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Welcome Address 

Yong-Sin Chang 
Council of Agriculture, Taipei 

Dr. Te-Yeh Ku, Direc10r of the Agriculture Department of the Council of Agriculture, asked meω 
represent him at this important workshop. On behalf of the Council of Agric凶ture and Dr. Ku, 1 am 
honored to welcome all of you to the workshop and to Taiwan. 

甘le vegetable soybean industry in Taiwan w扭扭 insignificant one in the 1970s. But today there 
紅e about 30 frozen food processing fac10ries handling a sizeable volume of vegetable soybean for 
export-primarily to Japan. 甘leωta1 value of vegetable soyb個nexportωJapan and other coun甘ies
in 1990 reached an a1l-time high of about US$75 million. Vegetable soybean constitutes nearly 60% 
of the 1Ota1 export of a1l fruits and vegetables processed in Taiwan. Therefore, we 紅e ve可 much
interested in 也is commodity. 

In the early 198胎， the Council of Agriculture recognized the growing importance of vegetable 
soybean for export and for the domestic market in Tai wan. In 1985, the Council ini tiated and supported 
a vegetable soybean research project at the Kaohsiung Dis甘ict Agricultural Improvement Station and 
the Asian Vegetable Research and Development Center. 

Kaohsiung DAIS and A VRDC responded to the research challenge of developing an improved 
variety within a very short period of time. In 1987, A VRDC's selec位on AGS 292 was released by 
Kaohsiung DAIS as Kaohsiung No. 1, which 1 understand occupies about 84% of the tota1 area 
cultivated in vegetable soybean in Taiwan. 1 congratulate all the scien世sts at Kaohsiung DAIS and 
A VRDC responsible for the successful development and extension of Kaohsiung No. 1 to our farmers. 

Several constraints may limit the future of tbe vegetable soybean indus叮 in Taiwan. 1 hope yo叮
expert deliberations in this workshop will &ûlve those problems. 

百le Council is ve可 pl個sed 10 cosponsor this workshop and 的 support the research activities. We 
are confident the workshop will be mutually beneficialωJapan and Taiwan, and the outcome will be 
valuable to other countries. 

甘le Council will continue ωprovide strong support to A VRDC, Kaohsiung DAIS and other 
concemed organizations in Taiw血， to undertake research 10 achieve the recommendations of the 
workshop. We want the vegetable soyb伺n farmers and the processing indus旬 as well 扭曲e
consumers to bene仙台om your research. 

1 look forward ωyo叮 successful deliberations and on behalf of the Council of Agriculture 1 wishω 
express my thanks to those who have put in so much effort ωmake 也is workshop a r臼lity.
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Welcome Remarks 

Shue-Cheng Lin 
Provincial Dep紅tment of Agriculture and Fores旬， Taiwan 

On behalf of Dr. Paul S凹， Commissioner of Provincial Dep紅tment of Agriculture and Fores的lin

Taiwan, I welcome you to 出is important workshop. 

It gives me great pl個S叮eωsee that the Council of Agriculture in Taiwan initiated and cosponsored 
this workshop with A VRDC and PD AF. This is the first workshop of its kind on vegetable soyb臼n.
On behalf of our Commissioner and PDAF, we extend 0叮 W紅mest welcome ωall the delegates from 
Japan, USA, Thailand, Denmark, A VRDC and my coll臼gues from Taiwan. 

Vegetable soybean is a very important crop for 0叮 farmersin 血e southem part of Taiwan, especially 
出e Kaohsiung-Pingtung 訂閱 and Tainan. 百le prosperity and the standard of living e吋oyed by 0叮
coun甘y have progressively raised the cost of production of vegetable soybean in recent y閉路.甘1位1ks
to the efforts of the Kaohsiung District Agricultural Station and A VRDC, the release ofKaohsiung No. 
1, a new improved vegetable soybean varie旬，血 1987 saved our vegetable indus缸y. Kaohsiung No. 
1 is high yielding, acceptable to the J apanese market and profitable to farmers and the industry. PDAF 
is proud to have played a role in the timely seed multiplication and dis甘ibution ofthis improved variety 
to the farmers. We take 血is oppo此unity to congratulate Kaohsiung DAIS and A VRDC, and we IOQk 
forward to their further research advances to help 0盯 vegetable soybean farmers. 

To reduce thecost ofproduction we are now experimenting, through A VRDC and Kaohsiung DAIS , 
Wl出 mechanical harvesting. We hope 血at varieta1 development and management 部 well as quality 
evaluation will address the mechanization aspect to benefit farmers and sustain vegetable soyb臼nin
Taiwan. We look forward to the sugg自由ns and recommendations of the intβmational delegates s。
由at research output can be beneficial ωeveηone arounct the world. 

PDAF will continue ωprovide strong support for vegetable soybean research and extension in 
Taiw扭扭 long as it addresses fi紅ming and indus出aln自由.

Once aga凶， welcome to this workshop , and I wish you a successful meeting. While you are here 
please enjoy our beautiful Taiwan. 
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Opening Remarks 

EmiI Q. Javier 
Asian Vegetable Research and Development Center 

It is my ple品ure to welcome all of you to this workshop. Vegetable soybean is a popular fl∞d in 
China. Japan and Korea where it is enjoyed for its fine taste and high nutritional value 品 aso盯ceof
vitamins. minerals. prote血. energy and fiber. However. it h品 gr臼t potential to developing coun出的，
where it is as yetrelatively unknown. not only for the above virtues but also because of its high income 
value for small farmers. its versatility as a crop 的 fit into cropping systems. its potential as source of 
fodder for livestock and so且-enhancing prope咽es.

This workshop is significant because as far as we know 曲is is the frrst intemational meeting that 
focuses exclusively on the research needs for 也is nutritious and versatile crop. 甘1US we have brought 
together the leading experts on 由e crop both in Japan and Taiwan where the crop is most popul缸， ω
assess the status of the crop. the present problems. 也eprioriti臼 for research and possibilities for future 
collaboration. 

Allow me. therefore. to briefly thank all of you. p訂ticularly the speakers. for ta蚯ng the time to 
prepare papers and p位“cipate 凶 this workshop. 

Our special thanks and r，的ognition go to the Council of Agriculture of the ROC and the Taiwan 
Provincial Department of Agriculture and Fores叮 for their sponsorship of this workshop and for their 
continuing and strong support to A VRDC. Both Dr. T.Y. Ku and Dr. Paul Sun were unable to attend. 
but they sent their representatives. Dr. Chang and Dr. L血. to convey 出eir 品surance of interest and 
support. 

We want to recognize p訂ticularly our p位tners from the Kaohsiung and Tainan DAIS represented 
by Dr. Y.S. Cheng and Dr. S.c. Lin with whom olír scientists work ve可 closely on soybean 
improvement. We consider ourselves ve可 fortunate to have them as partners and congrat叫ate them 
for their contributions to the development of the local vegetable soybean industry. 
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Vegetable Soybean Area, Production, Demand, 
Supply, Domestic and Foreign Trade in Japan 

Hiroshi Nakano 
Okinawa Branch, Tropical Agriculture Research Center, Ishigaki, Okinawa 907-01, Japan 

Abstract 
During the 1ast decade vegetab1e soybean production deαeased slightly in Japan whereas vegetab1e soybean 

imported from foreign countries increased. Domestic ∞nsumption of both domestical1y produ臼d vegetab1e 
soybean and imported ones has notincreased in血e1ast 5 years in J apan. In ord位的 expand the market of vegetab1e 
soybean and enhance the profit of soybean farmers, it is necess訂y: (1)ωexpand the market and production in the 
southem and western 紅eas of Japan; (2) to deve10p techniques for 1ow-cost forcing cu1ture du自19 winter to ear1y 
summer; (3) to improve the metllods oftransportation from remote warm regions to 1arge consumption centers such 
as Tokyo and Osaka; (4) to improve tlle quality and inα且認出e number of vegetab1e soybean varieties; and (5) 
ωαeate new dishes based on vegetab1e soybe妞. in addition ωtlle usual boiling method. 

Demand and Production 

Vegetable soybean is not included among 也e most important 14 vegetables whose supply and price 
訂e specifically controlled by theJ apanese govemment. It is included among 29 other vegetables whose 
lowest price is con住olled by the govemment. The 訂閱 under cultivation of vegetable soybean is only 
14,400 ha (ranking 閃出 for all vegetables) and the production of vegetable soybean amounts to 
104,500 t (ranking 24th for all vegetables) in Japan. In spitβof the 凶crease in 訂閱 and production 
recorded until about 1980, the area under cultivation thereafter did not increase and the production even 
slightly decreased during the last decade (Fig. 1). 

The amount of vegetable soybean shipped to wholesale markets also grad閏lly decr飽問din thelast 
5y臼既where扭曲atimported企om foreign coun甘iesin訂閱sed. During this period domestic consumption 
of both domestically produced vegetable soybean and imported ones did not in口開se (Fig. 2). 

百le situation of vegetable soybean reflects the production and the consump位on of vegetables in 
general. Although rice and vegetables had been the main components ofJapanese food , since 1975 rice 
consumption h部 gradually decreased wi曲曲e westβmization of the eating habits of the Japanese 
people. The consumption of vegetables has remained steady. 百le 胡memay apply to 出e consumption 
of vegetable soybean. 

In 1988, the supply of vegetables per caput per year was about 110 kg in Japan, wi出 vegetable
soybean accounting for only 0.29 kg. The supply of vegetable soybean w品 less than that of vegetable 
kidney beans and garden peas , accountíng for 0.66 旬， though it was more than vegetable faba b個ns，
with veηr short harvesting period, at 0.06 kg. Vegetable soybeans are consumed only as a snack with 
alcoholic beverages, especially beer, in Japan. In order 的 expand 也e consumption of vegetable 
soyb臼n， it is therefore necessary to develop new uses. 
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Regional Differences in Production and Consumption 
Vegetable soybean c凶t叮e is extensively practiced in the Tohoku dis甘ict and the Kanto dis出ctin the 

northem part of Japan, and to a lesser extent in the westem p紅t (Fig. 3). In the Kyushu dis甘ict， none 
oftheprefect叮es produce more than 400 t of vegetable soybean per y開r. 百1e consumption of vegetable 
soyb臼n per caput can be estimated from the amount shipped ωa wholesale market in each city. The 
consumption is low 扭曲e Chugoku and Kyushu dis出cts in contrast to tlu! Tohoku and Kanto dis甘icts
(Fig.4). 

百le low production of vegetable soybean in the Kyushu district is due ωthe low preference for 
vegetable soybean on the part of the consumers, in addition to fr巴quent insect dan1age in soybean 
c叫仙時， high 訂anspo此ation costs and difficulty in k，臼ping 出e produce 企巴sh during 住ansportatIon

because the prefectures in the Kyushu district are far from large consumption centers such as Osaka, 
Nagoya and Tokyo. 
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FIg. 3. Amount of vegetable soybean produced by each 
prefecture in Japan (1988). 

Seasonal Changes in Production and Demand 

Vegetable soybean is mainly avai1able from July to September at Tokyo wholesa1e market 伊ig. 5).
Demand for vegetable soybean is high in the summer s臼son. However，自 mentioned above, vegetable 
soybean is consumedonly as a snack with a1coholic beverages, especia11y beer. 甘leconsumption ofbeer 
is not so high in the summer season compared to the consump世on of vegetable soybean. Recent surveys 
showed that beer consumption is dis出buted more evenly throughout the year (Fig. 5). 
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Vegetable soybeans domestically produced are dis出buted as fresh vegetable soybeans. In seasons 
other than summer, frozen vegetable soybean is consumed, but the taste is not appreciated as much as 
血e fresh ones by Japanese consumers. If fresh vegetable soybean could be supplied 也roughout the 
y開r， the consumption of vegetable soybean may increase. For example, at the Kitak:yushu wholesale 
market the supply of vegetable soybean is already high in J une, because a large amount is shipped from 
Kagoshima prefec個re in the southem p紅t of the Kyushu district. τllUs if techniques for the 
釘釘lsportation 台om remote warm regions (including foreign coun出es) to large consumption centers 
such as Tokyo could be develoIX泣， and if1ow-cost forcing culture could be improved, the consumption 
of fresh vegetable soybean during winter ω 臼rly summer may increase in Japan. 
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Price of Vegetable Soybean 

Nakano 

The price of vegeωblesoyb臼n is high except in summer in Japan. When tbe monihly supply exceeds 
500 t at Tokyo wholesale market, the upper price limit is only about 600 yenjkg (Fig. 6) (US$ 1 = ~日40;
mid 1991). When themonthly supply is less than 500 t, the priceincreases m紅kedly , in particular from 
November to May of the following y開r in Tokyo (Fig. 7). 

百le con甘ibution of various dis出cts to the supply of vegetable soyb臼n at the Tokyo wholesale 
market each month is shown in Fig. 8. From the winter months to April, vegetable soybean grown in 
heated gr臼nhouses is supplied from 訂閱s sou出 andw臼t of Tokyo, especially Shizuoka prefect位e
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Fig. 6. Relation betw間1 price and arnount of vegetableωybean supplied in a month m 

the Tokyo wholesale market (1985-89). 
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(Fig. 8,9). Importedfresh vegetable soybean is supplied from Marchω May.InMayandJune， soybean 
grown by forcing culture in plastic tunnels and in nonh臼ted gr臼nhouses originates from various 
regions near Tokyo. D叮ing 血e summer which corresponds to 血e period of high supply, considerable 
quantities of vegetable soybean grown outdoors in the Kanto district near Tokyo reach the market at the 
low price of 500 yenjkg (Fig. 7). After the summer p臼k， vegetable soybean grown outdoors mainly 
in the Tohoku dis出ct is supplied la肥， in September and October. Although the amount of vegetable 
soyb臼n supplied is low in October, the price is also low due to the low demand in these months, 
following the summer with high supply, during which consumers become satiated. 

At the Tokyo wholesale market, vegetable soybeans shipped from Shizuoka prefecture fetch a higher 
price in all seasons, because Sh垃uokaprefecture accounts for the largest quantity of vege個ble soybeans 
produced through forcing culture in gr臼nho固自 in winter and spring. In addition, vegetable soybeans 
from this prefecture fetch high pri臼s also in SUIlilmer due to their high quality (Fig. 10). 
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囡Kant。因Tohoku 國Others ~Imported 
Fig. 8. Share of supply of fresh vegetable soybean to Tokyo wholesale market, by various 

dis甘icts (1990). 
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There are two types of packing methods for shipping vegetable soybeans. For the attached type, 
roots, leaves except top leaf, and small or damaged pods are removed and the whole plant with pods on 
stem and branches紅e shipped. For the detached type, small or damaged pods are removed, and selected 
good pods 訂e packed in a pl品tic net bag for shipping. Usually farmers 開rn more money with the 
attached type than the detached type. However, in the attached type 也ecostof虹ansportation increases 
due to the large volume ofthe branches. As a result, farmers close to large cities mainly ship the attached 
type consisting of early-maturing soybean varieties, wi出 a short plant height. Since the Japanese 
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consumers prefer vegetable soybeans with freshness and g∞d app臼rance ， they are wi11ing to pay a 
premium price for the attached type. On the other hand, there is also a demand for the detached type 
by some consumers who dislik:e detaching pods from branches and discarding the branches. 

Distribution of Imported Vegetable Soybeans 

甘le imports of frozen vegetable soybean amounted ω34，000 t in 1989 (Fig.2), with Taiwan 
accounting for 99% of the 的個1. The Pωple' s Republic of China and USA account for a veηr sma11 
amount. Frozen vegetable soybean is imported by trading companies and distributed directly, through 
a commission agent or through a wholesa1e market, to superm紅kets ， restaurants and retai1 shops. Fresh 
vegetable soyb開ns are also imported from Taiwan during March-May. The People's Republic of 
China, Thailand and Mexico a1so export a very sma11 amount of detached type, the annua1 total of which 
ranged企om2∞Ot03∞o t during 1987-90. Most of the fresh vegetable soybean is dis仕ibuted 也rough
wholesale markets. Ratio of imported fresh veg巳table soybean to the total amount of vegetable soybean 
dealt was only 1.6% in the fresh vegetable division ofthe Tokyo wholesa1e market and 0.7% in Sendai 
in 1990, with 6.5 % in Kitakyushu and 17.5 % in Osaka in the westem part of Japan. The price of imported 
soyb臼n is a1so higher in Osaka ( 305 yenjkg at Osaka wholesa1e m紅ket) than in Tokyo (169 yen/kg 
at Tokyo wholesale market in 1988). 甘le price of imported fresh vegetable soybean is low due to the 
low qua1ity caused possibly by preparation for shipping and 甘anspo民ation. They are used when the 
supply of domestically produced vegetable soybean is sc訂ce (Fig. 10). 

Cost and Earnings in the Production of Vegetable Soybean 
J apanese farmers ch∞se to grow vegetable soybean over other vegetables for a varie勾r of reasons, 

including profit. For example, an investigation of standard farmers shows that出e tota1 cost of growing 
and shipping amounts to 1,240,000 yen/ha for open culture, 1 ，950，∞o yen/ha for forcing culture with 
plastic tunnels, and 4,500,000 yen/ha for forcing culture in heated plastic gr臼nhousesσig. 11). 甘lese
va1ues are low in comparison with those of other vegetables. However, the net income derived from 
vegetable soybean culture is a1so not higher than 也at from other vegetables (Fig. 12). Vegetable 
soyb臼nc凶t叮e is practiced by farmers for the following reasons: (1) culture is easy compared with fruit 
vegetable culture; (2) elder1y farmers and women can easily handle the lightweight soybean plants; (3) 
the harvest and preparation of pods for shipping, which is relatively e部y even for elderly farmers and 
women, who account for 60-80% of a11 the operations in vegetable soybean culture. 11'1 some areas, 
however, farmers a1so 叮 ωproducesp也ial vegetable soybeans that fetch a high price. For example, 
vegetable soybeans from Yamagata prefecture fetch a high price even in August, the peak consumption 
time in Tokyo, since Dadachamame, a loca1 variety from Yamaga泊， is noted for its unique taste. 
K叮os此ichamame， a brown seeded variety in Niigata prefecture and Tanba酬的， a black and large 
seeded variety in Kyoto prefec仙兒， are a1so promoted 部 loca1 specia1 products to expand the market 
by 伽 agricultural c∞perative associations. 

Conclusions 
Inconcl凶ion ， toexpand出emarket for vegetable soybean and enhance the profit of farmers in J apan, 

itis recommended: (1) to expand出e market and production in the southem and westem areas of Japan, 
for example the Chugoku and Kyushu dis甘icts; (2) to develop techniques for low司cost forcing culture 
so 部 ωproduce vegetable soybean of good quality during winter to spring; (3) to improve the methods 
of preparation for shipment and transportation of fresh vegetable soybeω; (4) to improve the quality 
and increase the number of vegetable soybean varieties with good taste. 

Forimp。此ed fresh vegetable soybean, it is important to develop low-cost 仕ansportation techniques. 
Furthermore, it is necessary to crl胡忱的w dishes using vegetable soybear尬， in addition ωthe usual 
boiling method. 
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Vegetable Soybean Area, Production, Foreign and 
Domestic Trade in Taiwan 

Shui-Ho Cheng 
Council of Agriculture, 37, Nan-Hai Road, Tai闕， Taiwan 

Abstract 
Vegetable soybean harvested when the pod ìs still green and full ìs rich in protein, fat, minerals and vitamins. 

Vegetable soybean ìs grown in the Kao-Pin 訂閱 during the fall and Kao-Pin and Chia-Nan areas in the spring in 
Taiwan. The 位ea and total production varied 企om 7139 ha and 42,389 t in 1983ω9852 ha and 63 ,163 t in 1990. 
There was al訂ger 訂閱 and higher production in the fall crop than in the springα"Op. The average yield reached 
6.0 的la in 1987. The export volume ofvegetable soybean in Taiwan increased 企om 452 t in 1972ω34，821 t in 
1989. About 80% of ωtal production was for export. The export value (FOB) increased from US$47.6 million in 
1987 to US$75 m且lion in 1990. The major market for the exportof frozen vegetable soybeah is Jap曲， which bought 
99% of the total expo口volume in 1989. 四le cultural practices for vegetableωybean 紅'e similar to those for grain 
soybean. A new leading cultivar, KS # 1, bred by AVRDC and Kaohsiung Dìs甘ict Agricultural Improvement 
Station (DAlS), was the flISt official release of vegetable soybean 泊 Taiwan. High production cost and shortage 
of harvest labor 訂e constr也nts to vegetable soyb臼n production and expo口. It ìs most urgent, therefore， ωbuild 

up a mechanized cultural system. More attention should be directed to varietal improvement, integral production 
technology, and seed production systems. 

Introduction 
Soybean (Glycine max) has been traditionally the favorite legume in the Chinese diet. Vegetable-type 

soybean, rich in protein, fat (wi出 no cholesterol), minerals, and vitamins, is harvested between R6 and 
~grow恥峙的， when the pod is still gre~n and full. Prior to 1971 vegetable soybeans in Taiwan were 
normally shelled and marketed as fresh beans. More recently vegetable soybean frozen in the pod and 
exported to Japan has become the number one export crop product in Taiwan. 

Vegetable soybean is primarily grown in 曲e Kaohsiung-Pingtung area in southem Taiwan during 
the fa1l season, and rotated as a cash crop between second and frrst crops of paddy rice. In recent years 
the spring s個son crop has been gaining in importance both in Kao-Ping and Chia-Nan 訂閱s (Cheng 
and Shanmugasundaram 1989). 

Area, Production and Yield 
甘le area plantedωvegetable soybean increased from 7139 ha in 1983 to 9852 ha in 1990 (τ'able 1). 

Two crops of vegetable soybeans a y臼r are grown in Taiwan. The 位'ea 扭曲e spring crop se品on has 
steadily increased since 1983 while 血at in the fall crop s臼son remained unchanged. 

甘le total production varied from 42,389 t in 1983 to 的，163 t in 1990, because ofincreases ofboth 
area planted and yield (Table 2). Production w部 higher in the fall crop th扭扭曲esp血19 crop. The 
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average yield has exceed巴d 6.0 t/ha since 1987, mostly as a result of the new cultivar Kaohsiung 
Selection No. 1 released by the Kaohsiung DAIS. The average unit price for graded vegetable soybean 
pods rose from NT$17.8/kg in 1983ωNT$23.0/kg in 1990 (Table 2). 

Table 1. Area planted to vegetable soybean in Taiw肌 1983-90.

Year Area (ha) 

Spring Fall Total 

1983 2,206 4,933 7,139 
1984 2,577 4,092 6,669 
1985 2,512 4,358 6,870 
1986 3,116 5,349 8,465 

1987 4,379 5,070 9,449 
1988 3,896 3,751 7,647 
1989 3,229 4,021 7,250 

1990 5,092 4,760 9,852 

Source: PDAF (1991). 

Table 2. Vegetable soybean production, yield and 區ùtprice in T也wan， 1983-90.

Year Production (t) Yield Price* 

Spring Fall Total (kg/ha) 。叮$/kg)

1983 13 ,187 29,202 42,389 5,938 17.8 

1984 13,308 25,220 38,528 5,777 17.0 

1985 14,459 26,473 40,932 5,958 16.8 

1986 19,611 29,761 49,372 5,832 18.0 

1987 27,978 30,201 58,179 6,157 19.5 

1988 23 ,017 23 ,554 46,571 6,091 19.1 

1989 19,610 23 ,899 43,509 6,001 20.8 

1990 32,500 30,663 63 ,163 6 ,411 23.0 

Sour臼: PDAF (1991). 
*Con甘actual ur吐t price is averaged over crop seasons and cultivars (US$1=NT$27.2 - AptiI1991). 

Foreign and Domestic Trade 
In 1971 , 142 t of frozen soyb臼n pods were exported to Japan (Chen and Chen 1987). The export 

volumerosefrom452tin 1972向他 and Cheng 1986) to 34,821 tin 1989 (Table 3). However, the export 
volume in recent years has remained almost static (Table 3). 

