.70 
35.23 
32.66 
33.30 
32.59 
31.64 
32.89 
31.47 
28.20 
26.81 
26.46 
28.92 
-2.5* 

36.13 
36.53 
31.55 
40.93 
41.1 1 
34.58 
39.76 
40.02 
41.67 
40.80 
39.76 
41.37 

1.5* 

26.05 
24.95 
22.36 
22.97 
25.57 
27.50 
28.46 
29.08 
25.06 
20.78 
27.69 
26.96 
0.45ns 

18.72 
21.50 
27.46 
31.88 
27.80 
24.57 
24.24 
21.53 
22.60 
17.52 
19.53 
17.90 
-1.9ns 

11 5.60 
118.21 
114.03 
129.08 
127.07 
118.29 
125.35 
122.10 
117.53 
105.91 
113.44 
115.15 

-0.047 

Data source: PDAF, various issuesb (1982-1992). 
* Significantly different from zero at the 5% level; ns not significant at the 5% level. 
These figures also do not include post-harvest losses, hence lower than reported in Fig. 5. 
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During the 1980s, nearly 70% of all vegetables consumed by households was purchased fresh. For 
Taiwan as a whole, vegetables account for about 30% of monthly household expenditures on 
supplemental food, over two-thirds of this amount being for fresh vegetables (Huang 1992b). 

A country-wide consumption survey in 1998 by the socioeconomics unit of AVRDC suggests that 
daily per capita expenditure made on food is NT$139. Twenty-two percent of the daily food 
expenditure goes to vegetables, 18% to each fish, meat, and fruits, 4% to rice, 5% to other cereals, 
6% to milk, eggs, and processed beans, and 8% to other foods. The share of leaf, fruit, and root 
vegetables in total vegetable expenditure is almost equal. 

Demand Elasticities 

Huang (1992a) estimated own-price demand elasticities and income elasticities for a number of 
vegetable species from single regression models where the quantity of annual consumption was 
specified as a function of retail price and per capita income, both in real terms. Generally, vegetable 
demand is price inelastic as elasticities are between zero and minus one. With the exception of 
asparagus, all of the examined species are normal goods, because their income elasticities are 
positive and less than one. Asparagus is a luxury good, because its income elasticity is more than one 
(Table 18). 

Table 18. Demand and income elasticities for selected vegetables, 1980-89 

Item 
Demand elasticities Income elasticities 

Elasticity t-statistic Elasticity t-statistic 

Leafy vegetables 
Cabbage 
Celery cabbage 
Chinese cabbage 
Leaf mustard 
Stem vegetables 
Asparagus 
Bamboo shoot 
Garlic 
Garlic bulb 
Onion 
Scallion 
Root vegetables 

Carrot 
Radish 
Taro 

-0.44 
-0.56 
-0.1 1 
-0.34 

-0.15 

-0.55 
-0.002 

-0.06 
-0.57 

-2.1 3* 
-3.48* 
-2.93* 
-1.44 

-2.98* 

-3.27* 
-1.01 

-1.05 
-3.60* 

0.30 
0.47 
0.07 
0.02 

1.56 
0.68 
0.32 
0.62 
0.64 
0.27 

0.25 
0.45 
0.84 

2.11* 
2.67* 
1.25 
2.05* 

2.05* 
1.75 
3.42 
2.66* 
2.62* 
2.14* 

2.56* 
3.20* 
3.14* 
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Contd. Table 18. 

Item 
Demand elasticities Income elasticities 

Elasticity t-statistic Elasticity t-statistic 

Fruit vegetables 
Cauliflower -0.35 -2.51* 0.18 3.57* 
Cucumber -0.56 -3.48* 0.04 2.48' 
Kidney bean -0.52 -1.76 0.39 3.48* 
Tomato -0.32 -2.08* 0.19 3.10* 
Vegetable soybean 0.74 1.22 

* Significant at the 5% level. 
- implies that data are not available. 
Source: Huang (1992a). 