During 1984-89, about 80% of total production was for export, with the ba1ance for domestic use. 
The domestic consumption of vegetable soybean a1so steadi1y increased from 4710 t in 1984 to 15,824 
t in 1987, and then dropped ω8688 t in 1989 (Table 3). It is estimated that the domestic consumption 
of vegetable soyb臼n will be more than 20,000 t in 1990 (final data not yet available). 
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Table 3. Vegetable soybean foreign and domestic trade in Taiwan, 1984-90. 

Year Production Export Domestic use 
(t) (t) (%) (t) (%) 

1984 38 ,528 33,818 87.8 4,710 12.2 

1985 40,932 31 ,044 75.8 9,888 24.2 

1986 49,372 36,231 73 .4 13,141 26.6 

1987 58 ,179 42,355 72.8 15 ,824 27.2 

1988 46,571 36,321 78.0 10,250 22.0 
1989 43,509 34,821 80.0 8,688 20.0 

1990 63 ,163 37,055* 

Source: Anon. (1991) and Shanmugasundaram et al. (1990). 
* Export volume up to October 1990. 

The total export of 企ozen vegetables in Taiwan in 1980 was 66,569 t. Of that amount 22,355 t were 
frozen veg巴tablesoyb闊的(Liu 1981). In 1989, the exportoffrozen vegetable soybean ranked tenth in 
export of a11 agriculture produce and products, but number one among expo口 crops. The export va1ue 
increased from US$47.61 million in 1987 to US$50.1 million in 1989 (FOB) and is expected to reach 
more than US$75 million in 1990. The unit price per kilogram also varied from US$1.12 in 1987ω 
US$I.70 in 1989, androse to US$2.03 in October 1990 (Table4). Frozen vegetable soybean in Taiwan 
is exported to Japan (including Okinawa), Hong Kong , Singapore, Holland, Canada, USA, Austra1ia, 
etc. , but the m吋or market is J apan, which purchased about 99% of total export volume in 1989 (Anon. 
1991). Thefrozen products of vegetable soybean pods and shelled beans are usually for export, and the 
fresh shelled beans are used entirely for domestic consumption. The grading criteria for exported frozen 
vegetable soybean to Japan are pods that have two or more s自由， bright green pods after blanching or 
c∞king ， large s臼d， gray pubesc閃閃， colorless hilum , more than 4.5 cm 仰d length and 1.3 cm pod 
width, and no more than 175 pods/5∞ g (Shanmugasun曲ram et a1. 1990). 

Table 4. Vegetable soybean export value and unit price in Taiwan since 1987. 

Year Export value Unitprice 

(million US$/FOB) (US$!kg FOB) 

1987 47.61 1.12 

1988 47.62 1.31 

1989 59.10 1.70 

1990 75.29* 2.04 

Source: Anon. (1991). 
* Based on data up to ocωber 1990. 

Cultural Practices 
The cultura1 practices for vegetable soybean are quite similar to those for grain soybean. In genera1, 

vegetable soyb臼n requires well-drained sandy loam or loam soil with irrigation. The planting density 
is 40-45 cm x 10-15 cm in the spring and summer crop season, and 30 cm x 10-15 cm in the fa1l. The 
sowing period varies with crop season: mid-February to early March for the spring crop and mid­
September to early October for the fall crop. S臼ding rate is about 110-120 kg/ha, in two-row beds using 
a planter with a ridging attachment. Fifty percent of the fertilizer is used for basa1 dressing during land 
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prep位ation ， and the other 50% as top dressing 15 days after sowing: 60 kg N/ha, 40-80 kg P/ha, and 
60 kg K/ha are usually recommended (Chen and Chen 1987). In addition, diseases such 部 soybean rust 
and downy mildew and insect pests such as beanfly, pod borer, mitβs， etc., should be con叮olled， to 
produce a better crop. 

Vegetable soybeans 紅e harvested in the early morning to maintain their freshness. Plants are either 
cut or uprooted and pods are picked by hand in the field. Labor cost for harvesting is calculated by the 
weight of graded pods picked. Currently, it costs NT$ 6 to pick a kilogram of graded pods. For ex街nple，
the average yield was about 6400 kg/ha in 1990, so the pod stripping cost would be NT$38，4∞/haor 
US$1422月la.

Research and Development 
The Asian Vegetable Res開rch and Development Center (A VRDC) cooperated with the Kaohsiung 

District Agricultural Improvement Station in organizing a vegetable soybean breeding project, which 
is fully supported by the Council of Agriculture, ROC. The breeding objective is to develop vegetable 
soyb臼n cultivars wi血 high yield and quali紗， suitable for export 倒台ozen vegetable soybean and 
processing, and for mechanized cultural practices. In 1987, a new cultivar Kaohsiung Selection # 1 (KS 
# 1) was registered. This was the first official release of vegetable soybean in Taiwan. At the end of 1990, 
the area covered by KS # 1 accounted for 84% of the total vegetable soybean area, replacing Tzurunoko 
(referred to as 205) andRyokkoh (referred to部 305) (Shanmugasundaram et al. 1990). The Kaohsiung 
DAIS recently applied for regis甘ation of two newly-bred promising lines as new cultivars. 

Problems and Future Needs 
High production cost and shortage of harvest labor are major limiting factors for the development 

of both production and export of vegetable soybean in Taiwan. High production cost, especial1y high 
harvest cost, willlower the competitive ability of vegetable soybean products in the domestic and 
Japanese market Shortage of harvest labor will make the area devotβd to vegetable soybean difficult 
to expand. It is therefore most 叮gent to develop a fully-mechanized cultural system. At the moment, 
a combined harvester suitable for harvesting vegetable soybean would be most helpful in lowering 
production costs. 

As well, vegetable soybean breeding, focusing on improvement of high quality, resistance or 
tolerance to diseases and insect pests, processing and mechanized harvest, should be s甘engthened.
Also, an integral production technology should be developed along with a s臼d production and storage 
system. 
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Communication Links Between Vegetable Soybean 
Producers, Processors, Trading Companies and 

Seed Companies in Japan 

Shinji Iwamida* and Hiromu Ohmi** 
Snow Brand Seed Co. L吋.

.Hokkaido and ..Chiba Research Station, Japan 

Abstract 
Total demand for vegetable soybean in Japan is almost 160，00恥， having remained ∞nstant for severa1 ye訂s.

Frozen vegetable soybωn occupies 25-30% of the total demand. Almost 100% of the 告。zen vegetable soybean is 
imported 企om foreign countries, mainly from Taiwan. There is very little frozen vegetab1e soybean produced in 
J apan. Most of the vegetable soybean produced domestically is shippW for fresh marketing. Therefore, there is a 
close connection between producer (f，位mer)， seed ∞mpany and dis甘ibutor of vegetable soybean for the fresh 
market. The connection is not so close between producer, process叮 and trading company on pro臼ssing in J apan. 
To ta1 demand of vegetable soybean seed is estimated at almost 800,000 1 (600 t). However it is very difficult to 
calculate this exactly because there is consid位able self-seed production by local small retail dealers or by producers 
themselves.τney use many local native varieties for specific consumption in limited 紅eas. As a result these self­
produced seeds are not distributed through seed compar茵的. Recently, however, consumers are demanding higher 
quality of vegetable soybe組﹒ Quality improvement of vegetable 孟oybean by cultivation techniques as wel1 as 
breeding is needed. Active 紅ials to produce vegetable soybean using harvesting machines have been ongoing in 
Hokkaido. They aim to produ臼 good quality frozen vegetable soybean. 

Distribution of Vegetable Soybean 
Total demand in 1987 for vegetable soybean was about 160，∞o t. Domestic production provided 

about 116 ，OOOtandabout43，∞Otwasimport吋. Thef全ozen vegetable soybean imported met about 26% 
oftheωta1 demand.On the other hand, frozen domestically produced vegetable soybean occupied only 
0.1 % of tota1 demand. In the last 5 years, the situation has not changed drastically. 

There is a tight connection between producer, seed company and dis住ibuωIr， because most of the 
domestic production is shippedfor fresh marketing inJ apan. Generally, the producer (vegetable soybean 
farmer) buys seeds from a seed company, and then ships them 10 the wholesale market as fresh vegetable 
soybean. However, the connection between prlαlucer， pr凹的sor and trading company is not so tig恤，
because the domestic production of frozen vege個ble soybean in n甸甸ible in Japan. Japanese 
processing companies import and sell frozen vegetable soyb個n through a trading company or handle 
it themselves. Therefore, Japanese 認ed compani臼 including our own have close connections with 
producers and dis甘ibutors ， but do not have similarly close ties with processors and trading compa泊的.

Distribution for Fresh Market 

The area planted and production of vegetable soybean in 1987 in the main production are但 areshown

in Table 1. Both area planted and production haveremained on the same level throughout the 1980s. The 
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位ea planted in Chiba pref，也t叮'en臼r Tokyo is decreasing. On the other hand, the Tohoku area in the 
northern part of Honshu Island, including 1 wate prefecture and Akita prefecture, is increasing, because 
the government has been pushing forward ωconvert the rice fields to other crops. Nügata prefecture 
is highest in planted area and production, with half of i心 production for local consumption or local 
marke白19.

Table l. M位n production areas and production of vegetable soybean in J apan in 1987. 

Prefecture Area (ha) Production(t) Quantity shipped (t) 

Japan 14，7∞ 116，∞o 77 ，0∞ 

Nügata 1,630 13 ，5∞ 7,643 

Gunma 1,360 6,610 5,726 

Chiba 1,240 12，2∞ 10,534 

Iwate 1,090 5,450 3,813 

Saitama 698 7,050 5,399 

Aomori 608 5,620 3,223 

Yamagata 594 6,020 2,656 

Fukushima 583 4,280 2,042 

Akita 570 5,060 2,653 

Shizuoka 559 4,200 2,924 

Gifu 468 4,150 3,393 

Osaka 319 2,970 2,304 

Tokushima 265 2,050 1,890 

Sour臼: Ministry of Agriculture and Fores旬， Statistics and Intelligence Dep叮叮nent.

甘le main production 訂閱s， cropping systems and leading varieties 訂e shown in Table 2. In Japan, 
vegetable soybean is cultivated y臼r-round. Shimizu city is one of the main production are部 m

Shizuoka prefecture, with cultivation in winter in heated greenhouses. The leading variety is Sapporo­
midori. For shipping, after leaves 紅e removed, the plants are tied up in a bundle and put into wooden 
crates. They succeeded in distinguishing their products from others, and can get higher prices in the 
wholesale market. N個rTokyo， them位n production areas are Chiba and Saitama prefectures. They also 
use mainly Sapporo-midori and ship in bundles. The Tohoku and highland ar伺s are Chiba and Saitama 
prefectures. 百ley supply vegetable soybean during August-September when there is a high demand. 
τbey use early to medium-late varieties such as Sapporo-midori (閱rly) ， Green 75 (early), Yukimusume 
(medium), Sayamusume(medium), Ezomidori(medium) and Kinshu(medium-late). For shipping, they 
pick the pods, and then pack them into plastic net bags (300-500 g/bag). 

Usually producers sell the pr叫ucts to the wholesale market through an agricultural cooperative. 
However, producers near the wholesale market sometimes ship 血eir products directly, or through a 
brokerage dealer, or sell directly to a c∞perative sωre. 

Distribution of Seed 
Total demand for vegetable soybean seed, estimated by planted 訂ea and seeding rate per unit area, 

is almost 800,000 1. There is considerable self-seed production by local small retail dealers or producers. 
The self-seed production has been done mainly in medium-late to late-maturity varieties, and at Tohoku 
and Hokuriku 訂閱s including Niigata and Yamagata prefectures. In medium-late or late-maturity at 
Tohoku and Hokuriku are蹈， there 位也 many local native varieties, suchas Chamame, Aomame, etc. 
甘lese local native varieties are used for consumption within a limited area. As a result, these self­
produced s自由紅e not dis虹ibuted through s臼dcompani臼.
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In Japan , distribution of vegetable soybean seed is handled in two ways , similar ωother vegetable 
crop seeds. One is through the agricultural cooperatives, and another is through the retail dealer shops, 
with some regional differences. 

Seed Production 

Seed production of early- to medium-maturity varieties has been carried out mainly at Hokkaido 
where weather conditions are suitable for production of high-quality seed. On the other hand, seed 
production of medium-late to late-maturity varieties has been carried out mainly at Tohoku and 
Hokuriku areas. A considerable 紅nount of seed production of medium-late to latβ-maturity varieties 
has been done by local retail dealers and producers. It is not easy to obtain information on this, so details 
ofse証明ed production are uncl臼r.

甘1巴訂閱 devoted to vegetable soybean seed production in Hokkaido by Snow Brand Seed Co. Ltd. 
is given in Table 3. 

Table 3. Area of vegetable soybean seed production in Hokkaido by Snow Brand Seed Co. Ltd. 

District 1987 1988 1989 1990 1991 

Hokkaido 150ha 140ha 130ha 130ha 150ha 
Tokachi (%) 35 .4 34.6 26.5 26.5 23.1 
Kitami (%) 9.4 4.9 4.3 4.3 5.0 

Kamikawa (%) 40.9 44.7 48.7 50.0 52.9 
Ishikari (%) 14.2 15.9 20.5 19.1 19.0 

Future Vegetable Soybean Production 

(1) Breeding of tasty new varieties and improvement of cultivation techniques to produce tasty 
vegetable soybean: As with other vegetable crops, consumer demands for high quality vegetable 
soybean have become s宜。nger.τnerefore quality improvement of vegetable soybean, such as good 
eating quality, is needed. However, existing e~ly- to medium-maturity varieties are derived from 出e
same materials, so it is difficult to find a c~ear difference in eating quality between existing varieties. 
In late-maturity, there 紅e some remarkable materials such as Chamame, Tanba-kuro, etc. On the other 
hand, some reports show that weather, soil and cultivation conditions affect the quality of vegetable 
soyb臼n. We therefore need to improve quality by bo血 cultivation 脫胎liques and breeding. 

(2) Introduction of a machine h訂呵呵呵 system for 仕的h market and processing: There have been 
recent experiments in Hokkaido on mechanical harvesting of vegetable soybeans. Machine harvesting 
will shorten the time from harvest ωfreezing， thereby con世buting to a higher quality product for the 
consumer. 



Vegetable Soybean Varietal Improvement In Japan 
- Past, Present and Future 

Nobuo Takahashi 
Nagano Chushin Agricultura1 Experiment Station, Nagano, Japan 

Abstract 
Vegetable soybean breeding through hybridization and radiation-influenced mutation has only recently been 

S巴riously undertaken in J apan. Local produce is consumed late in the summer; winter requirements 位e irnported 
企omTaiw凹，Thailand or New Zealand. Biotechnological breeding techniques will be used in the future to develop 
ahighquali句， early-maturing and dis巴ase- andins巴ct-reslstantv位iety for both domestic consumption and export. 

Introduction 

A wide range of vegetable soybean varieties has been cultivat巴d in Japan for many y闊的. The 
nomenclature is confused, with different varieties having the same name, and identical v訂ie位es Wl血
different names. There are early or late-maturing varieties because they were used as offerings ofThe 
O-bon (16 August) and The Tukimi (9 September) in olden times. Today vegetable soybeans are mostly 
consumed in July and August, and therefore extremely early orearly varieties are used. Fresh vegetable 
soybeans for winter consumption ar巴 imported from Taiwan, Thailand or New Zea1and. 

Breeding System 

Loca1 vegetable soybean varieties such as Hokkaido 胡rly-mat叮ity variety or good 問世ng-quality
variety (late- or extremely late-maturity) were consumed in the past. More recently, varieties with 
selected qualities were crossed with local varieties (extr巴mely early or early variety). Vegetable 
breeding is done by hybridization and pedigree selection, and through mutation by radiation. Almost 
all vari巳ties are produced by private seed companies, with a few varieties being produced through 
national or prefectural experiment stations (public). Prefectura1 experim巴nt suttions are conducting 
breeding, especially for disease resistance. Future research will emphasize selection for high quality 
and insectresistance through modem biot巴chnology (e.g. using embryo culturefor species hybridization). 

The characteristics of important varieties in Japan are presented in Table 1. 

Breeding Objectives 

The breeding objec位ves are as follows: 

(1) Early maturity (or nonseasona1): 30-40 days after flowering (about 90 days aftβr seeding); 

(2) High qua1ity: (a) Morphological characters: Pod size (large) , Pubescence color (white), etc.; (b) 
Chemica1 composition; sweetn臼s (carbohydrate content), etc. (Fig. 1); 
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(3) Diseases and insect resistance: soybean mosaic virus (SMV) , Phytophthora rot, soybean cyst 
nematode (SCN)，巴拉.

Genetic Resources 
(1) Early maturity 

(份 Summer type soybean varieties (e.g. Hokk:aido varieties, Maturity group OO-III (USA) (low 
photoperiod sensitivity varieties or high sensitivity to temperature varieties) 

(b) Nonseasonal varieties (e.g. Southeast Asian varieties -local varieties from low latitu缸， Vali 
No.3) 

(2) High q臨巨ty

(a) Pod size: 1訂ge (e.g. Yuuzuru (Hokk:aido) , Enrei (Nagano) Tanbaguro (Hyougo)) 

(b) Pod color: fresh green (seed color yellow or gr臼n)

(c) Pubescence color: white (many) 

(d) Ratio of2-3 s臼ds/pod: (narrow leaflet varieties) 

(e) Sweetness: high carbohydrate content (seed-color ofbrown or black varieties) 

(f) Good taste: amino acid content undecided 

(g) Flavor: cis-jasmine, etc. , undecided (brown seed-color varieties have bad flavor) 

(h) Texture: undecided (large flat seed varieties: e.g. Hiradoko shitashi-mame, etc.) 向Tatanabe et 
al. 1989; Watanabe and Nagasawa 1990) 

(3) Disease and insect resistance 

(a) Soybean mosaic virus (SMV): A, B, C, D-strain resistance (Suzuyuta尬， Hourei, etc.) 

(b) Soybean dwarf virus (SDV): Immune tolerance? 佇叮ukogane ， A也ms ， etc.) 但anba 1988; 
Hashimoto 1985) 

(c) Phytophthora rot: no scr闊別ng in Japan 

(d) Soybean cyst nemaωde: race 3, 5 resistance (peking, PI90763 , etc.) 

(e) Insects: Soybean pod borer (Leguminivora g抄cinivorella); less or glabrous v紅ieties are 
resistant; Soybean podgall-midge (Asphondylia sp.); dense-pubescence varieties areresistant; 
bugs (souden-daizu, himesirazu, etc.). 

Future Prospects 
Our goal is a high yield of 9-10 t/ha. Also, we are aiming at higher quality (chemical composition) 

and greater safety (low levels of insecticide). These may be exported for consumption in other coun師的
because until recently no suitable soybean strains have been bred in Japan. Our strains do not 旭ve
lipoxygen品e(Kitam叮a 1984) and therefore 出ey could be used as 企eshbeans 扭扭lad or could be used 
instead ofr防部.
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Abstract 

Varietal improvement of vegetable soybean in Taiwan dates back to the early 1950s. Used domestically as a 
shelled green bean, vegetable soybean became a major frozen export commodity in the 1980s. Introduction of 
improved varieties , m位nly from Japan, resulted in the use of "Shih Shih" a multipurpose varie旬， and later 
Tzurunoko and Ryokkoh became the m句or export varieties. Varietal improvement research was systematica11y 
initiated at A VRDC and the Kaohsiung District Agricultural Improvement Station (DAIS) from 1985 with support 
企om the Council of Agriculture in Taiwan. In 1987 Kaohsiung DAIS released an A VRDC pureline selection from 
Taisho Shiroge as the first vegetable soybean variety forma11y released in Taiwan and named it Kaohsiuilg No. 1. 
In 1990 Kaohsiung No. 1 (KS # 1) ∞cupied 84% oftheω叫 vegetable soybean 紅'ea. Hybridization and selection 
to improve KS # 1 using pedigree, SSD and backcross methods 紅e in progress at A VRDC and Kaohsiung DAIS. 
Improved varieties wi也 better quality adapted to Taiwan and the tropics could be forthcoming. Future directions 
of vegetable soybean varietal improvement 訂e discussed. 

Introduction 

Vegetable soybean (Glycine max (L.) Me出的 is defined as those which are harvested after the R6 
and before R7 growth stage (Fehr et al. 1971) while the pod is sti1l gr∞n and the seeds have developed 
to fi1l 80-90% ofthe pod width. Historically vegetable soyb位民 mao dou, is recognized in China for 
its medicinal value. Prior ω1975 theωta1 area and production of vegetable soybeans in Taiwan w部
negligible (s臼 Shui-Ho Cheng, these proceedings). In Taiwan, the beans are customarily shelled from 
the pod (Shanmugasundaram et al. 1989) and 出ey are marketed 部宣esh beans. Frozen beans are 
b巴coming popul位 in Taiwan through the supermarkets. 

Traditionally vegetable soybeans are used in Japan 品 a snack during tea time or 臼ten with beer in 
the summer (Shinohara 1989). However，位adition has changed. Now there is a y開r-round demand for 
vegetable soybean. Domestic production in Japan cannot m臼t the demand. As a result, Japan has ω 
import vegetable soyb闊的. Taiwan has rapidly developed the know-how in vegetable soybean 
production, and exports most of its production to J apan. From a negligible 訂閱 and production level in 
the early 197缸， the vegetable soybean area and production in Taiwan increased steadily to reach the 
present level of around 10,000 ha annually (Shanmugasundaram et al. 1990). The varieta1 improvement 
research addressed the needs of the changing industry and export needs, and is reviewed in this paper. 

30 
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Research Up to 1980 

From 1950 to 1980, vegetable soybeans were grown primarily in 出e Pingtung-Kaohsiung area in 
southem Taiwan during the fall season, and to a lesser extent in spring and summer. A few farmers in 
the Chia-Nan and Taichung are品 also grew them for the local market. 

In 1957, Taiwan introduced a multip叮pose soybean vari巴ty "Jikkoku" 企om Japan (called "Shih 
Shih" in Taiwan). It was used both as a grain and as a vegetable soybean (Shanmugasundaram 1979). 

From a screening of introduced germplasm in 1965, Cheng and Chan identified 13 accessions as 
suitable for use as vegetable soybeans. Among them PI 153210 and PI 179823 were considered the best. 
甘lem句or criteria used for s巴lection were large seed size (25 or more g/100-seed weight) and fairly good 
adaptability to Taiwan's agroclimatic conditions in spring, summer and autumn seasons. However, 
detailed multilocational trials and consumer quality were not determined, and none of the selections 
became popular. 

Due to the lucrative demand from J apan in 出e 開rly 197缸，出e frozen food manufacturers and the 
intermediaries in Taiwan introduced a number of vegetable soybeans primar沮y 企om Japan and 
evaluated them for their adaptability specifically for the southem p訂t ofTaiwan. 

百le variety Tzurunoko (commonly referred to by farmers as 205) performed satisfactorily. A few 
y開rs later, another variety Ryokkoh (popularly refeηed to by farmers 品 305)w品 also acceptable ω 
thefarm巴悶， processors and the importers. Both varieties were introductions 企om Japan. Ryokkoh had 
brighter green pod color, better flavor, and larger seed size than Tzurunoko. Both varieties were 
cultivated by the farmers. The s自由 of both varieties for planting were imported from Japan while the 
frozen pods were export，吋企om Taiwan to Japan. 

Since the area grown to vegetable soyb開nw品 insignificant， the quan位ty of seeds required w部 also
negligible. Therefore, there w部 little incen世ve on 出e part of private seed companies in Taiwan ω 
develop irnproved vegetable soybean varieties. Neverthless "Known You" Seed Company did list a 
variety called "Zen Wu No. 1." But it was neither popular with farmers nor wi曲曲e processors. It is 
probably used by home gardeners. 

A total of 21 soybean varieties were released by Dis出ct Agricultural Improvement Stations, Taiwan 
Agricultural Research Institute and local.universities from 1956ω1980 but none of them were 
vegetable soybeans. 

At A VRDC from 1976 to 1978, 2∞ accessions from the germplasm collection wi由 1位ges臼dsize
were screened in the field to select potential vegetable soybeans. Based on seed size and green bean yield 
five accessions were selected and evaluated during spring, summer and autumn seasons in 1979. Among 
them G 8547 (pI 2(0538) with gray pubescence had 42 g for shelled 1∞-bean weight and could be 
harvestβd in 93 days compared to Shih Shih's 24 g for loo-bean weight and was harvested in 66 days 
(Table 1). 

In 1980 four accessions were compared wi出 Shih Shih, Tzurunoko, and Zen Wu # 2 (台'om "Known 
You"), in spring, summer and auωmn seasons. G 8285 was better than the check variety Shih Shih in 
terms of 1∞咽ed weight However, i的 pubescence color w部 tawny which is una∞eptable to 也e
market (Table 2). 

Research Since 1981 

Wi也 the gradual incr，臼se in vegetable soybean area, A VRDC and Kaohsiung DAIS recognized the 
growingimp。此ance of the crop. 甘le varietal irnprovement research at A VRDC was strengthened by 
allocating more reso叮ces. The Council of Agriculture (COA) in Taiwan in 1985 approved and funded 
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a specíal vegetable soybean re-:search project at A VRDC and 血e Kaohsíung DAIS. As of 1990, a total 
ofUS$302,198 has been províded by the COA specífíca11y for vegetable soybean research. 

The research actívítíes of the above pr吋ect íncluded the followíng: 

(1) Evaluation of1紅ge-seeded germplasm for vegetable soybean production ín Taíwan. 

(2) lntroductíon and scree凶ng of Japanese vegetable soybean varíetíes for southem Taíwan. 

(3) Collaboration wíth Kaohsíung DAIS ín ínítiating vegetable soybean regiona1 yield 甘ía1s and 
dís甘íct 訂閱ls for varíety evaluation ín Taíwan. 

(4) Help to release new vegetable soybean cultívars to r巴place Tzurunoko and Ryokkoh. 

(5) lntroduction of harvestíng machíne for vegetable soybean to reduce cost of production. 

(6) Development of qua1íty eva1uation methodologíes for processíng vegetable soybeans. 

(7) lnvestigatíon of cu1tural practices, fertilization and plant popula位on densíty for vegetable 
soybean ín southem Taíwan. 

(8) Physíologíca1 studíes on abíotíc s甘esses on yíeld and quality of vegetable soyb開n.

(9) Breedíng 紅opíca1 vegetable soybean (A VRDC 1991). 

Table 1. Yield, seed size and per day productivity of some promising vegetable soybean 
accessions during spring and summer seaso肥.1979 .

Acc. No. Nameor Yield/haa 100-seed wt Days to Maturity 
PINo. (kg) (g) (DM) 

G 8708 PI203403 4312 AB (5218) 44B 95AB 

G 8707 PI203405 3787 B (4895) 38B 102A 

G8547 PI2∞538 3851 C (科49) 42 B (59) 93BC 
G38 ShihShih 2044 D (5306) 24 C (37) 66D 

Mean 3381 41 89 
CV 3 7 4 

"Green bean yield; values in p訂閱血的es are for spring season and the differences between the varieties 紅色
insignificant. Values followed by the same letter within acolumn are not significantly different at 0.05% level 
of P according to Duncan's Multiple Range Test (DMRT). 

Table 2. Yield potential of the vegetable soybean selections. 

Acc. PINo. Yield (t/ha)a Yield/ha/day (kg) Days to maturity 100-seed weight 

No. orname Feb. July Sept. Feb. July Sept. Feb. July Sept. Feb. July Sept. 

G 8285 165672 8.2a 9.4a 6.9ab 96 112 89 86 84 77 56 55 60 
G 9948 Zen Wu #2 7.1a 3晶 2.6c 99 54 111 72 66 71 51 58 63 

G 9053 Tzuronoko 6.9a 10.1a 2.5c 91 144 37 76 70 71 57 56 55 
G38 ShihShih 3.1b 11.5a 7.9a 39 165 36 79 70 71 34 34 37 

"Green pod yield; values followed by the same letter 紅e not significantly different 企'Om eachoth仗的 0.05P
according to DMRT. 
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Screening Large-Seeded Germplasm 
The objective was to develop vegetable soybeans acceptable to the Japanese market. The following 

charactβristics 紅e desired for the J apanese consumers: 由e pods and seeds should be large (the dry 
weightof 100 seeds should be 30 gor more; a500-gfrozenpod packetshould contain 175 pods orless); 
the pods should have two or more seeds; one-seeded, malformed, yellow or damaged pods are 
unacceptable; the pod and seed color should be bright green; pubescence on the pod should be sparse 
and gray; gray or light brown hilum color is required; good flavor, aroma, and texture are needed; 
slightly sweet taste is preferable while oily taste is undesirable; short coo垣ng time is prefeπed 
(Shanmugasundaram et al. 1989; see also Cheng; Tsou and Hong, these proceedings). The quality 
should be similar to or better than Tzurunoko or R yokkoh which have become standards over the y閉路.

A numberof American, Japanese, Korean, Chinese and Philippines soybean introductions with large 
seeds were selected from 出e germplasm and evaluated for their potential in Taiwan. Among the 142 
accessions evaluated in 1982 eight accessions were selected based on the above characteristics. Seven 
of the eight entries were evaluated in 13 locations in spring and autumn seasons in Taiwan in 1983. 
Observations were collected on the following tr也ts:

(1) Days to first flowering (RJ 
(2) Days to 50% flowering. 

(3) Days to comple臼 flowering (R2) ' 

(4) Days to harvesti峙的.

(5) Plant height at R
1 

(cm). 

(6) Plant height at R6 (cm). 

(7) Number of plants harvested per plot. 

(8) Number of pods per plant (use 10 sample plan的):

8.1 Number of l-seeded pods, 

8.2 Number of 2-s巴巴ded pods, 

8.3 Number of 3-seeded pods, 

8.4 Number of 2- and 3-seeded pods. 

(9) Percent of 2- or more seeded pods. 

(10) Pod weight per plant (use 10 sample plants). 

10.10ne-s臼ded pod weight, 

10.2 2-seeded pod weight, 

10.3 3-seeded pod weight, 

10.4 2- and 3-seeded pod weight. 

(11) Percent of 2- or more seeded pod weight. 

(12) Biomass production p巴rh臼tare (fresh weight, tons): 

12.1 Whole plant weight, 

12.2 Stem and gr間n pod weight, 

12.3 Green pod weight. 

(13) Number of SLall<iard pods per kilogram. 

(14) Seed weight per kilogram of pod. 
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(15) 1∞-seed weight (g). 

(16) Harvest index (Ill): Calculated from formula: 

III = Economic yield/Biological yield x 1∞= Green pod weighνWhole plant weight x 1∞. 

(17) Dailypr，叫uction rate (DPR): Calculated from formula: 

DPR = Green pod yield/Days to harvest. 

Them臼n graded pod yield，也e variety adaptation (regression c∞fficient) and 伽 standard errors 
訂e given in Table 3. Although the yield of the new selections was significantly higher than the checks, 
other quality characteristics were unacceptable for the J apanese market and therefore all of them were 
considered unsuitable for production in Taiwan. 

Table 3. Mean pod yield. v血ety adaptation (regression coefficient b). coefficient of determination (戶) and 
mean square due to deviation金om regression (S2d) fornine vegetable soyb個n varieties grown in 13 
locations in Taiwan in spring and aritumn seasons in 1983. 

EntryNo. Original Source Meanpod b r2 S2d 
orname name yield (的la)'

AGS 187 Y-386 Korea 12.7 a' 0.92 0.75 3.01 

AGS 190 Vesoy# 4 Phi且ppines 11.9 ab 1.07 0.80 3.30 

AGS 188 PI157424 Korea 11.6 ab 0.88 0.70 3.57 

AGS 185 Houjaku Japan 11.4 ab 1.04 0.73 4.24 
Ryokkoh (ck) Ryokkoh Japan 11.4 ab 0.75 0.57 4.62 

AGS 186 Yoshida-1 Japan 11.1 ab 0.81 0.64 4.09 

Tzurunoko (ck) Tzurunoko Japan 10.3 b 0.97 0.54 8.79 

AGS 189 Disoy USA 10.2 b 1.37 0.35 37.63 

AGS 191 BPI#4 Phi且pp恆的 10.0b 0.99 0.85 1.96 

'Values followed by the same letters 訂e not significantly different from each other at 0.05 P level according ω 
DMRT. 

From 1980 to 1983, A VRDC received 51 vege個.ble soybean varieties from 10 seed companies in 
Japan. Based on an observational 回到 varieti臼 Tancho， Ryokukou, Nakatβ Kaori and a pureline 
selection from Taisho Shiroge were selected for further evaluation. 

In 1984 spring season, 54 introductions and two checks, Tzurunoko and Ryokkoh, were evaluated 
using a 7x8lattice design with two replications. Among the 54 en甘ies evaluated, six were selected and 
compared against the checks in aregional yield出al during spri嗯， summer and autumn seasons in 1985 
and 1986. The pod and 記ed quality of AGS 292 (the p叮eline selection from Taisho Shiroge)was 
acceptable to the processing company and the Japanese consumers. 甘le yield and a few other traits of 
fouren出es along with checks 紅'e given in Table 4. 

AGS 292 was recogn泣ed as the best selection based on 也eres叫ts of the regional yield 甘ialsbythe
Kaohsiung DAIS. The variety release committee approved 由e release of AGS 292 as Kaohsiung No. 
1 in 1987. 百le mean graded pod yield of AGS 292 comparedωTzurunoko 個d Ryokkoh is given in 
Table 5. 

The area planted to Kaohsiung No. 1 in the spring and autumn se部ons in 1988, 1989 and 1990 are 
45.5 and 56%; 72個d 65%; and 82 and 84% of the total vegetable soybean 訂閱resp也已vely. The total 
value of Kaohsiung No. 1 exported to Japan in 1990 hit a record of about US$63 million. 
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Table 4. The best four vegetable soybean selections from 56 evaluated in 1984 at A VRDC. 

EntryNo. Graded pod yield (的la) Pods/kg" 100 seed wt (g) 
orname sp自19 Summer sp也19 Summer sp由19

AGS 293 10.7 10.1 284 381 86 

AGS 294 10.5 7.6 359 500 71 

G 6852 12.3 10.6 304 557 81 

Ryokkoh (ck) 11.5 10.8 284 444 88 

AGS 292 8.8 10.6 430 507 51 

Tzurunoko (ck) 10.3 9.3 425 407 63 

Mean (58 en世ies) 9.2 8.8 453 516 58 

CV 2.3 2.8 8.1 17 8 

LSD (0.05) 3.9 4.1 73.5 177 9 

Maximum 13.5 11.0 722 811 88 

Minimum 5.1 4.0 283 274 34 

"The desirable number for J apanese market is 350 or less/kg. 

Table 5. Mean pod yield of AGS 292 in regional yield 出al comp位edωlocal checks. 

Year 

1985 (4)" 

1986 (3) 

可zurunoko.

bRyokkoh. 

Spring 

292 205" 

5627d 4971 

7696 6540 

Graded pod yield (kg/ha) 

Summer 

305b 292 205 305 

4047 (2) 7391 6932 6088 (3) 

5461 (2) 3234 2992 2559 (3) 

CValues inp紅entheses refer ωnumber of locations. 

292 

7306 

3506 

%e yield of 292 is sigr世ficantly di叮叮ent from 205 and 305 in all tlrree seasons. 

Breeding Strategy 

Autumn 

205 

5587 

3172 

百le objective isωimprove Kaohsiung No. 1.甘le characteris位cs to be improved are: 

(1) Yield potential as good or better than Kaohsiung No. 1 (KS # 1). 

(2) Ease of harvest similar to KS # 1. 

(3) p，吋 color and seed color similarωRyokkoh. 

(4) 甘le texture expressed by i的 hardness should be similar ωTzurunoko or Ryokkoh. 

(5) Sweetness should be simílar to KS # 1. 

(6) Umami as used to describe伽 flavor， should be similarωKS # 1. 

(7) Aroma similar to KS # 1. 

(8) Duration 金om beginning to end of picking should be longer than KS # 1. 

(9) Absence of中otting on the pod. 

(10) Suitable for mechanical harvest 

Summer 

74 

54 

52 

61 

59 

60 

54 

8 

9 

76 

34 

305 

5986 

3444 

35 

From 1982ω1990 a tota1 of 173 crosses and backcrosses were made to combme the above 
ch紅acteristics. A backcross or modified backcross is used to maintain the desired seed size of vegetable 
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soybean when crosses are made between 甘opical grain types with temperate vegetable soybeans. The 
number of backcrosses required to increase the seed size and pod size of the resulting progenies from 
crosses between tropical grain and temperate vegetable soybean depends largely on the seed size of the 
no叮叮叮rent tropical grain type. If the seed size is less than 20 g 出en two or more backcrosses are 
required. Bravo et al. (1980) reported that the number ofF2 plants needed at 0.10 probability to recover 
0.5% frequency of desirable seed size is 450. However, the seed size differences ofthe parents used in 
their study w位e not large . τ1J.erefore， the F2 population size is rather conservative. 

The second s甘ategy is to introduce narrow leaflet gene, 1叫n ， into 出e new vegetable soybeans. 
Narrow lcaflet is associated with a higher number of three- and four-seeded pods. Therefore, by 
introducing lnln gene the frequency oftwo- or more seeded pods will increase. However, caution should 
be exercised to s白白的 the narrow leaflet is large enough to avoid sunscald injury or pigmentation on 
the pod. 

It is equally important to understand the genotypic and environmental variations and their interactions 
so that the potential to select for wide adaptability can be ascertained. This is 出e third strategy. The yield 
ando也ertraits of a few promising selections in spring, summer and autumn se品ons are shown in Tables 
6, 7 個d8.

Table 6. Promising selections from the advanced yield 虹ia1 of vegetable soybeans in spring season, 1988. 

En甘yNo. Parents Oraded Total Days 100-seed No.of Harvest 
pod yield pod yield ω weight aωept. index 

(t/ha) (t/ha) matu討ty (g) pods/ 
'500 g 

AOS 292 Taisho Shiroge Selection 7.5 a' 11.9 77 74 157 31 

09053 Tzurunoko 6.9 ab 12.0 82 74 181 26 

OC 83006-7 PI 157424 x Ryokkoh 6.8 abc 10.8 84 82 166 27 

AOS 294 Imperia1 6.3 bcd 10.3 82 77 170 29 

OC 84136司P-4-1-8 Ryokkoh x Mikawajima 6.2 bcd 13.0 91 72 178 21 

OC 84134-P-9-3-1-5-1 Ryokkoh x Disoy 6.2 bcde 12.6 86 72 209 22 

OC 83006-15 PI 157424 x Ryokkoh 6.0 bcde 10.4 84 76 189 24 

010134 Ryokkoh 5.7 cdef 12.1 86 81 174 22 

LSDO.05 1.2 1.8 3.1 16.3 

'Values followed by the s紅ne letters are not significantly different from each other at 0.05 P level according to 
D此1RT.

Variation in graded pod yield attributionωseasons was 31 %, and 22% was due 的 genotypð'and-a 
major portion, 46% , was due ωGxE interaction. The results suggest 血at there is sufficient genotypic 
variation ωselect vegetable soybeans. However, the GxE interaction is a m句or factor and it may 
therefore be necessary to select genotypes for specific s臼sons.

For 100-seed weight, on the other hand, genotypic variation dominated (56%) and 出e GxE 
interaction was only 17% while the variation due to s臼son was 28%. Compared to 出e 100-seed weight 
of 63-68 g (on fresh basis) for the check varieties, the selections had a 100咽ed weight of 72-74 g. 

The fourth strategy is to identify appropriate selection criteria to select vegetable soybeans. Bravo 
et al. (1980) and Frank and Fehr (1981) reported that there is a highly significant correlation between 
podleng也 or pod width and 1∞-seed weight. At A VRDC, the yield 出al data from 1990 spring and 
autumns臼sons were used to determine the relationship between 100咽edweight (dependent variable) 
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and one of the following 部 independent variables: number of one-seed pods, number oftwo-seed pods , 
and length and width of two-seed pods. Among them only thc length and width of two-seeded pods have 
a significantly close relationship to 100-seed weigh t. The regression equation for them is given below: 

100-s臼d weight and length of two-seeded pods: 

Y = -0.8568 + 13.6041x (length of two-seeded pods) 

100-seed weight and width of two-s巴巴ded pods: 

y = 2 1.1 135 + 33 .9291x (width of two-s巴巴dedpods)

Table 7. Promising selections from the advanced yield trial of vegetable soybeans in summer season, 1988. 

En甘yNo. Parents Graded Total Days 100-seed NO.of Harvest 
pod yield pod yield to weight accept. index 
(的la) (的la) maturity (g) pods/ 

500 g 

GC 83011-25 Vesoy # 4xKS # 8 6.4 a' 8.6 ab 82 56 254 33 

GC 84136-P-4-1-8 RyokkohxMikaw句ima 5.0b 7.5 abc 78 69 178 33 

GC 84136-P-4-1-4-2 RyokkohxMikawajima 4.9b 9.0 a 80 62 211 25 

GC 83006-25 PI157424xRyokkoh 4.9b 8.5 ab 82 79 196 26 

GC 83005-9 PI 157424xKS # 8 4.9b 8.9 a 81 55 276 21 

G 9053 Tzurunoko 4.2 bcd 6.2 cd 78 63 222 32 

G 10134 Ryokkoh 3.9bcd 6.6 bcd 72 60 227 26 

AGS 292 KS# 1 3.3 cde 4.8 d 72 57 209 32 

LSD (0.05) 1.3 5.5 13 

'Values followed by the s位ne letters are not significantly diff，釘ent from each other at 0.05 P level according ω 
DMRT. 

Table 8. Promising vegetable soybean selectio~ from advanced yield trial in autumn season. 1988. 

En世yNo. Parents Graded Total Days 1oo-seed No.of Harvest 
pod yield pod yield ω weight aωept. index 
(的la) (的la) maturity (g) pods/ 

500 g 

GC 83011-35 AGS 190xKS # 8 6.9 a' 8.7 ab 74 62 260 40 

GC 83005-9 PI 157424x KS # 8 6.3 ab 9.7 a 74 50 266 31 

GC 84136-P-4-1-4-2 RyokkohxMikaw句ima 6.3 ab 9.3 ab 74 59 205 36 

GC 84136-P-4-1-8 RyokkohxMikaw句ima 5.6 bc 9.0ab 72 65 182 33 

GC 83006-25 PI 157424xRyokkoh 5.1 cd 8.5 ab 71 65 226 30 

G 10134 Ryokkoh 4.1 de 6.6 de 68 64 227 32 

G 9053 Tzurunoko 3.9 e 6.0de 74 66 211 36 

AGS292 KS# 1 3.7 e 5.5 e 70 58 195 39 

LSD (0.05) 1.2 4.5 14.3 

'Values followed by the s剖ne letters are not significantly different 企om each other at 0.05 P level according ω 
DMRT. 
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The regression of 100-seed weight with length and width of two-seeded pods w部 highly significant 
(Fig. 1 and 2). 
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Fig. 1. Regression of 1∞咽ed weighton 
length of 2-seeded pod. 

Width of 2-seeded pod(cm ) 

Fig. 2. Regression of 1∞剖ed weight on 
width of2晶ededpod.

The size of the primary leaf and its association wi曲 l00-seed weight also appears to be 斑。ngand
could be used as a selection criterion but it requires further study ωconfmn the prelirninary findings 
(Sirikul et al. 1990). 

Finally the quality characteristics 紅e closely scrutinized, with assistance from our biochemists (see 
Tsou and Hong, these proc臼dings). Selection in the earl y generations are for seed size and adaptability. 
At the intermediate yield trial stage the selections are screened for quality characteristics. 

Breeding Methods 
Depending upon the parents used in the hybridization the breeding me出od differed. Whenever both 

parents used were vegetable soybeans 品 in the case of TzurunokoxKaohsiung No. 1 or Blue 
SidexKaohsiung No. 1 either pedigree method or SSD method is used. Selection for bacterial pustule 
and downy mildew as well 品 quality is given priority. 

In instances when the cross involved a tropical gr也n type and a temperate vegetable ty阱， as for 
example the cross between Kaohsiung No. 1 OxKaohsiung No. 1 or Kaohsiung No. lxTropical 出間， as

discussed earlier, a backcross method foHowed by pedigree selection is used. Therefore, at present a pod 
leng出 of ~ 5.0 cm and a pod width of 這1.4 cm are used 部 selection criteria. 

In 1989, additional new introductions from Japan have been receivedandevaluated. From them, Blue 
Side and Shirofumi have been selected for inclusion in the breeding program (Table 9). 

Vegetable Soybean Plant Type 
Basedon 曲e experience gained from the research on vegetable soybean a close-to-id個1 plant type 

for vegetable soybean in 出e 釘opics (including Taiwan) should have the following characteristics: 

(1) Nonlodging strong stem with g∞dr，∞t system. 
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(2) Delayed flow巴ring 三 40 days. 

(3) Ten to fourteen nodes. 

(4) Fewer branches. 

(5) Large narrow leaflets preferred. 

(6) Longer R6 to ~ period. 

(7) Less sensitive to photoperiod and temperature. 

(8)Wi出 4∞，∞o plants/ha about 15-20 pods/plant. 

(9) Pod width of 三1.4 cm. 

(10) Pod length of ~ 5.0 cm. 

(11) Predominantly (~75 %) two- or more s自由dpods.

(12) Bright green pod and seed coat color. 

(13) Gray pubescence. 

(14) Gray or light brown hilum. 

(15) Easy ωstrip pods. 

(16) Pod clearance from soil at least 10 cm. 

(17) Resistance to bacterial pustule and downy mildew. 

(1 8) Tolerant to soyb臼n rust. 

(19) Dry weight of 100 seeds ~ 30 g. 

(20) Free from undesirable pigmentation and/or spots on stem or pods. 

(21) Preferably lipoxygenase null. 
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As more experience is g位ned from the research the qualifications for the ideal plant type will be 
appropriately modified. 

Table 9. Promising selections from vegetable soybean advanced yield trial, spring season, 1989. 

En世y Yield (仙a) D~ys Two-seeded pod 1∞-seed No.of 
standard pod ω Length Width weight standard 

weight matunty (cm) (cm) (g) pods/500 g 

Blue Side 9.5 91 5.2 1.4 79.7 183 
GC 84136-P-4-1-8 8.8 91 5.4 1.4 81.0 163 

Shirofumi 8.7 78 4.5 1.3 66 .3 209 

Tzurunoko (ck) 8.6 82 4.9 1.4 68 .5 194 
KS # 1 (ck) 7.3 76 5.1 1.3 55.6 203 
Ryokkoh (ck) 6.2 82 5.1 1.4 68.5 195 

Mean 8.0 8.07 4.88 1.31 67 197 

CV 8.3 0.07 3.48 3.92 3.7 7.5 

LSD (0.05) 0.95 0.24 0.07 3.56 21.2 

Research at Kaohsiung DAIS 
Since the early 1980s Kaohsiung DAIS 出ed to mak:e p叮eline selections from Tzurunoko (205) , 

Ryokkoh (305) and Yukinoshita. Although there were differences between purelin帥，出ey were not 
significant enough to promote them. 
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Through the COA project the cooperation between Kaohsiung DAIS and A VRDC on vegetable 
soyb臼n research was strengthened. Advanced yield trials , regiona1 yield 甘ia1s and dis甘ict 出a1s were 
conducted. 百le fina1 outcome of this effort was Kaohsiung No. 1, the first vegetable soyb臼nv訂iety
approved and released by Kaohsiung DAIS. 

In the meanwhile A VRDC provided a number of Fl seeds from crosses made at AVRDC. Fl 
generation and succ臼ding generations were planted and pedigr臼 selections were made by Kaohsiung 
DAIS. A VRDC also provided selections from a number of different inbred generations to Kaohsiung 
DAIS for selection. The selections w巴re designated as Kaohsiung Vegetable Soybean (KVS). Based on 
the data from different locations and s開sons KVS 39 and KVS 124 have been selected and currently 
being proposed for release to the farmers.τne regional yield 甘ialdata 企om selected locations are given 
in Table 10 and 1l. 