Chen (1990) estimated demand elasticity of processed tomato with respect to guaranteed price and 
export price as -3.65 and 1.28, respectively. Price elasticities are higher than income elasticities in 
most cases. Ke (1982) observed income and price as major determinants in vegetable demand. 

Consumer Preferences 

There exists hardly any literature that has documented the characteristics of consumers' preferences 
for different types of vegetables, possibly reflecting the fact that individual preferences regarding 
vegetables are hard to identify and explain. Moreover, there has not been any study to investigate and 
compare consumers' preferences for vegetables in different regions or at different levels of income. 
However, it can be stated with confidence that Taiwanese consumers commonly prefer fresh leafy 
vegetables to other types of vegetables. Significant consumption of canned or frozen vegetables is 
observed only in post-disaster periods, particularly during the summer months. Wu (1989) noted that 
Taiwanese consumers are less interested in frozen vegetables than in fresh vegetables, possibly due 
to the relatively high prices of frozen vegetables. In his survey, 55% of consumers never used frozen 
vegetables. 

Policy Issues 

Guaranteed Prices 

Insufficient vegetable supply during the summer is hard to solve through storage because most of the 
vegetables have a short storage life. Moreover, Taiwanese consumers like fresh vegetables, and thus 
they might not like imported vegetables. In order to encourage summer production, stabilize summer 
vegetable prices, and to induce orderly marketing, the Taiwan Provincial Department of Agriculture 
and Forestry has since 1976 assured guaranteed prices and marketing contracts through farmer 
cooperatives for various important summer vegetables. Deficiency payments, equal to the difference 
between the guaranteed price to cooperative marketing producers and the actual market price 
multiplied by the quantity set by the summer marketing contract, act as an incentive to farmers to 
increase planted areas of summer vegetables. These measures, together with the adoption of heat- 
tolerant vegetable varieties, resulted in a reduction of the seasonal variation in vegetable prices of 
high seasonal crops, such as tomato (Figure 6). 
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Fig. 6. Seasonality in tomato prices in Taipei city, Taiwan 

Compared to a government purchase program, the deficiency payment program is less costly to the 
treasury, and the government's liability is further limited by restricting payments to products supplied 
by farmer cooperatives, rather than to total output. And government can avoid engaging itself in 
storage, handling, and disposal. Consumers benefit from increased supplies of vegetables and lower 
prices because the total volume produced and marketed is larger than it would be without the 
program (Wann 1993b). Since the start of the summer vegetable marketing program in 1976, the 
number of contracting farmer cooperatives increased from 33 to 99, and the volume of contract 
marketing increased from 10,140 t in 1976 to about 50,000 t in 1992. The deficiency payments are 
financed equally by the central and local government budgets. Up to 1993, payments to vegetable 
producers amounted to TWD312.2 million, with an average deficiency payment of TWD0.8/kg. 

The performance of the summer vegetable contract marketing program has been criticized because, 
since the implementation of the program, the Taipei First and Second Fruit and Vegetable Markets 
have accounted for almost 90% of the total volume under contract marketing. Another consequence 
of this program is that cooperative marketing has become less popular in most fruit and vegetable 
wholesale markets, which obviously goes against the policy's original goal (Shuai and Chang 1992; 
Wann 1993 b). Wann (1 994) found that a year-round contract marketing program is economical only 
in Chinese cabbage. Wu ( 1994) concluded that the summer cooperative contract-marketing program 
improved the ability of the wholesale markets to manage the source of produce. 

Recently, more attention has been devoted to the problem of low vegetable prices in winter. The 
government is evaluating the feasibility of expanding the summer vegetable contract-marketing 
program to become a year-round program (Wann 1993 b and 1994). 