En甘y

Table 10. Regional yield 出al at 出ree locations, autumn 1989. 

Days to No. of 
maturity standard 

pods/500 g 

Yield (的la)
SU且也rd Total 
podwt pl位lt wt 

7.0 18.0 
8.2 18.9 

5.9 14.8 

8.0 15 .3 

0.9 1.9 

8.8 19.1 
8.0 16.0 

6.7 14.0 

7.9 14.5 
1.2 2.1 

2.2 10.2 

2.8 11.5 
1.9 9.5 

2.1 8.6 

0.7 1.6 

Kaohsiung Area 

KVS39 
KVS 124 

G 10134 

AGS 292 
LSD (0.05) 
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KVS39 
KVS 124 

G 10134 

AGS 292 

LSD (0.05) 

AVRDC 

KVS39 

KVS 124 

G 10134 

AGS 292 

LSD (0.05) 
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From 1988 onwards Kaohsiung DAIS began making their own cross combinations. The quality 
evaluations of selections are being conducted at A VRDC (Anon. 1987). 

Future Directions 
Due to increases in cost of production, the vegetable soybean indus甘y in Taiwan is under 

considerable press叮e. Retaining the high yield potential and other desirable characteristics of 
Kaohsiung No. 1, the 0吋ective should be to improve and sustain the quali旬， both physica1 and 
chemica1, in order 的 remain competitive for export to Japan. Taiwan's vegetable soybean should be 
synonymous with excellent quality. Selection criteria and screening techniqu臼 for qua1ity assessment 
need to be fine-tuned. 
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Disease resistance will be emphas泣ed to avoid undu巴 pesticide residue problems 血at will inhibit 
export. At 出e same time, it will help reduce cost of production by reducing the use of chemicals and 
labor. Furthermore it will enhance the quality. 

In addition to export market, there is growing demand for vegetable soybean in the domestic market 
in Taiwan as shown by the increase in consumption of shel1ed beans from 4700 t in 1984 to 14，0∞ t 
in 1989. Such domestic markets may likely expand in other neighboring countries as wel1. Therefore, 
varieties and management techniques could also be directed toward shelled beans for the fresh and 
frozen market. 

Table 11. Regional yield trial at three locations, spring 1990. 

En甘y Days to No.of Standard pod Yield (t/ha) 
matunty standa:τd Length width Standard Total 

pods/500 g (cm) (cm) pod wt plant wt 

Kaohsiung Area 

KVS39 86 169 5.3 1.4 6.7 20.2 

KVS 124 86 165 5.3 1.4 7.3 20.4 

G 10134 74 163 5.8 1.5 5.9 20.3 

AGS 292 74 148 6.0 1.4 7.1 20.2 

LSD (0.05) 11.0 0.9 1.7 

Tainan Area 

KVS39 76 185 4.9 1.3 4.6 17.1 

KVS 124 84 163 5.5 1.4 7.3 20.7 

G 10134 70 173 5.7 1.5 2.8 14.4 

AGS 292 63 161 5.7 1.5 4.1 14.1 

LSD (0.05) 16.8 1.6 3.6 

AVRDC 

KVS39 76 150 5.6 1.5 2.3 20 .3 

KVS 124 83 147 5.5 1.5 3.2 18.0 

G 10134 69 153 6.0 1.6 3.7 18.6 

AGS 292 68 128 5.7 1.7 5.7 18.1 

LSD (0.05) 8.2. 0.4 1.3 

Taiw血's entrepreneurs are 100垣ng at altemative s甘ategies for vegetable soybean production for a 
number of reasons. The vegetable soybean production is being moved 10 neighboring cheaper 
locations. Therefore, A VRDC will try to help farmers in th 'Ose regi 'Ons produce quality vegeωble 
s'Oybeans. Such eff'Orts will n 'Ot 'Only prom 'Ote vegetable s'Oybean f 'Or export but als 'O is expected 10 
prom 'Ote d'Omestic c'Onsumpti'On of the product.甘lailand， Philippines, Ind 'Onesia and Malaysia are 
target c'Oun住les.

In the c'Ourse 'Of仕opic到izing the vegetable s'Oyb開几 since the cr'Osses are made between 甘opicaland
temperate types, a tw 'O-pr'Onged appr'Oach will be used f 'Or the same cr'Oss 的 select both gr位n and 
vegetable types in the future. T 'O facilitate such eff'Orts shuttle breeding will be empl 'Oyed between 
A VRDC and the c'Ollab'Orating nati'Onal programs or the A VRDC Regi'Onal Pr'Ogram in Asia (訂lailand) .

Seed pr'Oducti'On techn 'Ol 'Ogy and seed quality research need t'O be strengthened since these are seri'Ous 
problems in the 虹'Opics.
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Vegetable Soybean Seed Production Technologies 
in Japan 

Yoshinori Kamiyama 
1wate Prefectural Agricultural Experiment Station 

737 Sunagome, T也izawa-m叮a， 1wate gun, 1wate Prefecture, Japan 020 

Abstract 
In Japan, most vegetable soybean seeds are produced and sold by private seed comp逝世的. Each company has 

its own techniques for producing seeds, but techniques 紅'e generally s泊ril訂.臼le example of seed production in 
Iwate Prefecture is discussed. Iwate Prefecture is situated in Northern Japan. The average ye紅ly temp位ature is 
lQOC, and during the soybean growing period, the accumulated temperature is 1500-20000 C. 

Seed Prodllction and Sllpply System 
百le 1 wate Prefect叮al Agricultural Experiment Station is concemed with breeding pure lines , plus 

breeders' and foundation sωcks. 百le 1wate Seeding and Plant Center works on 也e multiplication of 
seeds. 前lÌs Center was established and maintained by 伽 agricult叮al groups and the prefecture, and 
h品 a propagation farm situated in a disease- and pest-free area. They produce and supply g∞d usable 
seedωthe farmers . The Centβr works closely with the Agricultural Experiment Station, and predicts 
the future use of seeds, and plans accordingly. 
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Many seed compani臼 deal mainly with the kinds of seeds 血at can be marketed between J une and 
August, the vegetable soybean season. 前leyare 甘yingωproduce plants that mature 個rly and larger 
and greener pods with g∞da邱光arance. 1 wate Prefecture also h扭曲e詞me goals , and aims to develop 
plants that are resistant to mosaic and fusarium blight and do not 1叫ge easily. Different types of plants 
for taste and 臼se of transplanting are also being developed. 

One of the factors in evaluating seeds for market is the length of time they 臼n be kept for sale. 1t is 
desirable to extend 出is period as much as possible.τ'herefore 1wate Prefecture produces 11 types of 
soybean seeds that range 企om early-maturing typ郎的 late-maturing types. Five of these were bred and 
producedin 曲e 1wate Pref，自tural Agricultural Experiment Station. 官le breeding methods used were 
mainly hybridization and selection and radiation, using local varieties and seeds 出at are 拉開dy
marketed. 

Cllltivation Methods 
To avoid problems such as the soybean cyst nematode, the land formerly used for pulse crops such 

as soybean and adzuki bean should not be used. Also plants of different varieti臼 that produce flowers 
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at 出e same time should not be planted close by. Land is chosen where the soil fertility is evenly 
distributed and e品y to control. Before plowing, the soil is ass臼sed and when necessary improved. The 
ideal soil pH is 6.0-6.5 , and for every 100 g of dry soil there should be 10 mg of available phosphorus. 
Compost should be applied atarate of1 -15 t/0.1 ha. The rate offertilizer application is: N=3-4, P=15 , 
K=8- 1O kg/0.1 ha. In producing seeds, the application of ni甘ogen fertilizer is usual1y one-halfωone­
third the amount of ordinary usage in soil. 

The seed planting time usually follows the local times, however, seeds 血at germinate easily, and 
those that crack open their pods easily, should be planted about 20 days after the usual seeding times. 
Plants that have an instability in emerging from the soil also are planted late. 

百le space betw臼n rows is around 70 cm, and the intrarow spacing for early -maturing seeds is 10 cm , 
and for late-maturing seeds, 20 cm. The emerging plants 訂e protectβd from bird damage by the use of 
netting put over the plants. When a seed fails to germinate, seeds are replanted to ensure proper plant 
stand. 

Weeds are controlled by using herbicides and intertillage. 百le use of herbicides must be followed 
accòrding to prefectural standards. Herbicides are chosen from 11 kinds, according to the types of weeds 
出at 紅e present, and their usage is c位ried out to completβthe treatment for soil and foliage.τhe 
intertillage starts 40 days after seeding, and the ridging up is done 2 or 3 times during the growing period. 
In 1 wate Prefecture, plant protection against disease damage is undertaken for diseases such as p叮ple
speck, mosaic , soyb臼n stunt, stem rot, and downy mildew. Conceming insect injury, plant protection 
is undertaken against soyb臼n aphids , soybean pod borers, and others. We 訂e also concemed about 
infectious seed-bome diseases. 

Each plant is checked at specific growth stages; for example, when the prim訂y leaves unfold, at the 
flowering stage, and when the plant reaches mat盯ity. Strange plan包 that emerge are immediately 
removed. During each of these grow血 stages ， the color of the hypocotyl, shape of leaves, color of 
flowers , color of the trichome, plant type, pod and seed coat color, the color of the hilum and ecotype 
are all examined. 

Around 7 days after maturi句， theseeds 訂e harvested using the bean harvester. 甘le moisture content 
ofthe beans must be 16-18% after rack- or stack-drying in a gr臼nhouse. The beans are threshed with 
a bean thresher and the moisture content further reduced to less than 15% using a ventilating 世yer.

After the drying process, the beans are winnowed and separated by screens to sieve out beans of the 
same size. Damaged beans are discarded. They are given a germination test, and after they meet all the 
standards, they are marketed. 

Future Developments 
Vegetable soybeans in general are inferior to grain soybeans in their resistance to disease and other 

damage. A s住ong disease-resistant variety must be developed to produce stability of s自由， and ω 
reduce costs of production. 
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Abstract 
Vegetable soybean is an important .export crop in Taiwan. About 959忘 of the domestic production is exported 

ωJapan. The annual demand for vegetable soybean seed is about 1500 t. In the past, most of the seed was either 
imported by the frozen food factory or multiplied by the broker. The seeds were impure and the germination was 
poor. To produce good quality seeds and maintain the germination, the following factors need to be considered: 
(1) the dry and cool fall season in southem Taiwan is better for seed production than either spring or summer 
seasons; (2) proper season, location and date ofplanting need to be chosen; (3) from sowing to harvest bestαop 
management practices should be followed; (4) seeds should be threshed at 18-20% moisture and the cylinder speed 
of the threshing machine should be adjusted to 10呵11 rn/sec to obtain good quality seeds; (5) seeds should be 
carefully dried to below 10% moisture content and should be stored in a∞01， dry environment to have satisfactory 
ge口叫nation; (6) the seeds should be treated with fungicide prior to sowing. 

Introduction 
Vegetable soybean is harvested between R6 and ~ growth stages when 伽p仰的 still green. The 

vegetable soybean area, production and the demand for seed 企om 1983 to 1989 位e given in Table 1. 

Table 1. Pod production and seed demand of vegetable soybean in recent years in T也wan.

Year Cultivation area' Pod production' Seed demand" 
(ha) (t) (t) 

1983 5012 28, 221 752 

1984 6856 37,201 1028 

1985 6663 38,550 999 

1986 7661 45,677 1149 

1987 9813 61 ,482 1472 

1988 10,715 61 ,455 1067 

1989 9607 54,392 1441 

'Data from Taiwan Agricultural Yearbook. 
.. At 150 kg/ha. 
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In the vegetable soybean production chain, farmer宮， intβrmediaries or brokers and the frozen food 
factory areinvolved. The brokerusua11yprovides 出e seeds to the farmer. In the past vegetable soybean 
varieties Tzurunoko (205) and Ryokkoh (305) were 也e major varieties grown by the farmers. The 
purity and germination qua1ity of the seeds of the above varieties were invariably poor. In 1987 
Kaohsiung DAIS in cooperation wi出 AVRDC proposed and released the first vegetable soybean 
V位ie旬， Kaohsiung No. 1 (KS No. 1). KS No. 1 is now very popular in Taiwan. 百le sources of seed 
for vegetable soybean are: (1) direct import 企om a J apanese seed company, (2) harvested and saved 
direct1y from the vegetable soybean field after full mat叮ity， and (3) seeds produced by the individual 
farmers. There is a need to organize a systematic seed production strategy to maintain bo血 qua1ity and 
germination potentia1. Characteristics of g∞d qua1ity seed inc1ude: (1) varietal purity (Belouche and 
Rodda 1976; Scott and A1釘ich 1970); (2) free from other contaminants; and (3) high germination rate 
(>85%). To meet the above criteria the field management, harvesting, threshing and prepara世onfor
storage should all be done carefully. 

Effect of Season and Area on QuaIity 
Seasonal differences influence seed qualit弘 Seeds produced from spring, summer and autumn 

seasons in Taiwan were compared. Poor1y fi11ed, damaged and disease- and insect-affected pods in the 
spring season was 13 %, and that of summer and fa11 crops, 6 and 4 %, respectivel y. Varieties with 1紅ge
seed size such as Tzurunoko and KS No. 1 harvested in the spring s開son have a lower germination 
percentage than those harvested in the fall season. Theresults of seed germination after storage of seeds 
harvested from different seasons were different. For example, the germination of seeds harvested from 
the spring season decreasedrapidly after 5 months in storage under ambientroom temperature, whereas 
the seed harvested from the fall season maintained over 85 % germination even after 1 y臼r storage under 
the same conditions. The location and crop s開sonch紅acterized by the differences in environmental 
characters influence the seed weight and germination rate (Table 2). 

Table 2. Influence of the seed weight, germination rate and seedling vigor byα'op season and cultivation 
area (fseng et al. 1987). 

Location Crop season 

Taipei 1986 Fall 

1896 Spring 

Pingtung 1986 F祉1

1987 Spring 

'1986 Fall seeds stored 12 months 
1987 Spring seeds stored 5 months 

100-seed wt. (g) Gerrnination rate (%) 

32.0 98 

33.7 28 

31.4 1∞ 

34.0 56 

Seed Size, Vigor and Growth Relationships 
Seed size depends on 也e genotype of the variety. However, depending upon location and s臼son ，

the seed size ofTzurunoko and Ryokkoh showed greatest seed size variation (Fig. 1). 甘le results of 
an experiment with different s臼d sizes within a variety showed that sma11 seeds had better germination 
than larger seeds (τ'ables 3 and4). Smaller 認ed size within the v訂iety does not unduly influence the 
pod yield or pod size and therefore sma11 刮起 S自由 ofTzurunoko and Ryokkoh may be advantageous 
especially under flooding conditions (Chang and Lai 1981). 

Under simulated weathering conditions Hor1油gs et a1. (1991a) found that germination was 
negatively correlated with 100-seed weight. Seed quality of small-seeded types was superiorωthe 
large也eded types when harvested and tested in reproducti ve growth stages 丸'~.s andR8. Asimulat，吋
weathering tr，闊的lent using a sprinkler may provide a bettβr ba1ance between the biotic and abiotic 
factors affecting seed q聞lity (Horlings et a1. 1991b). 
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Fig. 1. Relati.ve frequency of seed size of Tzurunoko. 

Table 3. Effect of 6 months storage on seed germination rate (%) for se吋sh訂vested in different crop 
seasons. 

Seed 1986 Summer 1986 Fall 1987 Spring 
classified Roomsand Field Roomsand Field Roomsand Field 

Ex甘a large 91.6 58.3 98.6 83.0 41.6 34.3 
Large 89.6 68.6 97.6 89.0 49.6 41.6 

Medium 86.0 57.6 99.6 80.6 66.7 43 .3 

Small 92 .3 62.0 96.0 86.6 65 .3 47.0 

Management Practices 
To produce highest quality vegetable soybean seed，部 mentioned earlier, the best s臼son should be 

chosen. E到1 se部on in southem Taiwan is most suitable. The optimum pH is around 6.0-6.5 , and 
irrigation facilities should be available to avoid moisture stress during the production period. The best 
planting da的s vary with location. For fal1 s開son the planting date in Tainan is September and for 
Kaohsiung it is October (Fig. 2). The seeds for planting should be of good quality with more than 85% 
germination. A seed rate of about 110-150 kg/ha is recommended. 
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Table 4. Effect of seed size on gem血ation (Hsieh 個d Chen 1982). 

Germination rate (%) 
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The field should be well prepared. τ'he seeds should be treated with fungicides such as Captan. Arasan 
or Ceresan 75% WP at the rate of 3 g a.i./kg of seed. Treat the seeds with Rhizobium inoculum if the 
area planted was not grown to legumes 扭曲e past. In planting the seeds the distance between rows is 
about 30-50 cm and the spacing within therow is 5-10 cm and two seeds are planted per hi1l. The depth 
of planting is about 2-3 cm. 

Fertilizer application should be based on soil tests. The recommended fertílizer application for 
vegetable soybean is about 10 t compost/ha. 60 kg N/ha. 30 kg P/ha. 50 kg K/ha. At 出e 位meofR2 and
at Rs growth stages it is betterωapply 10 kg N/ha. The field should be irrigated after every side dressing. 
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Fig. 2. Vegetable soyb臼npl扭曲19 peri咽s in Taiw8J1. 

First irrigation is given at 6 days after planting 個dth訂閱fter once every 15-20 days. Irrigation is 
suggested depending upon rainfall and soil properties. 

Proper control of weeds. insects and dise品es should be undertaken to avoid darnage due to those pests 
也at will reduce the quality of the seeds produced. Harvesting should be done when the seed moisture 
content is about 20%. Thresh the plants with a cylinder 哪兒dof lO一11 中m.
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Th閃閃dsshouldbe世iedat 30-350C for24-48 ho叮s. The moisture content shouldbe brought down 
to about 9-10%. 

The seeds should have;:: 98% v訂ietal purity. The seeds of other species < 0.2%; inert matter should 
be < 2 %; germination rate should be > 85 %.百le seeds can be stored in 0.03 mm thickness polye血ylene
bags and stored in a cool dry place. 

Seed Moisture and Threshing on Seed Quality 

Moisture content of seed at harvest is an important factor influencing seed quality. Threshing will 
be difficult when the moisture content is higher than 25%. But when the moisture content decreases 
below 20% the seed coat may crack and the seeds may split (Fig. 3). Both the cylinder speed of the 
threshing machine and the moisture content of the seed are major facωrs for seed injury during 
threshing. Generally high cylinder speed and moisture content below 12% causes serious injury to the 
seed. The results of experiments indicated that 20% seed moisture content and 11 rpm cylinder speed 
caused minimum seed injury (0.23% breakage); at 14 and 17 rpm, breakage w品 4.47 and 6.17% , 
respectively. 
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Influence of Seed Storage on Seed Quality 

A number of factors such as sωrage temperat叮巴， humidity, storage container and moisture content 
of the seed influence the seed quality. 

Seed Moisture Content and Storage Duration 

Holman and Carter (1952) studied the effect of seed moisture content on sterage duration and 認ed
quality. They stored the seeds at鈞。C and 65% relative humidity.τ'he results indicated that seeds wi出
10一11% moisture content did not alter either the germination rate or 認ed vigor after 1 year in sωlrage. 
However, the seeds with 11-12% moisture content could be sωred only for 6 months with∞taffecting 
germination. If the seed moisture content exceeds 13%, seed quality is negatively influenced. It w品
therefore concluded that 10% 鉛ed moisture content will maintain the seed vigor and gerrnination rate 
for 1 year at250C and 65% relative humidity (Thomas 1979). AtA VRDC the results of甘ials conducted 
revealed that an 8--10% seed moisture content and 血e seeds stored in air-tight tin containers or high 



50 Chen etaL 

densitypl倡“c bags and hermeticall y sealed could maintain high seed viability for 2 y臼rsat300C 江出e
se巴d lot had high initial seed viability (A VRDC 1990): 

Effect of Container on Moisture During Storage 

Variation in moisture content of seed during storage is influenced by packing materials and packing 
technique. The results showed 也at seeds with 8.9% initial moisture content stored in sealed metal 
containers retained 出e initial moisture content while in other types of sωrage containers the moisture 
content of the seed increased after 3 months in sωrage (Fig. 4). 

Effect of Temperature 

Seeds stored at 30 C for 9 months had a germination ratβofmore 血紅185%. But for the seeds stored 
at 250 C or room temperature for 6 months the germination rate dropped 10 50%. 1t was concluded that 
low temperat叮es的rage could maintain high seed vigor for longer periods (Table 5). 

Table 5. Effect of temperature on seed germination rate (%) during sωrage pe討od.

Storage condition Sωragep釘iod (mon也s)

and variety 。 12 18 24 
Spring FaIl Spring FaIl Spring FaIl Spring FaIl 

OOC 
KS.8 98.5 100.0 96.3 100.0 95.2 98.2 94.8 97.6 
PaImetto 99.2 100.0 98.5 99.5 97.0 100.0 96.5 99.0 

100 C 
KS . 8 97.6 100.0 97.4 99 .3 96.2 96.8 95.0 98.0 
P叫metto 99.5 100.0 99.0 99.6 98.4 100.0 97.0 98.5 

200 C 
KS.8 98.3 100.0 92.4 98.4 92.6 95 .4 86.2 94.8 
PaImetto 100.0 100.0 97.8 99.5 94.5 98.0 94.0 96.4 

Sealed meta1 can 
KS.8 98.4 100.0 32.0 49.0 。 34.8 。 。PaImetto 98.6 100.0 48.2 58.6 24.6 49.6 。 36.4 

Jute bags (ck) 
KS.8 98.0 100.0 94.5 96.6 。 。 。 。PaImetto 98.5 100.0 95.2 98.2 。 。 。 。

Seed Preparation Prior to Storage and Seed Quality 

The main objective in 訂閱ting the s閃d by physica1, chemical or physiological methods priorω 
stórage is to protect the seed, retain i的 germina位on rate and decrease damage due to unfavorable 
environment. Saha and Basu (1981) indicated that hydra位on-dehydration method could be used for 
retaining the seed vigor of soybeans during s1Orage. Woodstock and Taylorson (1981) applied 
polyethylene glycol (pEGω∞) to soybean s臼dωprotect the seeds from fl∞ding injury. Flooding 
injury during seed germination cou1d be minimized by subjecting 自ese吋sωmoisture absorption for 
24 hour.s at 100% RH followed by 1 hour imbibition and甜的ing prior to s1Orage. Such treatment 
promotes seed activity and decreases seed deterioration (Saha and Vasu 1981). 

Treating the seeds with fungicid闕， such as captan or carbox函， could prevent the s品也 from rotting. 
due to flooding (Chang and Lai 1981; Hsieh and Chen 1982; Grable and Danielson 1965; Min10n and 
Green 1980). However, seeds treated with such fungicides or other chemicals and stored may have 
reduced seed vigor, and therefore caution should be exercised in s10ring the seeds treated wi血
chemicals. 
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Fig. 4. Effect of storage container on seed 
moisture ∞ntent changes. 
C1 = sealed metal container, 
C2 = sealed metal with plastic bag, 
C

3
= jute bag with plastic bag, 

C4 = cotton bag. 
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Conclusions 

百leo吋ective in vegetable soyb臼n seed produc tion is to produce a g∞d quality seed with purit);' and 
good germination. It is necess紅Y to pay attention ωall the fine details of crop management to produce 
good quality seed. An understanding of the growing environment, varietal characteristics and its 
requirements will be helpful in good quality seed production. Wi出 large seed size and higher oil 
content, vegetable soybean seeds are more difficult to produce and storage of them requires better 
conditions than gr位n soybean. There are many unknowns in vegetable soybean seed production and 
storage which need to be studied. 
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Cultural Practices and Cropping Systems for 
Vegetable Soybean in Japan 

Makie Kokobun 
National Agriculture Research Cent肘， MAFF, Kannondai, TsukU恤， 305 Japan 

Abstract 
Many cropping systems or patt位ns for vegetableωybeans have evolved as a result of cliverse climatic 

conditions and cultivar舌， aswellas血e use of facilities. Since early-maturing cultivars, which are used for forcing 
andearlyh位vesttypeofcroppin皂， tend to be rated low in taste, we need to breed early-maturing cultivars with good 
taste quality. Cultural practices such as f，位tilization， irrigation, and control of weeds, insects and diseases are 
commonωvegetable soybean culture and matured 50ybean culture. Cultivars that have both high resistance to 
major diseases and good taste have not yet been improved, so that the control of the diseases greatly depends on 
chemicals. Since the time required for harvest is 50 long and labor-intensive. more e宜icient depodding machines 
need to be developed. Further research is also needed to provide more ra位onal ways ofrotating vegetable soybe紅15

with other crops, leading to low-input production. 

Introduction 
Cultural practices for producing vegetable soybeans are, in principle, the sarne as those for 

production of matured grain soyb個n. In the normal season cropping that is conducted outd，∞rS ， there 
is no significant difference in cultural practices. For vegetable soybeans, however, special attention is 
necessary in adopting cul世vars and cultural practices, since some specific characters such as fresh green 
color, more seeds per pod, etc., are req凶red. 甘le con缸。1 of temperature is also neces回ry in forcing 
culture in which glasshouses or vinyl houses are used.τbis paper summ紅包間 the present status and 
future research needs on cultural practices and cropping systems for vegetable soybeans in Japan. 

CulturaI Practices 

Cropping Patterns and CuItivars 

Classification of cropping patterns. 甘le J apanese archipelago stretches from 20ω460 north 
latitude, resulting in great variations 凶 climatβ. These diverse c1imatic conditio肘， combined with 
cul位V訂閱rliness and 也e use of facilities or materials for retaining warmth, allow many cropping 
pattems，品 shown in Fig. 1. 

Normal season pattem of cropping is most commonly adopted in eveηproduction 訂閱. In this 
cropping pattem, soybeans are grown under the natural climate condition of each aíea. Cropping season 
varies with area, depending on i的 climate conditions. For exarnple, seeding is conducted around May 
and harvest is around August in Hokkaido, whereas March-May for seeding and June-August for 
harvest are common 扭 Kyushu.In 血is cropping pattem, numerous cultivars including native ones are 
used. This cropping pattem results in lower production costs than the others, but the price of the product 
is low臼tbecause伽叫ply is high at this time of year. 
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CROPPING A旺A

TYPE JAN . , FEB . , MAR . , APR. MAY. , JUN. , JUl . , AUG . , SEPT. , OCT. , NOV. , OEC . , 

FORCING KAN .--0-1 E 

SEMI KAN 但一吋一一一---1 I (HEATED) -FORCING 
KAN . _。 (NON-HEATEO) 亡〉﹒

EAMRARLy RED 
TOH 日--0 I I 

(TUNNa) KAN 。 。
KyU 

。 •• 
NORMAl 

HOK 伊-司一一一一----C::J

SEASON KAN 伊--0 I I 

OKI o--o-----e::::: 
lATE 

TOH 0-O RAISING 

Fig. 1. Cropping pa白白訕 。f vegetable soybean in Japan. 
Bok.Ho垃位do， Toh.: Tohoku,I<:lIIl': KantS' - Chugoku, Kyu.: Kyushu, Oki.: Okinawa 
0---0 period of sowing, I I period-of h…-
Adapted from Natl. Res. Inst. Veg. Omam. & Tea (1989). 

Forcing culture is carried out to harvest vegetable soybeans around February-ApIjl because the price 
is highest at 由at time ofyear. Heated glasshouses or vinyl houses are necess訂y， so 出at it 挖出emost
costly type of culture. This cropping pattem is res出cted to warmer 訂閱s and demand for the product 
is limited. Semiforcing culture aimsωharvest at the period just after the harvest by forcing culture, 
using glasshouses or vinyl houses, which are heated in many cases. 

Early ma他rity culture is conducted in most production 訂閱s，但med at harvesting before normal 
se品on products app臼r on the market. Like normal s開son cropping, this pattem of culture is 
widespread, from Hokkaido 10 Kyushu. In this pattem, an unheatβd vinyl tunnel is commonly used ω 
promote early grow出 of plants. Although 自is pattem of cropping is a little more costly than normal 
season cropping, it is adopted by many farmers because demand is great and the price is relatively high. 
In addition, ending the cropping in early summer enables the farmer to grow autumn vegetables such 
as radish or Chinese cabbage, even in the cooler regions. 

Late maturity allows harvesting in September and October when normal s個son production is 
completed. Late mat盯ing cultivars are used in cold and c∞1 regions. Some of the products are 
叮叮lsportedω1位ge cities, and some of tl1em are processed for 企間zing.

In all the cropping pattems, mulching with vinyl film is commonly used, since film mulching 
promotes臼rly grm ， 也 of soybeans, as reported by many workers (e.g. Moichi et al. 1983). The effects 
were more posi位ve in early-maturing cultivars 也an in late-maturing cultivars. Growth tended to be 
excessive by mulching the latβ-maturing cultivars (Iw部e et al. 1983). The major effect of vinyl mm 
mulching w也 to incr臼se soil temperatur巴， res叫也19 in promo值19 phosphorus absorption by r，∞ts 
(Matsumura 1986). A comparison of three kinds of polyethylene film mulching showed 血at silver­
colored film increased the grow也 and yield more than black or transparent film (Matsui et al. 1981). 

Cultivars adaptable to each cropping pattern. Specific cultivars must be selected for each 
croppingpattem. Soybean cultivars can be classified in10 tl1ree groups: summer, autumn or intermedia悔，
台om their response to temperature and daylengtl1 (Matsumo1o 1942). A summertype of cultivar is sown 
in spring and harvested in summer. Its grow tl1 is sensiti ve to temperature but notωdaylength. This type 
of cultivar is adaptable to forcing, sem江'orcing and 開rly maturity pattem of cropping. 1n contr部t
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autumn type is sown in summer and harvested in aurumn. Its growth stage, especially f10wering and 
maturity, is greatly accelerated by short days. This type is appropriate to late cropping. Intermediate 
types of cultivars are mainly used for normal se部onc叫ture. Typical combinations of cropping types 
and cultivars are shown in Table 1. Generally, cultivars that mature early are evaluated low in terms 
of taste. It is ther巴forenecess訂yωbr巴ed early-maturing cultivars with good taste, and which have also 
adaptability to forcing and early maturity cropping. 

Table 1. Major cultivars used for each cropping pat間n of vegetable soybean in Japan. 

Cropping type Earliness of cultivars Days from Cultivars 
sowing ωharvest 

Forcing and semiforcing Very early 75-80 Okubarawas巴， Hakuchou, 
Gokuwas切zaya

Early 8Q...g5 Sapporomidori, 
Yukimusum巴， Hakuchou, 
Wasemidori 

Early maturity Very early 75-80 Okubarawas巴， Hakuchou, 
Gokuwaseozaya 

Early 的-85 Sapporomidori, 
Yukimusume, Tamasudare 

Normal season Early 8Q...g5 Hakuchou, Sapporomidori, 
Waseshiroge 

Medium 95-100 Mikaw貝j油la， Shiratsuyu 
Late cropping Medium 105一 Kegon, Tsurunoko 

Adapted from Kohno (1989). 

Raising of Seedlings 

In forcing , semiforcing and early maturity culture, raised seedlings are 宜ansplanted in many cases , 
to ensure rapid and uniform plant growth. Transplanting of raised seedlings is sometimes conducted 
in normal s臼son and late cropping as well, so 卸的 avoid missing hills and bird attack on young 
seedlings. 

Ways to raise seedlings. Depending on 也e type of soil container, seedlings can be raised as follows: 
soil bed raising, box raising and pot raising. 

In soil bed raising, seeds are sown directly on soil in a glasshouse or vinyl tunnel. Soil bed is prepared 
either without fertilizer application, or with the application of supe中hosphate in phosphate-deficient 
soilsuch 部 volcanic ash soil. Seeds are sown about 4x2 cm ap剖，也en covered wi出 about 1 cm of soil. 
After being wa侈品d， the bed is often covered with vinyl film to maintain warmth and moisture. 

In box raising, n叮sery boxes that are designed for the raising of rice seedlings 紅e used as soil 
çontainer. These containers 位e easy to handle and c位Ty to the field where the raised seedlings 紅eω
be transplanted. 

Since soybeans are not highly tolerant to transplanting, special care is needed not to damage the root. 
To minimize damage, paper or plastic pots are used品 soil container. The seedlings grown in these pots 
tend to grow faster after 叮叮lsplanting. These pots were originally designed for raising lettuce or beet. 

Characteristics of仕ansplanted seedlings. Transplanting is normally conduc紀d 15-20 days after 
emergence, when seedlings reach prim訂y 1臼f expansion stage. In forcing culture, seedlings 紅e
transplanted twice in some臼ses ， frrst to pots, then 的 field (Sawachi 1971). Transplanted plants differ 
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m。中hologica11y from directly sown plants (Fig. 2). The top weight and stem length 訂e suppressed by 
缸ansplanti嗯， and the extent of the suppr的sion is gieater as the plants are transplanted later. But the 
ratio ofpodsωtota1 weight tends to be greater in 訂ansplanted plants. 甘le short-stemmed and dense­
podded shape of transplanted plants is desirable when selling vegetable soybeans wi曲曲e stem. 

56 

PAPER 
POT 

SOIL BED PLANTER 

'% /' 
。

-

N

E
L

創
刊

r
r
M
盯

H-JAU 
的
叭
叭
呵
-
A

E
』
口
H
E
J
W叮A

W
A
N

附

HAl 
叩

T
m
D

恥

A
r
k

/ • 
~→ \ 

/ PODS/TOP WEIGHT 
_ ，.J、 OF TRANSPLANTED 
U一""'-'- PLANTS 

" PODS/TOP 
OF DIRECT-SOWN 
PLANTS 

令一弘一。/ 

100 

80 

60 

40 

20 

山
o
d
←
z
ω
ω
江
山
已

T. R C. T. R C. 1 R C. 。
TIMEOF TRANSPLANTING 

Fig. 2. Effects of seedling raising and time of 虹ansplan世ng on the top grow也 (upper) and 
pods/top ratìo (lower). Seedlings were raised 扭曲ree ways (sown on planters, soil bed or 
paper pot), then 甘ansplanted at three growth stages (C: ∞tyledons expanding, P: primary 
leaves exp個dìng， T: frrst trifoliolate leaves expandìng). Adapted 企om Kohno (1989). 

Early-maturing cultivars, when 出eyare 甘anspl個ted， are apt to bear fewer pods because of p∞r 
growth. As a counterm個sure to the poor grow曲， long day treatment during seedling raising increased 
itsgrow出 after transpl扭曲啥， resulting in yield incr個se品 well (Suzukietal. 1985; Suzukiand Y部hiki

1990). Butthis宜eatment is notcommonly used. Transplanting i~ labor-intensiveand limits production, 
的 does harvesting. The use of transplanting machines, which were developed for other kinds of crops 
such as tobacco, can be labor-saving (Kato et al. 1981). Further research is needed to modify the 
machines, since they were not efficient enough to achieve a desirable planting density and planting 
depth. 

Planting, Fertilizing, Irrigation and Temperature Control 

Plant旭gdensity. 百leop血num planting density primarily depends upon cul世var used and planting 
time. The density ranges from 20 to 30 for forcing culture in the glasshouse to 5-10 plants/m2 for norma1 
season culture in the field. Higher density can incr臼se soybean yield, but might cause longer stems 
which could result in lower prices, when sold as a form of pod-bearing stem. 

FertiIization. Fertiliza位onfor耐getable soybean is in principle 出esame扭曲at for matured gr訟n
soybean. In forcing or early maturity culture, however, a larger amount of nitrogen is usually applied, 
倒ming to promote early growth of plants. The standard rat臼 ofN， P, Kand limeare40-1∞， 80- 1∞， 
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80-120 and 1000 kg/恤， respectively. When residual effects of the preceding crop are expected, there 
is a need to reduce the amount applied. When early growth of plants is inadequate, top dressing of 
nitrogen during growth is effective. 

Irrigation. Soybean plants require a large amount of water for growth. Insufficient water, 
particularly during flowering ωpod grow血 stages ， induces flowers and pods to drop. Therefore 
irrigation is essential when soil moisture is low during the critical stages. Since excessive soil moisture 
gives an adverse effect on root activity, special care must be taken not to flood the plants. 

Control of temperature. In the culture using a glasshouse or vinyl tunnel, temperature control 
within the house or tunnel affects st巴m length and podding. Although there 訂e few studies on 
temperature con住01 in vegetable soybean culture, it is recommended (Kohno 1989, Sawachi 1971) to 
k臼p the temperaωre less than 鈞一300C during the day and more than 10-150 C at night. 

Control of Weeds, Insects and Diseases 
Control of weeds. In the glasshouse or field where crops are grown successively, weeds 訂e not a 

major obstacle. However in the paddy fields where production of soybeans has recently increased in 
Japan, overgrowing weeds often obstruct the growth of soybeans. The control of the weeds greatly 
depends on herbicide applications, particularly in the larger fields. Since herbicides designed to be used 
specifically for vegetable soybeans have not been developed, those for matured soybeans are being 
used. Three systems of weed control in soyb臼n fields , which consist of the soil and foliar applications 
ofherbicides in combination with tillage and picking-offby hand, are shown in Table 2. With the first 
and second sequences, soil treatment by herbicides comes just after seeding. After emergence, foliar 
application of herbicides, intertillage and picking off by hand keep the field weed-free. The second 
method omits foliar 甘eatment of herbicides. The third system is adopted when soybeans are sown 
without tillage just after wheat or barley, where weeds can survive after the harvest of preceding crops. 
To control these weeds the foliar type of herbicides are sprayed before seeding of soybeans. After 
emergence, foliar types of herbicides are applied, then followed by pic姐ng off by hand, if necess訂y.

Table 2. Weed control systems used for vegetable soybean in Japan. 

T立lage---> Seeding----一〉 Emergence-------------> Maturity 

Rotary 一 -St.一 -Ft. It. Po. 一

Rotary -一 一- St.-一 一-一-It. Po.-一一-

NOnFt.一- 一- St.一- 一一一- Ft. Po. 一-一-

St.: Soil 甘eatrnentofherbicide, Ft.: Foliar treatrnent ofherbicide, It.: Intertillage, Po.: Picking weed offby hand. 
Adapted from Noguchi (1990) 

For all three sequences, the herbicides commonly used are: 住ifluralin ， alachlor, metolachlor, 
benthiocarb-prometryne, linuron and prome甘yne for soil application; alloxid加1 ， sethoxydim and 
fluazifop for postemergence foliar application; and glyfosinate for pre-seeding foliar application 的
prec吋ing crops. 

Control of diseases and insects. Damage caused by diseases and insect是 occurs commonly in 出e
culture of either vegetable soybean or matured soybean. General con甘01 m個sures are therefore 
common to the two cultures. Cultural practices and chemical meas叮臼 to control a few m呵。rdiseases
that cause severe darnage ωsoybean are given in Table 3. Besides these diseases, root necrosis 
(Calonectria crotalariae) andPhytophthora megasperma which damage the roots and stems of plants 
are ve可 destructive diseases. As shown in Table 3, since cultivars resistant 的 soybean mosaic virus, 
P也ple seed stain, etc. , are presently available, the choice of resistant cultivars in infected are部 is the 
most effective con缸01 measure. Unfortunately, however, the bean quality of these resistant cultivars 



58 Kokobun 

as vegetab1e soybeans is not high1y va1ued by consumers.τ'herefore it is necessaryωbreed new 
c叫世vars that have both high resistance ωmajor diseases and high bean quality as vegetab1e soybeans. 

Table 3. Cultural and chemical methods to ∞ntrol m句or diseases of vegetable soybean in Japan. 

Disease 

Soybean mosaic virus 

Purple seed stain 

Downy mildew 

Cultural 

Use ofvirus企ee seeds, 
Resistant cultivar 

Use of virus-企ee seeds, 
Resistant cultivar 

Avoidance of close planting 
or heavy fertilization 

Chemical 

Application of insecticide 
ω ∞n世01 aphids 

Application of fungicide 
at pod-filling stage 

Application of fungicide 

Major insects attacking vegetab1e soybeans in Japan include aphids, soybean pod gal1 midge, 
soybean pod borer, a variety of bugs, etc. Cu1tivars with high resistance ωthese insects have not yet 
been deve10ped, nor have any effective cu1tural practicesωcon宜。1 them emerged, so that the 
application of insecticides is the on1y practical way to con住01 them. 

Harvest 
The best time for harvesting vegetab1e soybeans is when most ofthe pods become filled and turn f記sh

green, and the duration of harvest time is short. Delayed harvest 1eads to 出e deterioration of bean 
quality，也at is an increase in hardness or a change of co10r. The time required for harvest occupies most 
of the wor尬19 hours devoted to vegetab1e soybean production. Working hours needed to harvest 
vegetab1e soybeans, radish and Chinese cabbage are comp紅色d in Tab1e 4. 1n vegetab1e soybeans, the 
time for harvest which includes from harvest to shipping, occupies about 61 and 87% of the tota1 for 
e紅1ymat區ity cu1tureandnorma1閻部on cu1ture, respective1y. Among the hours for harvest, depodding 
is the most time-consuming, and it 1imits the acreage. A few types of depodding machines have been 
deve10ped and used by large-sca1e farmers. Their efficiency ranges from 40 to 60 kg/ho叮. Moritaand 
Taka旺a (1987) found no significantly bad effect on extemal appearance of vegetab1e soybeans when 
the pods were removed by machine. Since research on the deve10pment of the machine has already been 
conducted, there will soon be further improvements in its efficiency. 

Table4. Wor區ng hours for harvest and the other management practices in vegetable soybean production 
in Japan. 

Working time (hours/ha) 

Crop Harvest Other Total 

Vegetable soybean 1280 (61.0 %) 820 21∞ 
(E紅ly maturity) 

Vegetable soybean 1760 (86.9 %) 265 2025 
(Normal season) 

Radish 935 (33 .4 %) 1865 28∞ 
(Early maturity) 

Chinese cabbage 750 (54 .3 %) 630 1380 

(Normal season) 

Early maturity: using vinyl tunnel. Hours for harvest includes all the time 企om harvest to shipping. Figures 
in paren血eses 紅'e percentage ofharvest toωtal. Adapted fro~ Kohno (1989). 
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Cropping Systems 

Crop Rotation Including Vegetable Soybean 

In the traditional cropping pattern where vegetable soybeans are grown in normal season, spring 
vegetables precede and autumn vegetables follow the vegetable soybean in many cases. In the culture 
using a glasshouse, it is possible for vegetable soybeans to be combined with various kinds of 
vegetables. Typical combinations ofvegetable soybean and other vegetables in cropping sequence訂e

illus住ated in Fig. 3. Tomato and cucumber are often grown before or after vegetable soybean in forcing 

CROPPING 
TYPEJAN.I FEB. 1 MAR. 1 APR. LMAY. 1 JUN. LJUL~_l AUG.I SEPT. I OCT. 1 NOV IDEC 1 

FORCING --0 
(IN GLASS 

HOUSE) 

VEGETABLE SOYBEAN 

TOMATO 

0>---咱一-i I CUCUMBER 
TOMATO 

。

CUCUMBER ()--t于→，

NORMAL 
SEASON 

(OUTDOOR) CHINESE CABBAGE R仙 SH 0 c二二2

CARROT 

SPI…c-----o--------
Fig. 3. C!"opping ~equen臼s including gre~ soybean in Japan. 
。~ Period of sowing~ -=6- -transplantiIÏg, peri吋 ofharvest.

Adapted from Kohno (1989). 

culture. Vegetable soybean of normal 鉛ason or matured culture is often followed by radish, Chinese 
cabbage or spinach which can be sown in summer to autumn and harvested before spring. Many studies 
indicate that to rotate soybeans with other crops,is generally better than growing soybeans continuously 
(Johnson 1987). The rationale of the yield advantage of the rotation is often obscure. 甘lUS further 
research is n臼ded to provide more rational ways of rotating vegetable soybeans with other crops for 
each production 訂閱.

Effects of Continuous Cropping 

Soybean plants are relatively tolerant to continuous cropping, but it may result in a decrease of yield. 
甘lere are many reports that the grain yield of vegetable soybeans beginsωdecrease significantly after 
3 -4 y閉路 。fcontinuous cropping. The results of a survey on the dan1age caused by continuous cropping 
of soybeans and me部ures being taken by farmers in selected soybean-producing ar個s are given in 
Table 5. The decreased yield was mainly due to the poor growth caused by an increase in soil-infectious 
diseas臼. Chemical controls such as seed disinfection, spraying of pesticid臼 and soil disinfection were 
the main measures taken by farmers. 甘ley expected the scientists to br，臼dcultiv紅swi血 high resistance 
to these diseases, and to develop more effective chemicals. However, rotating soybeans with other 
crops is a more efficient way of avoiding dan1age cau鈴dbycon也1UOUS cropping while retaining higher 
yield with less input. 
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Table 5. Diseases caused by continuous cropping ofvegetable soybean and measures being taken 
by fanners to control them in selected production 訂'eas.

Area Cropping type 

Niigata E紅ly maturi妙，

Normal season 

To峙。 E訂ly maturi旬，
Norma1 season 

Osaka E訂ly maturi旬，

Norma1 season 

Adapted from Anon. (1984). 

Causes 

Phytophthora ro t, 
poor growth,etc. 

B acteria1 blight, etc. 

Rootneαosis， etc. 

References 

Measures 

Seed disinfection, etc. 

Chemica1 spray凶g

So i1 disinfection, etc. 
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Management Inputs and Mechanical Harvesting of 
Vegetable Soybean in Taiwan 
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Abstract 
Vegetable soyb臼n is one of the major horticultura1 export crops ofTaiwan. More than 90% of the planted 訂閱

is in Pingtung Coun句， where the Nationa1 Pingtung Jnstitute of Agriculturehas undertakensevera1 projects to solve 
mechanization problems. We developed a zone-tillage pneumatic precision seeding andfertilizing machine, which 
decreases seed damage and saves on labor. We started our vegetable soybean harvester studies in 1985, and 
developed a two- and four- row reciprocating mower句pe commercia1 model, which can leave 3-5 kg/bundle on 
the ground. From the studies ofvegetable soybean threshing machines, we learned that the most suitable linear 
velocity for a feeding ch也nisO.72 m/s惚， andtheop也numangul紅 velocity for a也reshing cylider is 400 rpm with 
an effective diameter of 36 cm. To protect the pods from mechanica1 injury whi1e threshing, we developed two 
types of rubb訂出reshing teeth. We a1so developed areciprocating vibration-句pe separating machine ωpickout 
血.e one-kemel pods. 臼le separaωr has the capacity to support 10-15 血reshers.

Introduction 
Currently, vegetable soybean is planted in an areaof more than 10，做)()ha.τ'heyieldis 10，α到一12 ，α)()

kg/ha. Vegetable soybean requires 7∞ person-hours/ha for 認edi嗯， fe甜lizing， harvesti嗯， threshing, 
and separating operations. Therefore, mechanization of vegetable soybean production is very important 
to decrease production costs and to solve.the serious labor shortage problem in the rural community. 

Seeding and Fertilizing Machine 
We developed a zone-tillage pneumatic precision seeding and fer世lizing machine 何'ung and Su 

1984). Wi血 precision鉛eding， we were ableωd也r臼sethe品mageto認eds. The WS-2 type fertilizer 
was one of the bestdevices for the fertilizing operation (Wung and Su 1981). The zone-tillage device 
出at we developed, and which was accepted by our farmers，的自 asmallrota旬的 open a furrow 25 cm 
wide and 16 cm deep for drainage and irrigation. 百le soft soil is covered evenly above由es臼dbed3-5
cm thick and 50 cm wide on切th sides. This soil situation was suitablefor bedding (W ung and Su 1984). 

Harvesting Machine 
We developed a two- and four-row reciprα;ating mower句pe commercial model for harvesting 

operations, which臼n leave 3-5 kg/bundle on the ground. The damage rate of the pods was 1.0%, wi血
a field loss less 白血 4.0%. The 1-m wide four-row harvester c個 work at 0.6 m/:鈴c operating sp臼d，
and needs 7-8 hours/ha. 