International Trade Policies 

In the 1960s and 1970s, the government paid considerable attention to expanding the export of 
vegetables. Developing and maintaining vegetable exports is challenging because supplies for foreign 
trade can fluctuate widely from one season to the next. In addition, the performance of vegetable 
products in foreign countries is greatly affected by the tariff and non-tariff barriers of the importing 
countries, export management practices, and the general macro-economic environment. 
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To achieve an orderly export system, the government has established three vegetable export 
enhancement programs. The first is the planned production and marketing program designed to 
stabilize export prices. Exporters make purchasing contracts with farmer cooperatives prior to the 
production season and provide a guaranteed purchasing price. The provincial farmers’ association is 
fully responsible for integrating all the activities, from implementing contractual production to 
cooperative export. In addition, an export stabilization fund has been set up for onion. 

The second program is a contract system introduced for processors to procure raw materials for the 
export of processed vegetables. The third export system, established in 1986 to replace the previous 
rules on export adjustments, makes use of export approval certificates. Under this system, exporters 
procure vegetables based on their actual needs. Exporting vegetables under this system, therefore, is 
completely free as long as the exporter provides to the vegetable exporters’ association information 
on the quantity and shipping date of exports. This is in order to obtain an approval certificate. A 
permit for export is then issued based on the certificate. Fresh vegetables, such as ginger, 
cauliflower, potato, and broccoli, are exported under this system. Since it puts the least restriction on 
exporters, it not only meets free market principles, but also encourages exporters to expand their 
business in foreign markets. 

During the 1980s, many studies were conducted to evaluate the system of production and marketing 
for various export vegetables, such as onion (Tai 1983), garlic bulbs (Lee 1985), canned asparagus 
(Wu 1986), and canned bamboo products (Kan 1986; Lee 1987; Shuai 1988). Even though these 
studies all concluded that the vegetable export systems of Taiwan have improved, they also point to a 
need for improving forecasts of domestic and international agricultural supply and demand, and for 
establishing a complete agricultural production and marketing information system. An intimate 
knowledge of consumers’ preferences as well as trading practices and business customs in Japan and 
other major export markets would be very valuable. Relative efficiency of the public and private 
sectors in providing this information should be evaluated. 

Vegetable imports are normally regarded as totally open in Taiwan except for the requirement of 
submitting an approval certificate, issued by the Council of Agriculture, along with each import 
shipment. 

In terms of agricultural protection, the effects of government programs on farmers and consumers can 
be measured by the producers’ subsidy equivalent (PSE) and the consumers’ subsidy equivalent. 
Since the deficiency payments for summer vegetables account for less than 1% of the total annual 
vegetable production value, the PSE in the vegetable industry is negligible (Wann 1993b). Under 
international trade treaties administered by the World Trade Organization (WTO), Taiwan 
agricultural trade policy will, in the near future, increasingly move towards free trade. 

Achievements of Economic Research 

Most previous economic studies on vegetables have been problem-oriented. The mission of 
agricultural economists is to define existing or potential economic problems and to provide effective 
solutions. 
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Because most agricultural research had focused on rice, the principal staple crop of Taiwan, and 
cultural techniques for vegetable production continued to improve under the production-oriented 
policy of the early stage of Taiwan's development, the research on the economics of vegetables did 
not attract much attention prior to 1970. 

During the 1970s the primary mission of agricultural economists conducting vegetable research was 
to suggest policy reforms to mitigate price fluctuations and to increase supplies of summer 
vegetables. To ensure farmer income and to adjust marketing flows to meet summer market demand, 
the guaranteed price marketing program for summer vegetables was initiated and cooperative 
marketing was stimulated. To gain economies of scale in production, specialized vegetable zones 
were identified. To protect crops from unfavorable weather conditions, protected horticultural 
production was introduced to vegetable growers. Meanwhile, exports of processed vegetable 
products expanded significantly. In addition to the traditional canned products of asparagus, bamboo 
shoot, and mushrooms, processed tomato was developed for export. The tomato processing industry 
has drawn significant attention from agricultural economists (Chu 1975; Hsu 1978; Hwang 1994). 