61 
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Threshing Machine 

From the studies of vegetable soybean threshing machines, we determined that the most suitable 
l泊位r velocity for a feeding chain is 0.72 m/s缸， and the optimum angular velocity for a threshing 
cylinder is 40。可m with an effective diameter of 36 cm. To prot倒也e pods from mechanical划的
while threshing, we developed two types of rubber threshing teeth. According to performance tests, 
damage rate w部 decreased to 10.5%. It can reach 95% in threshing rate efficiency with a capacity of 
60kg/ho盯. That isι8 times faster than hand threshing. 

Separating Machine 

百le reciprocati嗯， vibration句rpe separating machine we developed is used to pick out the one-kernel 
po也. Performance tests show it is suitable in sep訂這血g variety 205 vegetable soybean pods, and can 
reach a 900 kg/ho叮 capacity. With the sieve in the horizontal positi凹， and the vibrating frequency at 
400 cpm it can reach a 96.3% acc叮acy rate. One separator has the capacity to support 10-15 threshers. 

Materials, Installation and Methods 

Materials 

百le variety we chose in this series of studies w品 205 (Tzurunoko) vegetable soybean. The 
synthesized compound granule-type fertilizers No. 1, 5, and 39 were adopted. 

Installations 

For the mechanization study of vegetable soybean, the Institute had developed some special devices 
as follows: (1) a four-row zone-tillage pneumatic precision seeder 仰Tung and Su 1982; Su and Wung 
1988); (2) WS-2 type fertilizer (Wung and Su 1981); (3) two- and four-row reciprocating mower-type 
harvester (Hsieh and Hsieh 1985); (4) blower test device and a variable speed-type 血resher; and (5) 
separating test devi臼.

Methods 

Seeding and fertilizing machine. First, static performance test de忱的 for both seeding and 
fe口出zing operations were established to determine the best conditions. They were then tested in the 
soil-bin testing stand, and the data were analyzed. Four model fertilizers used in Taiwan recently were 
also evaluated. Finally, a zone-tillage machine was developed for field-testing. 

Harvesting machine. Before designing the harvester, the physical properties of vegetable soyb個n
were analyzed to determine the plant' s center of gravity and the dis虹ibution of pods on the plants. In 
Taiwan soybean seeding is done in 4 rows in a l-m width ridge, so two models功ere developed for field­
testing. Gross field loss was investigated and the primary design w品 modified.

Threshing machine. For best blower conditions, a blower tes位ng device was used to vary wind 
velocity and test the accuracy rate of pod separation. During the threshing machine test, the optimum 
type, clamping point, and velocity of feeding chain ωdec防部e pod injury during the feeding pr凹的S
W部 studied. In 0叮 threshing drum design，自ethr臼hing 能e出 were arranged in 4-，手， and 6-自r臼d
screw types (Hsieh 1985), and with 3,4 , and 5 cm radial spacing扭曲eoptimum脫th arrangement for 
seeding. To protect the pods from mechanical injury while 血reshing， two types of rubber threshing 
t閃出， one solid and the other with a keyhole in the center for the threshing drum were developed (Hsieh 
1985). Two types of sieves, one flat and one semicircular wi血 a 980 contact angle, were developed to 
study their effects on the threshing rate. 
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Separating machine. A reciprocating, vibration-type separating test device was deve10ped to pick 
out the sing1e-seeded pods. In the test process, the dimensions of one- , two- and three-seeded soybean 
po也 and their static friction ang1es were ana1yzed first. With this device it is possib1e to con甘01 the 
vibrating frequency and the sieve ang1e from horizonta1 to 80

• Different percentages of sing1e-seeded 
pods were mixed for the test. 

Results and Discussion 

Seeding and fertilizing machine 

A zone- ti11age pneumatic precision seeding and ferti1izing machine was deve10ped. Wi血 precision

seeding, the damage to seeds cou1d be decreas巴d to rea1ize a substantia1 saving. 

The S-diagram shows 出at the WS-2 type fert i1izer was one of the best devices for the ferti1izing 
operation 何Tung and Su 1981). 

The zone-ti11age device that was accepted by our farmers uses a small rota可 to open a furrow 25 cm 
wide and 16 cm d臼p for drainage and irrigation. The soft soi1 is covered even1y above the seedbed 3-5 
cm thick and 50 cm wide on both sides. This soi1 situation was suitab1e for budding仰TungandSu 1984). 

Harvesting machine 

Vegetab1e soybean harvester studies were begun in 1985, and a two- and four-row reciprocating, 
mower-type commercia1 harvester that cou1d 1eave 3-5 kg/bund1e on 血e ground was deve10ped. 

甘le average plant height ofvariety 205 (Tzurunoko) is 72.25 cm, and i的 center of gravity is 21.97 
cm from the cutting point wi出 a 1ι29 cm range (Hsieh and Hsieh 1985). After cutting, the best 
c1amping point of transport chain is within that range, so the 1eft 10wer chain was designed to c1amp the 
10 cm point and the upper chain the 25 cm point, and the right c1amp chain c1amnped the 16 cm point 
(Hsieh and Hsieh 1985). 

In genera1, the cutting sp臼d of the mower is 1.5 to 2 但saki 1977); 1.8 (Hsieh and Hsieh 1985) w部
se1ected for this harvester's design, resu1ting in a 0.9 m/sec mean cutting speed ofthe shear mechanism, 
which allowed a w祉king speed of 0.5 to 1 m/s巴c (Hsieh and Hsieh 1985). 

甘le average damage rate ofthe pods was 1.0% (You et a1. 1990), with a fie1d 10ss 1ess than 4.0%. 
The 1-m wide four-row harvester can work at 0.6 m/sec operating speed and needs 7-8 hours/ha (You 
et al. 1990). 

Threshing machine 

According to the b10wer test, the best wind ve10city for dividing variety 205 pods from 1eaves was 
11 m/sec (Tzeng and Hsieh 1988) with its windguide plate ang1e at 21 0

• Itcan reach a 95.7% accuracy 
rate in the primary ou t1et (Tzeng and Hsieh 1988). 

From 個rlier studies , it was known that the most suitab1e linear ve10city flσr a feeding chain is 0.72 
m/sec (Hsieh 1983), and the optimum angu1ar ve10city for a threshing cy1inder is 400 rpm with an 
effective diameter of 36 cm (Hsieh 1985). 

The rubber threshing tooth with a keyh01e 扭曲ecenter w品 se1ected to 紅range the threshing drum 
in 6-thread screw and 3 cm space (Hsieh 1985). According to the performance test, this device can 
decrease damage rate ω10.5%徊的h 1985). 
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甘le Op血num concave sieve for vegetable soybean was a semicircle type with a 980 contact angle. 
Its 出resh加g rate can reach 94.2% , 13.3% higher than with a flat sieve (Hsieh 1985). 

It can reach a 95% threshing rate efficiency and a capacity of 60 kg/hour. This is 6-8 times faster 
than hand threshing. 

Separating machine 

Variety 205 vegetable soybean pods with one kemel are 3.31-4.03 cm long, 1.19-1.35 cm wide, and 
0.74-0.92 cm thick. For two-kemel pods 血e ranges are 4.44-5.01 cm long, 1.22-1.38 cm wide, and 
0.75-0.93 cm thick , and for three-kemel pods, the range is 5.28-5.96 cm long , 1.24-1.40 cm wide, and 
0.8弘0.94 cm thick (Shieh and Chen 1987). 

The static 台iction angle of vegetable soybean pods is between 8 and 11 0 and tends to slide along its 
longitudinal axis (Shieh and Chen 1987). 

If the amount of one-kemel pods, which we hopeωpick out, is less than 25% such as variety 205 
vegetable soybean, and the sieve is kept horizontal, then the sep紅ating rate in the primary outlet is 
highest (Shieh and Chen 1987). The addition of a balance rack weight to the shaking separaωradds 
stability (Shieh and Chen 1987). Wi出 the sieve in the horizontal position , and 血e vibrating f記quency
at400cpm, itcanreach a 96.3% accuracyrate (Tzeng and Hsieh 1988; You etal. 1990). One separator 
has the capacityωsupport 1。一15 threshers. 
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Abstract 
Vegetable soybean is a 甘aditional vegetable of Chinese p切ple . There was no particul訂 cropping pattern for 

vegetable soybean in Taiwan before the expansion of hectarage to meet export demands. The production and 
quali可 ofvegetable soybean are sensitive to environmental conditions. Due to high population and lirnited arable 
land, agricultural production systems 紅ehighly intensified, with ahighMultiple Cropping Index (MCI) in Taiwan. 
The production of vegetable soybean has to be incorporated into these existingαopping systems. Thus it is 
important to identify suitable production areas, seasons and cropping systems for vegetable soybean (1) to achieve 
high yield and good quality, and (2) to maintain and/or improve the tota1 productivi可 of a given piece of land and 
出e total profit to the farmer. The present and potential cropping syste口15 for vegetable soybean 紅e discussed from 
the point of view of marketing potentia1, clirnatic conditions, suitability in ri臼-based cropping systerns, and the 
role in sust位ning agricultural productivity. It was found that the developed and/or developing cropping systems 
forvegetable soybean in the central, centra1-southem and southem regions ofTaiwan 紅e appropriate systerns. And 
there should be considerable potential for vegetable soybean to be grown during summer to substitute the second 
rice crop in 血的e regions. In the eastern regio悶， it is possible to grow two crops of vegetable soybean after the 
frrst rice crop or spring maize in the Hualien 位ea. In the Taitung 訂ea which has a simil訂 temperature pa往前n to 
the Kaohsiung-Pingtung 訂'ea， vegetable soybean can be grown in the spring or autumn and rotated with rice and/ 
or 訂13.1Ze.

Introduction 

Vegetable soyb臼n isa 甘adiúonal vegetable of Chinese pωple. In Taiwan, vegetable soybean was 
being grown long before export toJapan had begun (Fig. 1). Farmers often harvestedimmature soybean 
pods as vegetables during summer when typhoons hit Taiwan and the price of vegetables was high. 
Therefore, there was no particular cropping pattem for vegetable soybean in Taiwan before the 
expansion ofhectarage for the export market. The vegetable soybean pods for export must be processed 
quickly, so theirproducúon is Usually organized by a processing factory , and therefore specific cropping 
systems in specific 訂閱s must be followed. 

The producúon and q聞lity of vegetable soybean 訂e sensitive ωenvironmental condiúons. Due to 
high population and limited arable land in Taiwan the agricultural production systems are highly 
intensified with a high Multiple Cropping Index 仙1CI) (Fig. 2). The production of vegetable soybean 
has to be incorporated into these exisúng cropping systems. Thus it is important to identify suitable 
production 訂閱趴扭扭ons and cropping systems for vegetable soyb個n to achieve high yield and good 
quality and to maintain and/or improve the total productivity of a given 訂閱 and profit to the farmer. 
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Climatic Conditions and Cropping Systems in Taiwan 
Although Taiwan is a small island (36，0∞km2) ， its climatic conditions vary with 鈴ason and location. 

It has an oceanic sub虹opical climate with a 10嗯， hot summer, and a short, mild wintβr， p紅包cularly in 
the southem region where the mean air temperature is higher than 200 C during winter (Fig. 3). Rainfall 
is abundant, varying from 17∞ to 2000 mm/annum on the plain, and 3∞Ot040∞扭曲e mountain are品
(Kuo 1978). Most rainfall comes during the summer, except in the northem part of the island where 
it is more evenly distributed year-round (Fig. 4). 
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Rice is the most important crop, and rice-based cropping systems are the most prevalent in Taiwan. 
Amongωta1 cultivated land of 894,974 ha in 1988,483 ,514 ha or 54.0% were paddy fields. Based on 
the available amount of water for rice growth, the paddy field is classified into double rice cropping area 
(344,084 ha) , first crop single rice cropping area (9722 ha), and second crop single rice cropping ar閱
(129,708 ha).τne leading rice-based cropping systems for each category have b臼n described by Cheng 
(1975) and Su (1981) 部 follows:
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(1) Double rice cropping areas: 

First crop ofrice - (Summ巴r catch crop) - Second crop of rice - (winter catch crop). 

(2) First crop single rice cropping areas: 

First crop of rice - Second crop of upland crops. 

(3) Second crop single rice cropping 訂閱s:

First crop of upland crop - Second crop of rice - Winter upland crop. There are three main patterns 
included : one rice 叮op in eve可 1 ， 2， or 3 years. 

With 出e change in the dietary habits of the pωple in Taiwan due to rapid economic development 
during recent years, rice consumption has declined since 1977, which resulted in a remarkable su中lus
in the rice supply. This ove中roduction of rice has become a cri位cal problem, and converting the 
cropping patterns in the paddy field to decre翻出e production of rice is a major 凶k of agricultural 
research and extension institutions. It is obvious 血at the production of vegetable soybean is mainly 
incorporated Ïnto rice-based cropping systems, either rotating with a rice crop or substituting for a rice 
crop. 

Present Cropping Systems for Vegetable Soybean 
The production of vegetable soybean in tl巴rms of maturity, marketable yield, shoot weight and the size 

of pod is sign江ïcantly different in different cropping s開sons. Results of six vegetable soybean en師的
in regional yield 住ials in the south巴:rn part of Taiwan showed that vegetable soybean had the highest 
marketable yield and largest pods in the spring s開son planting, though it also needs the longest growth 
duration among three season plantings (Table 1). The summer season planting had the lowest and 出巴
most unstable yield, and smallest pods. It is clear that summerconditions are not suitable forproducing 
the high quality vegetable soybeans required by the Japanese market. As mentioned earlier, the 
vegetable soybean produced during the summer season is mainly for the domestic market to supplement 
the shortage of vegetables. 

Table 1. The growth and yield of vegetable soybean during different seasons. 

Season Maturity Marketable Shoot weight No. ofpods 
(days) yield (t/ha) (的la) (per 515 g) 

Spring 80.O:t2.3 4.95:t0.49 18.95:t3.60 166:t6 

Summer 75.9:t4.6 2.85:t2.47 11.95:t2.05 203:t4 

Auturnn 70.9:t2.6 4.45:t1.48 9.6O:t3.53 178:t2 

Most vegetable soybean for export is grown 扭曲e southern partofTaiwan , Kaohsiung-Pingtung area 
(Kao-Ping), where the m臼n air temperat叮e during winter is higher 也an 200 C and the rainfall mainly 
comes during summer. Vegetable soybean is suitable for both the spring and autumn season plantings 
in theseare品. Thereare 血ree major cropping systems for vegetable soybean in this region:τ'hespring 
se部on planting starts in February and is rotated with the second rice crop and tobacco (pattern 1, Fig. 
5). The autumn s臼son planting starts in October and is followed by snapb臼n and the second rice crop 
(pattern 2, Fig. 5) , or rotatβd with two crops of rice (pattern 3, Fig. 5). In the central-southern part of 
Taiw缸， Chiayi-Tainan areas, the production of vegetable soybean for export has started to expand, 
mainly in the spring s臼son plantings and rotatβd with the second rice crop and maize (pattern 4, Fig. 
5). The summer vegetable soybean which rotated with maize and the first rice crop is mainly for the 
domestic market (pattern 5 f Fig 5). In the central part ofTaiwan, Taichung area, vegetable soybean h部
recently been incorporated into the rice-based cropping systems. Vegetable soybean rotates with the 
second or the fIrst croprice, and potato (or other vegetables) in 出e spring or late summer s開sonp旭nting

respectively (patterns 6 個d 7, Fig. 5). Vege個ble soybean is also grown in the spring s臼son planting 
to be rotated with melon and peanut in 出is region (pattern 8, Fig. 5). 
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Area Cropping pattern and Cultivation calendar 
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Fig. 5. The main cropping systems for vegetable soybean in Taiwan. 

Potential Cropping Systems 
With the potential for export, the production of vegetable soyb臼n has increased dramatically during 

the last decade in Taiwan. However, the production is mainly concentrated in the Kaohsiung-Pingtung 
area which has the best environment for most crops during the dry season (wi出 irrigation). It app臼rs
that due ωthe limited land and strong competition from other high-va1ue crops such as adzuki bean 
(which needs less labor to harvest), more vegetable soyb臼n wi1l be grown in other parts of Taiwan. 
Since there is no arable land for expansion, a new crop such as vegetable soybean has to compete with 
available crops and incorporated into existing cropping systems to establish new cropping systems. 

Any new cropping system should be considered for its profitability and sustainabi1ity. Profitability 
is based on marketing potential, yield, and quality of produce, and susta泌的ility is related 的 theenergy
and finite resources utilized and the possibility of pol1ution caused by the system. To enhance 
profitabi1i旬， high yield and g∞d quality of produce should be achieved, and production costs should 
be reduced. For implementation, the appropriate varieties and production environments (i.e. location 
and season) should be identified, and the management techniquesωreduce labor cos的 and improve 
e釘ïciency of natura1 reso班ces and inputs utilization should be developed. In Taiwan , intensive 
agricultura1 production sys紀ms 訂e practicedωmaintain high productivity of land. However, the 
fertility of the land is general1y low due to overexploitation of nu佐ients and inappropriate management. 
τ'hus the role of a crop in the sustainabi1ity of a new cropping system needs to be emphasized. Therefore, 
to identify the potentia1 cropping systems for vegetable soybean in Taiwan, its marketing potentia1, 
production environmen訟， existing cropp均systems， and its role in sustaining agricultura1 productivity 
should be considered. 

Marketing potentiaI 

It is wel1 known that there is a large market for vegetable soybean in Japan. However, the potentia1 
of vegetable soybean to be an important vegetable during summer in Taiwan, when there is a shortage 
in the supply ofvegetables, has not been recognized. Although most of the vegetable soybeans produced 
in the summer season are not suitable for the J apanese market, they seem acceptable 的 loca1 consumers 
due to differences in preparation and consumption. 
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Location and season 

The vegetable soybean for loca1 consumption d叮ing summer can be grown across the island without 
significant differences in yield, except the threat of typhoon damage. Because of its relatively short 
growing period, the possibility of typhoon damage is lower than for grain soybean. Even if it is hit by 
typhoons, it can be plowed into the field as green manure. F訂mersin 血e central-south parts ofTaiwan 
(Chiayi-Tainan areas) have well accepted 出is concept for soybean production and shifted the main 
soybean production 訂e部 in Taiwan (Table 2). 

Table 2. Changes inhectarage and percentage of soybean production in Taiwan between 1983 and 1988. 
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The quality of vegetable soybeans for export must be of a high standard in terms of pod size, color, 
etc. For the autumn season planting, due to the low temperatures during the late stages of vegetable 
soyb臼n， only 血e southem region is suitable. In the central and central-southem regions, vegetable 
soybean has to be sown in late summer, when there is a risk of damage by typh∞ns and heavy rain. For 
the spring season planting, re&ults of a network on soybean in Taiwan showed that both the central­
southem and southem regions are suitable (Table 3). In the cen叮a1 areas, the soybean might suffer from 
low tempera個res during the early stag郎， so it should not be sown before March. 甘le temperature is 
t∞ low for vegetable soybean in the northem region during spring. In the eastem 紅臼s (Hua1ien) , 
soybean suffers from a high incidence of soybean rust during spring. In conc1usion, the vegetable 
soybean for export should be grown扭曲e訂閱s south ofTaichung in the spring and late summer season 
plantings, and in the southem region in the autumn planting. 

Table 3. The yield of vegetable soybe曲， KS 10, in different seaωns and 
locations in T缸wan.

Location Yield (的la)

Spring Autumn 
Taichung 2.0 

T也nan 2.9 1.6 

Kaohsiung 2.7 2.6 
Hualien 1.8 

Taitung 1.5 

Role of vegetable soybean in sustainable agricuIture 

甘lelossofnu甘ients from the soi1 due to the intensive agriculture in Taiwan is causing major concem. 
Leguminous crops with the ability 10 fix nitrogen have been considered as useful crops for improving 
the soil ferti1ity in mu1tiple cropping systems. 

The ana1ysis of soi1 total nitrogen in cropping systems studies at A VRDC showed 出at soybean and 
mungb臼n increased the soi1 total ni甘ogen， especia11y when they were grown in the summer season 
planting (Fig. 6). The vegetable soybean is harvested during the R6 stage when出ere are more nu世ients
remaining in the shoots than at the Rg stage when出e grain soybean is harv臼ted (Table 4). Thus more 
organic nitrogen can be retumed ωthe soi1 and hence improve its fertility. 
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Fig. 6. Changes in soil to叫 nitrogen in different cropping systems. 

Table 4. Nitrogen yield from soybean during different growth stages. 

V紅iety Stage Shoot Pod 

(kgjha) (%) (kgjha) (%) 

KS 8 R6 101.6 39.6 155.2 60.4 

KS 8 R8 45.3 14.0 278.1 86.0 

KSI0 R6 78.8 30.2 182.4 69.8 

KS 19 R8 36.1 12.7 248.8 87 .3 

Due to the labor shortage and hence high labor èosts in Taiwan, and the high labor requirements for 
harvesting vegetable soyb臼n， m也hanical harv自由g is urgently needed. It is a reasonable expectation 
that all residues of vegetable soybean will return to the soil when mechanical harvesting is practiced. 
Therefore, the expansion of vegetable soybean production will play an important role in sustaining 
agricultural productivity in Taiwan in the n阻r future. 

Suitability in rice-based cropping systems 

As mentioned earlier, most present cropping systems for vegetable soyb臼n are rice-based, and since 
no adverse effect on either crop has been noticed, it app臼rs that vegetable soybe個 is suitable for 
rotation with rice. Furthermore, results of a network on cropping systems during 3 y個rs indicated 血at
soybean can fit well inωdifferent rice-based cropping systems in different locations (fable 5). 
Vegetable soybean with a similar growing habit and shorter grow出 duration should be more suitable 
由an grain soybean in these cropping pattems. 

It s臼ms that vegetable soybean is a potential crop to substitute and/or rotate wi出 rice to reduce rice 
production and ωmaintain and/or improve soil fertility in T.也wan.
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Table 5. Yield (t!ha) of soybean in different cropping patterns and locations in Taiwan, 1986-88. 

Cropping pattern Total growth 

duration (days) Tainan 

Soybean-Rice-Maize 35 l::!:8 2.9土0.6

Rice-Soybean-Maize 347:t11 2.4:t0.6 

Rice-Rice-Soybean 303:t1 

Maize-Rice-Soybean 313土11

Rice-Soybean 264:t2 
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Potential Cropping Systems 
Considering the above-mentioned factors , we found that the developed and/or developing cropping 

systems for vegetable soyb臼n in the central, central-southem and southem regions ofTaiwan (Fig. 5) 
are appropriate systems. There should also be great potential for vegetable soybean to be grown during 
summer to substitute for the second rice crop in these regions. 

Area Cropping pattern and Cultivation calendar 

J J A S 。 N D J F M A M J J I A S O 
E 1 1 I _l _l_ 1 I I_J I 1 

Hualien 11IYØ9).$()ÿMM&ë9t~oWElM 1 1 sl rice I~i9yÞ~材|

21lli你 *9y.Þ~MF時 ~()yþ馴| maize IÉ鯨 ~9Y悅叫 | 

Taitung 3 |rice or maize 11rice or maize 11yøg; ~9ÿÞØMi 11rice or maize l 
4 1[扭~叫béat( 11 翩。ttt'l通t~ : 11 rice or maize 1 

Fig. 7. The main αopping systems for vegetable soybean in eastern Taiwan. 

In the eastem regions, it is possible to grow two crops of vegetable soybean after the first rice crop 
or spring maize in the Hualien area. In the Taitung area, which has a similar temperature pattem to 
Kaohsiung-Pingtung, vegetable soybean can be grown in the spring or autumn s臼son planting and 
rotated with rice and/or maize (Fig. 7). 
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Abstract 
Vegetable soybean quality and yield can be improved through appropriatefertilizermanagement techniques and 

rhizobia inoculation. The best chemical fertilizer application rate was 60-80-60 kg N-P-K/ha; for soils with high 
phosphorus ∞ntent， a 60-40-60 f，訂tilizer was sufficient. Best results were obtained 台om chemical fertiliz位S

applied as basal, at 15 days after sowing and at pod initiation stage in the following percentages: N, 50-30-20; P, 
70-30-0; K, 50-50-0. Themostsuc白的fulorganic fer凶泣ation， consisting of a30-40-30 N-P-Kfertilizer combined 
with either 2 t chicken manureJha or 3 t fermented pig dung/ha increased graded pod yield by 13-25 % (13 -20% for 
fermented pig dung) and also pod quality. Al也ough organic fertilizers also improved soil nutrient content, which 
may have contributedωalmost all of the quality factors of soybean, the relationship between vegetable soybean 
taste and soil nutrient content must be studied to draw ∞nαete conclusions. Rhizobia inoculation in conjunction 
with 20 kg NJha increased both the number and weight of nodules. In addition, it not only increased graded pod 
yield by 14-22%, but also reduced fertilizer costs by $150/ha, raising overall profit by $480月la.

Introduction 

Vegetable soybean's growth period varies sligh t1y with varieties and planting 扭扭ons. For the 
y紅ieties presen t1y cu1tivatβd in Taiwan the grow血 period of the spring planting is 70-80 days, and 
a,utumn planting 65-70 days. Because the grow出 period of vegetable soybean is short, and yields more 
revenue than grain crops such 部 adzuki bean, com and peanut, the 訂閱 planted to vegetable soybean 
has increased rapidly from 5012 ha in 1983ω10，715 ha in 1988 (Dept of Agricu1ture and Fores的
1989). Vegetable soybean has thus become one of the m句or economic crops in southem Taiwan. 
Vegetable soybean was previously selected from grain soybean varie位es that produced larger seeds, and 
management practices were those for grain soybean. However, with the development of new cultivars 
in r自己nt y闊的， the growth period of vegetable soybeans is shorter than that for grain soybean , and 
fertilizer management for vegetable soybean is different and needs to be made better known to the 
farmers. 

In recent years, vegetable soybean produced in Taiwan has been mainly frozen and exported to J apan, 
gradually becoming an important processing product (Tsou et al. 1990). High quality is an essential 
req的rement for the Japanese market. Improvements in appe紅ance ， texture and flavor are most 
important. The criteria of J apanese importers are: the standard graded pods should contain two or more 
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s巴巴ds with pods 4.5 cm long and 1.3 cm wide, and be fresh green in color; pod weight of 515 g should 
be composed ofless than 175 pods (Cheng 1990; Hung etal. 1990; Tsou et al. 1990). Because both 
quantity and quality of pods are importantin increasing marketprice of vegetable soybean, considerable 
attention has been given to the potential of improving quality through cultural practices, e.g. irrigation, 
harvest time, fertilization management, planting time, etc. 1n Taiwan, where the living standards of 
pωple are quite high, the requirement of increasing yield h部 shifted to the 叮gent need of improving 
quality. This trend may be even stronger in Japan, which is also highly developed. 

This study of the optimum fertilizer management practices for vegetable soybean looked at (1) the 
required amount and application time of chemical fertilizers; (2) effects of different organic fertilizers 
on yield and quality; (3) optimum nitrogen application rate toge出er with rhizobia inoculation; and (4) 
the relations of soil chemical properties ωquality of vegetable soybean. 

Materials and Methods 
Four series of experiments were conducted from autumn 1985ωspring 1990 in southem Taiwan and 

atAVRDC. 

Experiment 1 was c紅ried out in Chutien and Likang in both autumn 1985 and spring 1986. 
Treatmen訟， fertilizer application rates and time are given in Tables 1 and 2. Cultivar Ukinosita was 
grown using a randomized incomplete block design with four replications. 

Table 1. Fertilizer application rates (experiment l-a). 

Treatrnent N o. Application rates. of (kg/ha) 

N P K 

1 2旦 80 60 
2 60 80 60 

3 旦旦 80 60 
4 120 80 60 

5 60 生旦 60 

6 60 旦旦 60 

7 60 80 30 

8 60 80 旦旦

*N application was split into 由ree 也nes， 50% as basal, 30% at 15 days after sowing (DAS) and 20% at pod 
initiation stage; P was applied as basal on1y, and K was applied twice, 50% as basal and 50% at 15 DAS, 
respec丘vely.

The second series of experiments was started in autumn 1987, con世nued in the spring and autumn 
ofl988 , andended in spring 1989. Splitplotdesign wasadoptedin theseexperiments with twocultivars 
(Tz叮unoko 205 (Vl) and Kaohsiung No. 1 (V2)) 的 main plots and different organic fer惱zer

applications as subplots (Table 3). Quality evaluations of the graded pods were made after the autumn 
1988 and spring 1989 出als.

甘le third series of experiments w部 initiated in autumn 1988 and ended in spring 1990. We used a 
randomized completβblock design with three replications. Treatments included five organic fertilizers 
plus chemical fertilizers (Table 4). Curtivar Kaohsiung No. 1 pods harvested at R6 stage were analyzed 
for dry matter, protein, fat, sugar, starch, fiber contents, hardness and pod color rating. Line紅
regressions were applied between soil properties and quality composition. 
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Table 2. Treatment times and ratio of fertilizer applications. 

Application ratio (%) at the time of 

15 DAS Flowering 

N-P-K N-P-K 

Pod initiation 

N-P-K 

Basal 

N-P-K 

Treatment 

揣
一1
2

。-0-0

0-0-0 

。-0-0

0-0-0 

0-0-0 

50-0-0 

100-100-100' 

50-1∞-100 

。-0-0

。-0-0

20-0-。

。-0-0

20-0-0 

0-0-。

30-0-0 

30-0-0 

30-0-0 

30-30-。

70-1∞-100 

50-1∞-100 

50-1∞-100 

70-70-1∞ 

3 

4 

5 

。-0-0

0-0-0 

0-0-0 

。-0-0

0-0-0 

0-0-20 

Z
O

『
f

。
。

30-0-50 

30-0-30 

70-1∞-50 

70-1∞-50 

• Application rates of N, P and K were 60, 80 and 60 kg/ha, respectively. 

Table 3. Chemical and organic fertilizer applications. 

Ex,periment 2a - 1988 

Chemical fertilizer 

N P K 

Organic fertilizer 

Amounts (t/ha) Type 

Trea位nent

No. 

O 

FS' 

2 

6 

3 

Check 

Seaweed extract 

Chicken manure 

Garbage compost 

Pig dung 

Fu-Ming-Shub 

60 

60 

30 

30 

30 

30 

80 
nununu 

。
。

A

峙-
A
U
『

40 

60 

60 

30 

30 

30 

-
A
勻
，
H
q
d
A

斗

ζ
J

4 40 30 6 

Experiment 2b - 1989 

。Check 

Seaweedex甘act

Chicken manure 

60 80 60 
-AmLqd 

時
2
4

60 

30 

80 

40 

60 

30 

6

口
3

Chicken manure 
tt CDea nunu 

呵
呵

nunu puvpuv eegg 
σ
。
。
。

n
n

aauu bbdd 
紅
紅

g
g

G
G

叫
到

。
30 

。

。
40 

。

。
30 

。

A
峙
，
、
d
k
u

30 

。

40 

。

30 

。

7 

6 

'Seaweedex甘act is a commercial product∞ntaining several kinds of 住ace elements; foliar sprayed 出ree 也nes

at 20 DAS , pod initiation and pod filling stages, respectively. 
bFu-Ming-Shu 岱 a commercial org位也 fertilizer. 

8 

In the fourth series of experiments, the effect of rhizobia inoculation was studied from spring 1988 
to 1989 at six locations. 甘le main plot consistβd of cultivars Tzurunoko 205 and Kaohsiung No. 1. The 
subplot received varying N rates with rhizobia卸的ulation (Tables 5--6).甘le reduction of fertilizer cost 
and the degree of profit were computed. 
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Results and Discussion 

Effects of fertilizer appIication rate on yield 

The optimum nitrogen application rate is 60 kg/ha for both spring and autumn plantings in terms of 
graded pod yield (Table 7). When the n世ogen application rate exceeded 60 kg/ha , graded pods of 
vegetable soybean decreased with the incr臼se of nitrogen application rate. 官le optimum phosphorus 
application rate was 80 kg/ha for both spring and autumn plantings for above-ground fresh weight and 
yield of graded pods (Table 7). However, the yield increase of autumn planting w部 insignificant. If 
vegetable soybean is cultivated on sandy loam and s i1ty loam with relatively high levels of phosphorus 
in the so泣， application of 40 kg/ha w i11 be sufficient to supply phosphorus needs during the growth 
period. A1so, experimenta1 resu1ts showed that for both spring and autumn plan自19S， 60 kg K/ha is 
appropriate (Table 7). 

Table 4. Experiments using five organic fertilizers conducted at AVRDC (autumn 1988-spring 1990 

chemical fertilizer (kg/ha) 

N P K 

60 60 80 

80 

80 

80 

80 

80 

。

60 

60 

60 

60 

60 

60 

60 

20 

。
55 

。
。

nunuhu zororo 

。

ζ
J
E
3
Z
J
Z
J
r
3
Z
J
 

。

ω
么
之

Z
Z
Z
Z

狗
"

。
O
O
O
O
E
O
B
O
E
O
E

60 

60 

。
。

55 

20 

20 

60 

120 

20 

、
'
，
、
叫
ζ
J

、
，

到
位

M

引
以

60 

60 

20 

20 

20 

60 

120 

60 

60 

60 

60 

42 

42 

n
U

行
J
h
n
U

K
U
A

斗

ζ
J

42 

60 

60 

60 

60 

60 

30005O 

A

斗
弓
，

-
-
A
U弓
，
身

切
均

m
m
o
ω

4
a
i
d
-
'

ι

-
4
 

Organic fertilizer (的13)

Type Amount 

Sugarcane compost 30 

Cattle dropping 3 

Castor-oil granule 0.5 

Taiwan fertiliz位 #1 3 

Taiwan Sugar fert. 的

Control 

Sugarcane ∞mpost 

Cattle dropping 

Castor-oil granule 

Taiwan fert立泣er#1

Taiwan Sugar fert. 的

Control 

Sugarcane ∞mpost 

Sugarcane ∞mpost 

Sugarcane ∞mpost 

Taiwan fertiliz訂 #1

Taiwan fert泣泣er#1

Con宜。1

Sugarcane ∞mpost 

Sugarcane ∞mpost 

Sugarcane ∞mpost 

Con缸。l

Chemical fe而且zer

Chemical fertilizer 

20 

。
40 

80 

Treatrnent 

No. 

l 

2 

3 

4 

2 

3 

4 

1 

2 

5 

6 

6 

345 

6 

1 

2 

1 

5 

Planting 

Autumn 1988 

and 

Summer 1989 

Spring 1990 

Autumn 1989 

Spring 1989 

80 

120 

。
3 

4 

20 
。
。

5 

6 
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Table S. Treatments of N fertilizer with rhizobia inoculation (experiment 4-a, spring 1988). 

Subplot: chemical fertilization and rhizobia in∞ulation 

2 

3 

Chemical fertilizer 

N P K 
Commonly used by farmers' 

o 63 60 

21 63 60 

Rhizobia inoculation 

Without 

With 

With 

77 

'Experiments wereconducted at two Chao-Cho locations: N-P-K applied by the two farmers were 187-74-102, 
and 282-272-2個 kg/ha， respectively. 

Table 6. Treatments ofN fl叮t山zer with rhizobia inoculation (experiment 4-b, autumn 1988 and spring 1989). 

Suòplot: chemical fertilization and rhizobia inoculation 

chemical fertilizer 

N P K Rhizobia inoculation 

1 Commonly used by farmers' Without 

2 60 60 60 Without 

3 。 60 60 Without 

4 。 60 60 With 

5 20b 60 60 With 

6 20' 60 60 With 

'Experiments were conducted at six locations in both seasons; N, P and K applied by the six f:位mers ranged from 
144 to 200, 145 to 180 and 72 to 226 kg/ha in autumn 1988, and from 75 to 124, 42 to 321 , and 96 to 208 kg/ 
ha in spring 1989, respectively. 

bN applied asωp dressing. 
CN applied as basal. 

Table 7. The effect of N, P and K applications on the yield of vegetableωyb個n (experiment 1). 

Graded pod yield (的la)

Autumn 1985 Spring 1986 

Chutien Likang Average fudex Chutien Likang Av位age fudex 

Nitrogen (kg/ha) 

30 3.2 4.8 4.0 100 4.8 5.6 5.2 100 

60 3.6 5.5 4.6 115 5.7 5.9 5.8 112 

90 3.3 5.3 4 .3 108 5.3 5.6 5.4 105 

120 3.4 5.1 4 .3 107 4.9 5.0 5.0 96 

Phosphorus (kg/ha) 

40 3.3 5.6 4 .4 100 5.4 5.3 5.4 100 

80 3.6 5.5 4.6 103 5.7 5.9 5.8 108 

120 3.4 5.6 4 .5 101 4.5 5.4 5.0 93 

Potassium (kg/ha) 

30 3.5 5.3 4 .4 100 5.2 5.3 5.2 100 

60 3.6 5.5 4.6 104 5.7 5.9 5.8 111 

90 3.5 5.4 4.5 102 5.0 5.7 5.4 102 

L.S.D. not significant at 5% level. 
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Sínce vegetable soybean ís treated as ímmature soybean pods , there are díffering opínions on whether 
high vegetable soybean yíeld requires appropriate nitrogen fertilizer. Some researchers support thís 
notion (A VRDC 1985; Kao 1984; La血well and E vans 1951), and others feel that applícation of ni佐ogen
ferti1ízer does not necessaríly íncrease soybean yíeld (Bezdícek et al. 1974; Hínson 1975; Johnson et 
al. 1975; Lyons and Earoey 1952; Welch et al. 1973). 百lere are also cases ín which soybean yield 
increased through.nítrogen application (A VRDC 1976; Brevedan et al. 1977; Cheng 1984; Cheng and 
Huang 1989; Kao 1984; Ohlrogge 1966). Cheng (1984) reported that40kgN/ha was needed for graín 
soyb臼n cultivar Kaohsiung 8. Al出ough 也ení佐ogen application rate of these experiments w部 higher
than the 40 kg/ha by one-thírd, the growth period for vegetable soybean was only about 65-80 days, and 
the growth in the ínítial stage was slow , thus probably requíring more nítrogen fertilizer. 

Phosphorus tends to be affected by all sorts of physicochemica1 properties ín the soil. In red soíl 
contaíníng hígh a1umínum and íron, phosphorus is easily precípítated as insoluble ferric phospha的 and
alumínum phosphate, res叫ting ín a decrease of phosphorus availability. Therefore the application rate 
of phosphorus h卸的 be increased (引Tang and Wu 1990). Cheng and Chen (1985) poínted out 血at120
kg P /ha applied in general soíls and highly acíd soils produced the highest yíeld. In both 0叮 springand

autumn plantings, the phosphorus content ín one fíeld w品 almost double 血at ín the other (Table 3), 
hence the phosphorus applícation requíred was also dífferent. In soíl with high avaílable phosphorus, 
the P applicatíon rate should be only half 出e 組nount used for soillow in phosphorus. 

Potassium is a highly soluble fertilízer, and relatively 聞sy to release in 血e soil. In Wang's (1975) 
soybean 出al ín Píngtung slate alluvial soil, potassium applícation rates were 30-60 kglha ín soíls that 
had available potassíum of 15-35 ppm , and 60-90 kg/ha ín soíls wíth available potassium below 15 ppm 
但gner method; Wang 1975). 官lerefore， the recommenda位on of 60 kg K/ha generally agreed wí血
Wang's practice. 

Effects of fertilizer application time on yield 

百le applícation of 50% ni住ogen fertílízer as basal, 30% at 15 days after sowíng (DAS) and 20% at 
pod inítiation stage (PIS) produced better graded pod yield than other tr臼tments 凶 both spring and 
autumn plantíngs (Table 8).τ'he yíeld íncreases were about 11 and 6% , respectíve旬， ín treatments wíth 
nítrogen when the full amount w部 applíed as basal and in 虹'eatments with half as basal, and the other 
halfapplíedat 15DAS. BasedonA VRDC'sresearchonni佐ogen applica位on rates for soybean to secure 
suffícient pod and seed num bers, nitrogen should be applíed at 4-6 weeks after germínation (A VRDC 
1985). Because both 仰d and seed numbers are impor伽t yíeld components (Shanmugasundaram et 
al. 1990), and to obtaín maxímum yield of vegetable soybean, one-half of the nítrogen should be applíed 
as basal and the remaíníng half at the R

1 
stage (Hung 1991) at the latest. 

Applyíng 70% of phosphorus 部 basal and 30% at 15 DAS íncreased graded pod yíeld by around 3% 
for both spring and autumn plantíngs (Table 8). Cheng and Chen (1985) recommended that applícatíon 
of phosphorus ín slíghtly a1kalíne soil and in general soíls all as basal is better than splítting it ínto two 
applícatíons. But ín s釘ong acíd soils, application of phosphorus at two dífferent tímes (60% as basal, 
and 40% as top dressíng) ís superior (Cheng and Chen 1985). Results obtaíned ín our出als were similar. 

When applícation tíme of potassíum was 50% as basal and 50% as top dressíng at 15 DAS ín both 
spríng and autumn plantíngs, yield increase was around 2-5% (Table 8). The íncrease was even larger 
wí出 2-3 applícations of potassíum. These results generally agreed with Cheng and Huang' s (1989) data 
showíng that the applicatiorr time of potassium for soybean Kaohsíung No. 10 was 100% as b船到or50%
as basal and 50% asωp dressing. 

Effect of different organic fertilizers on yield and graded pod ratio 

甘le graded pod yíeld, summarízed from experimental results conducted ín four plantings at four 
locations over 2 years, was híghest ín 缸開trnents with half chemical ferti1位er (N-P-K = 30-40-30 kg/ 
ha) and2的a of chícken man叮'e. Compared wíth the check plot (N-P-K = 60-80-60 kg/ha), the yield 
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increased25 .4%inautumn 1987, 16.7% in spring 1988, 18% inautumn 1988個d 13.7% in spring 1989. 
百le second highest yield was in 訂閱tments with half chemical fe吋lizer (N-P-K = 30-40-30 kg/ha) and 
3 的la of fermented pig dung compost, which respectively increased the yield 20.3 % in autumn 1987, 
18.6% in spring 1988, 14.1 % in autumn 1988, and 13 .4% in spring 1989 compared with the check. 

Table 8. E叮叮t of nilIogen application 也ne on the yield of vegetable soybean (experiment 1). 

N% applied at the Gradedp吋 yield (t,lha)" 

tirne' of Autumn 1985 Spring 1986 

Basal 15 FL PIS 
DAS Chutien Lik:ang Av叮age Index Chutien Lik:ang Av位age Index 

100 。 。 。 4.8 5.1 4.9 100 4.8 5.7 5.3 100 

50 50 。 。 5.0 5.4 5.2 106 5.1 6.0 5.6 106 

70 30 。 。 5.0 5.6 5.3 107 5.4 5.9 5.7 108 

50 30 20 。 5.1 5.6 5.3 108 5.6 6.0 5.8 110 

50 30 。 20 5.2 5.8 5.5 112 5.5 6.4 5.9 113 

P% applied at 
the tirne' of 

Basal 15 
DAS 

100 。 5.0 5.6 5.3 100 5.4 5.9 5.7 100 

70 30 5.3 5.6 5.4 103 5.5 6.1 5.8 103 

K% applied at 
the tirne' of 

Basal 15 FL 
DAS 

100 。 。 5.0 5.6 5.3 1∞ 5.4 5.9 5.7 100 

50 50 。 5.1 5.9 5.5 105 5.4 6.2 5.8 102 

50 30 20 4.9 5.5 5.2 98 4.7 5.2 4.9 87 

'15 DAS: 15 days after sowing; FL: flowering stage; PIS: pod initiation stage. 
"L.S.D. not significant at 5% level. 

Lin and Liau (1990) reported that application of pig dung compost had better effì郎ts on plant height, 
pod yield, graded pod weight and thousand-seed weight than the check without compost. Hou et al. 
(1991) also showed that an increase in yield with the application of organic fertilizers such 部 pigdung
and cow dung was mainly due to 也e enlargement of yield components such as pod number, pod weight 
and seed weight. Our results generally agreed with those ofLin and Liau (1990) and Hou et al. (1991). 

甘le graded pod ratio results were similar, with half chemical fertilizer and 2 的la chicken manure or 
3 的a fermented pig dung bo也 performing best. Tota1 pod ratio (pod weight/tota1 above-ground fresh 
weight (stem + leaf + pod)) w部 most closely relatedωpod yield. Therefore, comparing effects of 
organic fertilization in terms of tota1 pod ratio, graded pod ratio and graded仰d yield, applying half 
chemical fertilizer (N手K = 30-40-30 kg/ha) with chicken manure at 2 叭1a and.fermented pig dung 
at3 的la are all bettβr than applying fertilizer on旬， or applying more chicken manure, pig dung, garbage 
compost, and other commercial organic fertilizer products. 

Effects of different organic fertilizers on quality 

Quality sens。可 evaluations of the 1988 and 1989 出“s were carried out.甘le evaluations showed 
that the fullness of pod shape w部 1∞% satisfied in tr，開tments with half fertilizer plus 3 t/ha of 
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fermented pig dung compost. The greenness of pod w品 rated best at 1∞% in 1988 and 90% 加 1989，
respectively, in plots wi出 half fertilizer plus 2 的la of chic'ken man叮'e. Hardness and softness of seeds 
were rated best with h叫ffertilizer plus 3 的laof fermented pig dung compost. Both訂'eatments produced 
nearly the same g∞d flavor. Sweetness, either judged by tasting or measured by instrument, was best 
Wl也 half fertilizer plus 2 的la of chicken manure. Lin and Liao (1990) reported 血at application of pig 
dung compost can increase the sweetness ofvegetable soybean seeds by 2-3 degrees ofBrix. Obviously 
applying chicken manure and fermented pig dung compost contributes ωthe flavor and sweetness of 
vegetable soybean seeds. 

Relations of soil properties with quality 

Effects of five kinds of organic fertilizer application on vegetable soybean were not pronounced 
when cultivated at A VRDC. However, yield of five plantings reached 8-10 t/ha which was almosttwice 
as much as that obtained in southem Taiwan. Graded ratio of pod yield was as high as 70-85 % in all 
treatments. This suggests that soil fertility in the experimental field was sufficiently high, hence 
fertilization w品 not a limiting factor for promo血g vegetable soybean yield. 

Although organic fertilizers did not show their effects on soybean yield, they did improve the nutrient 
concentration in soils collected before sowing and at harvest. The increments of soil nutrient revealed 
the composition of organic fe吋liz低

After harvest , vegetable soybean s自由 were analyzed for some quality-related compositio悶， such
as podcolorrating, dry matter, protein, sugar, and starch content. Selected qualitypropertiesofthe 1989 
spring and autumn plant個gs are presented in Table 9. Most of the quality properties were not 
significantly affected by organic fertilizer application. 

Table 9. Effect of organic fertilizer application on se1ected quality properties ofvegetab1e soybean (spring and 
autumn 1989). 