Since the late 1980s, agricultural economists have given more attention to domestic vegetable 
production and marketing. Research is diversified, reflecting the ever-increasing scope and 
complexity associated with the economics of vegetables. In particular, inefficiencies in marketing 
systems are being studied, and alternatives for their improvement are being suggested. Recent 
advances in industrial economic theory and econometric methods have improved the tools for 
analyzing pricing behavior of agents under imperfect competition (Hwang 1994). In addition, the 
methods of welfare economics can be utilized to evaluate government vegetable policies (e.g., Wann 
1994; Wu 1994). 

Summary and Conclusions 

Vegetables have traditionally been an important component of the diet and an important part of the 
agricultural sector. They account for about 22% of daily household expenditures on total food, over 
two-thirds of which is fresh vegetables. Hundreds of vegetable species are grown in Taiwan, 
however, bamboo shoot, watermelon, cabbage, vegetable soybean, radish, carrot, Chinese cabbage, 
and tomato are major vegetables. Major vegetable growing areas include Changhwa, Chiayi, Yilan, 
Tainan, and Pingtung Prefectures. 

An implicit structural change in the production of vegetables has occurred as the total production of 
vegetables has decreased, but their production values have increased, both in absolute as well as in 
relative terms compared to other crops. In particular, the importance of leafy vegetables in total 
vegetable production has declined, while the share of fruit vegetables in both production and value of 
total vegetables has increased. This is indicative of changing consumer preferences for vegetables. 
Technological innovation has continued to push vegetable yields upward in most vegetables. 

The CVs for area, production, and yield of individual vegetable species are generally higher than the 
corresponding rice CVs, indicative of higher risks involved in vegetable production. Coefficients of 
variation in vegetable area are much higher than the CVs in yield of individual vegetable species, as 
well as of total vegetables as a group, indicating that variation in area is the main contributing factor 
to the high variation in vegetable production. Thus, policies aimed at stabilizing the area under 
vegetable cultivation could go a long way to reduce yearly fluctuation in vegetable production. 
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Strong seasonal patterns in vegetable prices, production, wholesale transactions, and consumption 
have been observed. Prices have tended to be high during July-October, while they normally remain 
low during January-March. Summer consumption can be as much as 23% lower and average prices 
50% higher than those in the winter or spring months. 

Taiwan vegetable market is traditionally domestic in nature, although the share of imported 
vegetables has been shooting up and the share of exported vegetables has been shrinking. Taiwan is 
now facing a vegetable deficit, after continued surpluses during the 1970s and 1980s. Taiwan is now 
concentrating on the export of high value vegetables. 

The annual per capita availability of vegetables in Taiwan at the farm level in 1997, after accounting 
for the net balance from international trade, is about 162 kg. Per capita vegetable availability 
increased at 2.34% per annum between 1962 and 1982. However, availability remained almost 
stagnant afterwards. 

Vegetable farms have some peculiar characteristics; they are smaller than rice farms and they need 
more family labor and cash outlays. Labor is the dominant cost item in vegetable cultivation. 
Absolute fertilizer and pesticide costs in vegetable cultivation are generally higher than in field 
crops. However, the relative share of these costs in total production cost is similar to rice. Therefore, 
labor-saving technologies in vegetable cultivation will be in high demand. 

Generally, net incomes from vegetables considerably exceed those from the production of alternative 
field crops, such as maize and rice. However, due to relatively high input costs, benefit-cost ratios in 
vegetable cultivation exceed those for alternative field crops only in some cases. 

The marketing margin ranges from 39% to over 87% of the farmer price for different vegetables in 
different years, being higher for the more perishable commodities. In most cases, the highest 
marketing costs occur at the retail stage in the form of retailers’ profits. 

Farmer share tends to increase after crop failures caused by natural catastrophes (e.g., typhoons). 
Similarly, the farmer share tends to rise in October, which is off-season for most vegetables. This 
suggests the usually overlooked role of marketing agents in helping to stabilize market prices during 
crisis periods. In general, the marketing margin has widened over time, reducing the farmer share of 
the consumer price. However, it is not clear whether this increase is due to the enhanced exploitative 
power of middlemen, or to an increase in marketing service costs, such as transportation, packaging, 
etc. 

Demand elasticities of price are higher than income elasticities for most vegetables, implying that 
price reduction through technology advancement, rather than higher income, can play a bigger role in 
further enhancing vegetable consumption. 

Future Research 

Despite the achievements of agricultural economics research in the past, future developments in 
vegetable economics are not well understood. In the next few years the vegetable industry might 
undergo more structural changes than during any previous period. Thus, economics research needs to 
take an in-depth look at realities. The following directions for future research are proposed: 
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Impact of Agricultural Trade Liberalization 

The multinational trade treaty, administered by the WTO, has established rules for reducing or 
eliminating both tariff and non-tariff trade barriers. Taiwan is preparing to participate in the WTO. 
Competition in both international and domestic markets for agricultural products can be expected to 
increase. Since no empirical analysis of the effect of GATT on vegetable trade in Taiwan has been 
conducted so far, the questions of how rapid growth in vegetable imports would affect the farm 
sector and what kinds of actions farmers could take to survive will become increasingly relevant for 
agricultural economists. 

Exploring the Decision-making Process of Growers 

The decision-making process of vegetable growers under changing economic and market regulations 
needs to be better understood so that effective policy adjustments can be carried out. Questions such 
as "how are production decisions influenced by relative prices?" and "how would farmers respond to 
open trade?" need more attention from agricultural economists. 

Improving the Efficiency of Vegetable Marketing 

Even though marketing efficiency has caught the attention of researchers in recent years, more 
comprehensive study in this area is needed to sort out constraints and integrate solutions for 
improved marketing efficiency. 

The Impact of Changing Business Organization and Operation 

Direct marketing is a new channel for vegetable growers, and it is believed to be more efficient than 
other marketing channels. In fact, however, there is not sufficient evidence to support this belief. 
Moreover, many farmers with relatively small production feel they should concentrate on farming 
rather than involve themselves in marketing. 

Similarly, apart from the traditional family businesses, a growing number of supermarket chains and 
discount wholesale stores are exerting increasing control over vegetable marketing. The effects of 
increased market competition on producers, agribusiness, marketers, and consumers need to be 
investigated. 

Preferences of Consumers 

Consumption behavior regarding vegetables has been a virtually neglected area of research by 
agricultural economists. Nevertheless, understanding the characteristics of vegetable consumption is 
critical to the success of the vegetable industry. More sophisticated packing methods and products 
with better quality might boost the demand for vegetables. The expanding demand for chemical-free 
vegetables has opened up vast new areas of research for agricultural economists. 

Data Constraints 

Numerous economic studies on vegetables have succinctly discussed the need for more and better 
information on production and management practices, marketing conditions, consumption structure, 
enterprise-specific costs and returns, etc. Even though data systems exist to monitor conditions in the 
farm sector, data are aggregated to the county and/or crop group level, making an assessment of 
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farm-specific and seasonal differences difficult. Furthermore, surveys on individual farmer's costs 
and returns in vegetable cultivation are conducted only irregularly and do not provide detailed 
information on adjustments that individual farmers have made (or are expected to make), nor on the 
constraints faced by growers. 

On the other hand, farm-level data on input-output relationships for individual vegetables by 
production region are important for understanding farm problems, monitoring changes, and studying 
farm-level behavior and relationships. These objectives require more than an occasional cost of 
production and marketing survey. Thus, a panel survey design is required in which the same farmers 
are surveyed at several points in time to create a longitudinal data set. In addition, national household 
consumption surveys, four or five times a year, would be useful to researchers and policy makers. 
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