Treatment Pod 面y Protein Fat Sugar Starch Crude 
co1or 口latter fiber 

Organic fertilizer (的la) ratmg (%) (%) (%) (9的 (%) (%) 

Spring 1989 
Sugarcane compost, 30 4.95 34.6 40.4 19.7 10.3 9.6 4.6 

Cattle dropping, 3 5.03 30.7 41.1 19.7 10.2 10.0 4.3 

Castor-oil granule, 0.5 4.94 34.7 40.9 20.0 9.9 10.0 4.4 

Taiwan fertilizer 剖， 3 4.74 34.7 40.9 19.9 9.9 10.0 4.6 

Taiwan Sugar fert. 酌， 3 4.97 34.3 40.4 19.8 10.0 9.9 4.5 

Con缸01 4.85 34.8 41.1 19.9 9.9 9.9 4.5 

Autumn 1989 
Sugarcane ∞mpost， 40 4.36 32.0 40.2 17.0 13.7 9.5 4.2 

Sugaτcane ∞mpost， 80 4.43 31.9 40.1 17.1 13.5 9.7 4.2 

Sugarcane ∞mpost， 120 4.52 32.0 40.3 16.9 13.6 9.3 4.3 

Taiwan fertil泣位 #1 ， 15 4.48 32.0 39.5 17.4 13 .3 9.6 4.3 

Taiwan fert且泣er#1 ， 30 4.38 31.4 38.7 16.9 13.7 10.0 4.4 

Contro1 4.43 32.3 40.3 17.1 13.6 9.3 4.3 

Lin臼r regression was applied to the data of the fi ve trials and correlation coefficients between qua1ity 
composi位on and soil prope插es were determined. Negative correlations existβd between soil properties 
and pod colorrating, contents of也'Y matter, protein and f:前， and hardness. On the contrary, most positive 
coefficients were obtained between sugar and fiber contents and soil nu虹ients. Since the relations 
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between the sensory taste of vegetable soybean and the d巴防ctable chemical compositions have not been 
well established, it is difficult to determine the effect of soil nutrient concentration on quality of 
vegetable soybean. In general, the lower the color rating value, oil and starch fiber contents and 
hardn巴ss ， and the higher the value of protein and sugar contents, the better the quality. It s臼ms that 
improving soil nutrient conc巴ntration through organic fertilization may favor all the quality components 
except the protein and fiber content. How to determine the balance point that favors all eating qualities 
may need further study. 

Effects of rhizobia and N on nodule number 

Effective nodule number and nodule ratio of vegetable soybean tended to increase with rhizobia 
inoculation, but they also decreased with the increase of nitrogen application. Surveys of nine locations 
in 1988 autumn plantings at 30 D AS indicated that the effective nodule ratio with rhizobia inoculation 
and 20 kg N/ha as top-dressing was highest, i.e. 55.3 %, which was 14.6% higher than farmers' common 
practice 紅閉， and 12.6% higher than the check plot (N-P-K = 60-60-60 kg/ha). However, eff，巴ctive
nodule number at 45 DAS became highest in 仕闊的lents with rhizobia inoculation plus P and K 
application only (N-P-K = 0-60-60 kg/ha) . Obviously, effective nodule number gradually decr臼sed
after additional N top dressing. 

Kao andLin (1984) pointèd out thatapplying 20-50 kg/haofnitrogenresulted扭曲rkgr臼n leaf color, 
scarcity of nodule numb仗， and low effective nodule ratio. Wang (1988) reported that rhizobia 
inoculation without nitrogen application had 30 times higher nodule number than that without 
inoculation. However, with 40 kg/ha of ni佐ogen application and rhizobia inoculation nodule number 
increased by 14 times only, which is significantly much less than inoculation without N application. 
Hung (1991) also showed that nodules in 住eatmentswith rhizobia inoculation and withoutN application 
were higher in number and heavier, but with nitrogen application, nodules were lower in number and 
lighter, and the number d也reased with increments of N application. 

Investigations on graded pod yield, fertilizer cost and profit increase by 
rhizobia inoculation 

Generally, farmers who grow vegetable soybean were con世olled by the merchants; therefore, the 
amount of fertilizer applied w部 also decided by merchants. According to a s叮vey of farrners' fertilizer 
application amount in vegetable soybean production areas in Taiwan, the fertilizer application rate was 
obviously much higher than the recommended rate (N -P司K=60-60-60kg/ha) ， e.g. ， 1.8-3.7, 1.8-3.0and 
1.4-2.7 times higher in N, P and K, respectively. Apparently, farmers' investment in fertiliz巴，r for the 
cultivation of vegetable soybean was astonishingly high. Such high rates of fertilizer application 
accelerate the acidification of fields , and excess chemical fertilizers that cannot be completely absorbed 
by crops will pollute groundwater. 甘lerefore， it is urgent to guide farmers ωuse rhizobia inoculation 
instead of chemical fertilizer for cultivation of vegetable soybean. 

According to the results of three trials in the spring of 1988, rhizobia inoculation with 21 kg/ha of 
nitrogen as basal incr臼sed graded pod yield on average by 14.3% more than the two farmers' common 
fertilizer application without inoculation; the fertilizer cost reduced by NT$7006 (NT$27.2 = US$I); 
in total the profit increased by NT$13 ,850/ha. In the 1988 autumn planting, average graded戶dyield
at seven locations with rhizobia inoculation and 20 kg/ha of nitrogen as basal incre倡“ 18.2%morethan
farmers' common fertilizer application method, and the fertilizer cost reØuced by NT$5880; in total the 
profit increased by Nτ草13 ，861/ha. However, treatrnent by rhizobia inóculation only without nitrogen 
also increased profit by NT$13,181/ha 

In the spring 1989 plan血泡， treatment with rhizobia inoculation plus 20 kg/ha of ni住ogenωpdressed
at 20 DAS performed best, increasing graded pod yi巴ld by 22.7% more than farmers' common practice; 
the fertilizer cost reduced by NT$3863 , and the profit increased by NT$14，429，月la. It was obvious 出at
rh泣obia inoculation produced significantly higher yield and more benefit than farmers' common 



82 Hungeta l. 

application me血od. Many reports confirmed that rhizobia inoculation can bettβr ensure an incr臼seof
soybean yield (A VRDC 1976; Kao 1984; Wu 1958, 1959, 1964; Young et al. 1988). 

Because there was no repli間組on in observation fields , variance analysis could not be done for the 
same field. Analyzing the coefficient of variations (CV) from yield data of seven locations in 1988 
autumn plantings and six locations in 1989 spring plantings showed that the CV is 10.2個d 11.1 for both 
plan世ngs， respectively. Further analysis of variance for pod yield showed significant differences 
between rhizobia inoculation and no rhizobia inoculation. 

Conclusions 

(1) For optimum chemical fertilizer rates, 60-80-60 kglha of N -P-K is applicable for both spring and 
autumnplan血19 . In soils with high phosphorus fertili旬， 40 kg P/ha will be sufficient 

(2) The suitable application time is as follows: for spring planting, 50% of N should be applied 部
basal, 30% at 15 DAS and 20% atPIS; 70% ofP as basal and 30% at 15 DAS; 50% ofK as basal and 
50%泌的 DAS. Forautumnplan位ng，也esameme自od is applicable, or N can be split into 50% 也ba組l
and 50% at 15 DAS; P is applied as basal only. 

(3) Applying 2νha of chicken manure or 3 的1a of fermented pig dung wi由 30-40-30 kglha ofN-P­
Kincreased 出e graded pod yield by 13-25 % and 13-20%, respectively. They also improved血equality
of vegetable soybean in terms of increasing the fullness of pod, pod color, taste and sw臼m臼s.

(4) Inoculating rhizobia increased weight of nodules and the effective numbers of nodules. Rhizobia 
inoculation and 20 kg N/ha applied as basal increased the graded pod yield by 14-22%. It also saved 
around US$150月la on fertilizer cost.甘晦的ta1 profit incr臼se of rhizobia inoculation w也 around
US$480/ha. 

Considering fertilizer application ra悅， cost, consumption of natur這1 resources, possible pollution of 
groundwater, etc., the best fertilization and managemeI1t method for vegetable soyb甜n cultivation 
would be rhizobia 油田ulation， which enables vegetable soybean to absorb and utilize the nitrogen in 
the 扭曲rough nitrogen fixation. Furthermore, application of 2 的la of chicken manure or 3 仙aofpig
dung compost with 30-40-30 kglha ofN-P-K as basal seems to be appropriate. 

(5) In soil with high fertility , the soil chemical properties were positively correlated with sugar and 
fiber content, but negatively wi由 protein，企y matter content, hardness and pod color rating. 前lese
correlations deserve further study. 
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Abstract 
Vegetab1e soybean is a v位yimpo泣如t crop in Taiw血， especial1y in terms of export value. Research to ∞ntr01 

dise俗的， insects, and weeds has been limited, considering the value of the crop. Studies have identified the 
important diseases of vegetab1e soybe位15: downy mi1dew , ru鈍， and Rhizoctonia damping-off. There 紅e no 
resl5個nt cu1tivars to these diseases. Fungicides such as mancozeb, maneb, or zineb 訂e used to contr01 downy 
mi1dew and rus t. Other fungicides such as oxycarbox凶， triforine，但d 甘iclopyr are registered for the con甘010f
soybean rust. Pod diseases occasionally can be important and de虹imental bothωyie1d and quality. Be位也ies and 
1epidopterous and c01eopterous def01iators, stink bugs, and lima bean podborer are important insect pests of 
soybean. Sources of resistancefto1eranceωal1 four categories 紅e availab1e in grain soybe徊， but at present al1 
vegetab1e soybean cultiv訂s grown are susceptib1e. At present f:紅m位sinT位wan use only chemica1 insecticides 
to combat insect pests of soybean. The potential exists for integration of various contr01 measures to deve10p an 
integrated pest manag臼nent program which will con甘01 these pests on a sustainab1e basis without resortingωthe 
use of toxic insecticides. Many kinds of narrow and broad-1eaf weeds 缸e reported in vegetab1e soybean fie1ds. 
Several pre- or postem位gence herbicides can be us吋 to contr01 weeds. 

Introduction 

Cultivation ofvegetab1e soybean in Taiwan increased considerab1y in the 1ate 1980s, and is now the 
most important crop in terms of export va1ue (Anonymous 1990). Studies on the importance of diseases, 
insects, and weeds to grain soybean have been well documented, but research on vegetab1e soybean has 
been limitβd， and not at all proportional to the crop's importance. Based on observations and 
communications with scientists and growers, thekey pests of vegetab1e soybean are essential1y the same 
as those found on grain soybeans. P臼ticides registered for grain soybeans (Fei et al. 1990) are also used 
by farmers to contro1 pests of vegetab1e soybean.τbis paper describes the important diseases, insects, 
and weeds of vegetab1e soybeans and the methods used to con住01 these pests by the growers in Taiwan. 

Diseases 

Downy Mildew 

Downy mi1dew (Peronospora manshurica) is 出e most important disease of vegetab1e soybean in 
Taiwan (Yeh 1984). The pa血ogen is s臼d-bome， but most visib1e symptoms occur on young 1個V臼品
pale gr臼n to light yellow spots 伽t en1arge into pa1e 10 bright yellow 1esions of indefinite size and 
shape. Lesions 1ater tum grayish-brown 10 dark-brown with a yellowish-green margin that may final1y 
become entire1y brown. On the 10wer surface of 1eaves, partic叫ar1y in moist weather, 1esions are 
covered with tufts of grayish to pale-co1ored sporangiophores 出at easily distinguish downy mildew 
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from other foliar diseases (Sincla甘甜d Backman 1989). Pod and seed infection may occ叮 without
extemal symptoms. Heavily infected seeds crack and whei1 germinated, systemically infect seedlings 
under favorable conditions. Downy mildew is favored by high humidity and temperatures of20-220 C 
(Sinclair and Backman 1989). The weather conditions in the spring and fall plantings in Taiwan favor 
the development of this disease. Primary inoc叫um comes from the overs臼soning of ∞spores in 
diseased leaves and/or on infected seed. Dissemination of the pathogen in the field is mainly due 的 the
sporangiospores carried by air c叮rents. Heavily infected plants have reduced phoωsyn曲的ic activity; 
and the yield and q固lity of vegetable soybeans may be affected depending on the severity and the time 
of infection. Wi自由e exception of KS No. 1, all vegetable soybean varieties grown in Taiwan 訂e
susceptible. There are sp包ific genes forresistance in grain soybeans although they are not very effective 
in con缸。lling the di路部eb位ause 出ere are numerous races of the pathogen. 

Rust 

Soybean rust (Phakopsorapachyrhizi) is an endemic foliardiseaseofsoybeans in Taiwan (Yeh 1981 , 
1984). The most common syrnpωm is tan to dark-brown or reddish-brown lesions with one to many 
erumpent, globose, ostiolate uredia. Lesions initially 紅e small, water-soaked, and t叮ning from gray 的
tan or brown as they increase in si自. Lesions app個ronpetiol郎， p吋8， and stems but are most abundant 
onl臼ves ， p訂ticul訂ly on the abaxial surface. The num ber of uredia per lesion increases with lesion age. 
Uredospores are exud叫出rough the cen甘al pore in the uredium (Yeh 1981; Sinclair and Backman 
1989). 

Although soYbean rust is an endemic disease in Taiwan, it is much more evident on plants after the 
initial flowering stage. The eff，巴ct of rust on the yield of vegetable soybean may be much less than that 
on grain soybean since vegetable soybean is harvested before plant maturity. However, the quality of 
seeds (especially 出巴 size) may be affected due to 出ed巴cr臼se in photosynthetic activity. 

P討m位y inoculum comes from sOYbean plants and/or other leguminous hosts that are inf，臼ted.
Uredospores are wind-blown and produced abundantly on infected tissue. Physiologic races of P. 
pach)叫izi have been identified on grain soybean (Yeh 1983), but there have been no similar studies on 
vegetable soybean and there are no known cultivars 出at have resistance. 

Rhizoctonia 

Rhizoctonia causes pre. and postemergen臼 damping-off， and occasionally the fungus causes aerial 
blightin localized訂閱8 in the field. This disease is much less of a threat to vegetable sOYbean production 
than rust or downy mildew. 

Pr臼mergen臼 damping-off 民C叮s immediately after the plumule emerges from the seeds. The 
中rou臼d seed is decayed and killed by the fungus. Postemergence damping-off occurs a few days after 
emergence. Lesions appear at the b品eofthe鈴吋ling stem and on r∞ts j ust below the soilline. Lesions 
en1arge and are often sun1cen causing girdling of the stem (Sinclair and Backman 1989). 

Aerial blight app甜的 on leaves , stems, and pods beginning on the lower or middle parts of the plant 
and progresses upw紅d as the dis個se develops. Infected leaves are water-soaked at frr泣， and t叮n
greenish- to reddish-brown before becoming tan , brown , or black. Lesions may be small or may blight 
the entire leaf. 

Rhizoctonia solani is the causal organism of damping-off and aerial blight on soybeans. Damping­
off occurs 臼rly in the spring planting when the weather is cool and wet, and occ叮s more frequently 
when soil is P∞rly drained. Good soil drainage is recommended for the control of damping-off. Severe 
認edling infection ca凶的 a reduction in stands and thus lowers yields. For control, treatment of seeds 
WI山 a fungicide is n斜的詞句 before planting 品 is 缸臼tment of seeds planted to replace the dead 
鈴edlings.
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Aerial blight is observed later in the spring during pod development when weather conditions are 
W紅m and humid. Dead patches of plants often occ盯 scat臼red in spots throughout the field. No sp也1到
action has been taken to con缸。1 this disease. 

Vegetable soybeans are prone to infection by pod- and 認ed-infec血19 fungi especially during high 
humidity and rainfall.甘1emostcommon pathogens found on戶也arePhomopsis spp. and Co /letotric hum 
spp. Production of vegetable soybean s師也個n be severely limited if the pods are maturing during the 
rainy season and 紅e not protected wi出 fungicides. In some regions, seed production of vegetable 
soybeans could be a limiting factor. 

ControI 

Vegetable soybean cultivars grown in Taiwan are not resistant to the major di認as臼. Farmers often 
spray fungici的 to control diseases just prior to harvest to reduce the occurrence of pod infection fungi. 
Lowωxicity fungicides such 品 mancozeb ， maneb, and zineb are used 的 control downy mildew and 
rust Other fungicides such as oxycarboxin, triforine, and triclopyr are also registered for control of rust 
σei et al. 1990). Use of clean and/or fungicide-tr，個ted 鈴eds may also reduce the spread of downy 
mildew in the field (Sinclair and Backman 1989). 

Insect Pests 

Soybean in Taiwan is attacked by a large number of insect pes的 from shortly after germination 
through harvest. Chronologically, these pests 訂巴: stem feeders , leaf feeders and pod feeders. Each 
categ。可 consists of several insects, some of which are endemic; others cause minor damage. 

Stem feeders 

Amongfo叮agromyzidfli郎， commonly called ‘beanflies, , Melanagromyzasojae (Zehntner) is most 
important in Taiwan.τnree other speci郎， M. dolichostigma de Meije時， Ophiomyia phaseoli (T可on)
and O. centrosematis (de Meijere) do occ叮 in Taiwan but th甜 damage ωsoybean is not significant. 
O. phaseoli. normally a 晦m feeder in other legumes and soyb個n in Indonesia, feeds in the petioles of 
older soybean plants in Taiwan. O. centrosematis f，自由 in cortex just undemeath the epidermis of young 
soybean plants andM. dolichostigma is occasionally found girdling tips of6-8-w臼k-old soybean plants 
(Talekar and Chen 1986). 

M.s可áe adults lay eggs in unifoliate and frrst trifoliate leaves on the underside in the mesophy 1 tissue. 
A single adult lays an average of 171 eggs 何'ang 1979). 甘1e larva hatch臼 in 2-3 days and bores into 
then個rest vein and continues feeding through the petiole into the stem. In the stem, the larva feeds in 
出epi血 boringdown ωther∞tun凶 it is fully grown. Before pupation in the pith，出e larva gnaws an 
exit hole in the epidermis ωassist in 曲e emergence of the adult As a result of insect feeding , plant 
grow血 is adversely affected and the damaged plant is weakened (Talekar 1989) which 臼n result in 叩
to 30% reduction in yield (A VRDC 1981). In Taiwan , this insect is serious in soyb個n planted in the 
autumn season only. 

Leaf feeders 

Severallepidopterous and col∞pterousins包tsdamage soybean in Th.iwan. The important defoliators 
are: Spodoptera exigω (Heubner) ， S. litura σ.)，他砂lepta indicata σ.) ， Porthesia taiwana Shira姐，
Anomala cupripes Hope andA. expansa Bat臼. Adults of S. 位ig闕• S.litura. H. indicata and P. taiwana 
lay eggs on the leaves and larvae devour the foliage. S. exigua. S. litura and P. taiwana infest soybean 
in spring and summer; H. indicata occurs mainly in autumn. Adults of both Anomala 中eci臼 layeggs
in soil and larvae feed on the debris or r∞ts of such economically important crops as sugarcane. Ad叫t
b臼tles feed on soybean foliage from May through October. Defoliators reduce yield indirectly by 
weakening the plant due to the loss of foliage. The extent of yield loss depends on the level of defoliation 
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and the growth stage of the soyb臼nplant when the defoliation tak:es place. In Taiwan mid-reproductive 
stages, R3 to Rs' are especially sensitive to defoliation. A 50% defolia泣。n at any of the three stages 
reduces soybean yield significantly (Talekar and L臼 1988).

Pod feeders 

Hemipteran stink bugs and lepidopterous pod borers are key pod feeders in Taiwan and throughout 
Southeast Asia. 

Stink bugs. Major stink bugs infesting soybean in Taiwan are Nezara viridula (L.), Riptortus 
clavatus (Thunberg) andPiezodorus hybneri (Gmelin). Among the three,R. clavatus is more important 
followed by N. viridula. P. hybneri occ叮s only occasionally. Stink bugs pierce the pod pericarp and 
suck the juice from the developing seeds. As aresult, both 也e yield and quality of soybean are reduced. 
In certain cases, these insects transmit micr∞rganisms that reduce further the quality and viability of 
th閃閃ds.

R. clavatus is a polyphagous insect that feeds on seeds from about 30 crop species (Kobayashi 1976). 
Adult females lay eggs singly on foliage, stems and pods of soybean plants. A female lays 55-90 eggs 
in her lifetime. The eggs hatch in about 6 days; the nymphal period 1品ts 16-23 days during which the 
insectp品ses through five instars. All nymphal instars and adults feed on developing soybean seeds. In 
Taiwan this insect damages soybean mainly in summer. 

Podborer. Lima bean podborer, Etiella únckenella (Treitschke) is the only podborer species that 
attacks soybean and several other legumes in Taiwan. The white oval eggs are laid singly or in batches 
of 2-12 on young pods , calyx or leaf stalks. A single female lays 60-2∞ eggs (Kobayashi 1976). 
Incubation lasts 3-16 days, depending upon temperat叮e. Soon after hatching the frrst instar larvae bore 
through the pod pericarp and begin feeding on developing seeds. A number of larvae can enter the pod 
but only one or two survive. Usually one seed provides enough food for a single larva for 20 days' of 
feeding, by which time the cate中illar leaves the pod and pupates in soil. Pod damage by 血is sp也i臼
is recognizable even when the larva is absent. Large pods are marked with a brown spot where the larva 
h品 entered. As the larva within the pod develops , it causes the buildup of feces. This results in soft rotten 
patches on the pod. Seeds are partially or entirely 臼ten ， and considerable frass and silk are present. A 
large hole is evident where the larva has escaped to pupate in the soil. The pest is present in Taiwan 
practically year-round but its damage is more serious in the dry s臼son during which upω30%ofpods 
can be damaged. This insect could be a potentially ve可 important pest of vegetable soybean. 

Mites，也rips and aphids are sporadic pests of soybean during the cool dry season. Infestation of mites 
and thrips in Taiwan is induced mainly by excessive use of chemical insecticides which 區llpr吋a的rs
and parasites of these pests. These pests rarely cause economic damage to soybean in Taiwan. 

Control of insect pests 

At present, application of insecticides is the only con甘olm臼sure used by the farmers in Taiwan ω 
com bat insect pes的 of soybean. Ins巳cticide use is widespread and some insects like beanflies and 
lepidopterous defoliators show signs of insecticide resistance. At the same time the potential exists for 
the use of other methods such as host-plant resistance, sex pheromones, biological control and cultural 
control measures. Integration ofthese methods with judicious use of selective insecticides will go a long 
way toward sustainable control of soybean insect pests in Taiwan. 

Beanflies are important only for up to 4 weeks after soybean germination. Any insecticide used to 
combat these pests should be confined ω 出is pe討od only. Weekly application of chemicals like 
monocrotophos, dimethoate, omethoate, cyromazine and fungicide pyrazophos gives satisfactory 
control. The first four chemicals are highly toxic ωparasites， a large number of which exist in Taiwan 
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(Talekar 1990). Cyromazine and pyr位ophos are relatively safer to par部ites. Selective use of these 
chemicals will ass叮'e surviva1 of parasites and their role in agromyzid control, which in t凶n will reduce 
the need for additional insecticide use. Al though no vari巴ties with resistance toM. s句iae have been bred, 
the potential exists for the development oftolerant cultivars. Plant breeders need to breed for high yield, 
set yield targets and make selections for high yield by planting the progeny without any insecticide 
protection in autumn when M. sojae infests 100% of soyb閣n plants. 

Four soybean accessions, P1 171444, P1 171451 , P1 227687 and P1 229358 , show levels of resistance 
to a wide range of defoliators incIuding those that occur in Taiwan (Talekar et a1. 1988). None of the 
accessions is resistant to all insects. 1t is, therefore, necess紅y to use a11 accessions in breeding multiple 
pest-resistant soybean cultivars. Sex pheromones have already been developed for S. litura and S. 
exigua. 1n addition , large numbers of predators and parasites attack larvae of these two polyphagous 
pests when chemical insecticides are not us巴d. Useof selective insecticides such asBacillus thuringiensis 
(Berliner) specifically kill these and other caterpillar pests without harming their natura1 enemies. 
Beetle species such as A. cupripes and A. expansa can be con住olled easily by the use of a trap cultivar 
that produces excessive foliage (Talekar and Nurdin 1991). 1t is possible to integrate these control 
me品叮叮 to develop a sustainable IPM program for allleaf feeders. 

Severa1 factors including weather and natural enemies regulate population of stink bugs. Kiritani and 
Hokyo (1962) showed that more than 94% of N. viridula die before becoming adult. A large number 
of predators and par品能s contribute to the reduction in the population of stink bugs (Talekar 1987). 
1ndiscriminatβuse of chemical insecticides, however, limits the usefulness of these b巴neficia1 organisms. 
Onesoyb開n accession , P1 227687, shows resistance to all three stink bug species that infest soybean 
in Taiwan (A VRDC 1984). Breeding of stink bug resistantcultivars will reduce the need for insecticides 
and will a110w full participation of natural enemies in the control of stink bugs on a sustainable basis. 

Among a11 insect pests of soybean, lima bean podborer is the most difficult to control. Because of its 
concealed feeding habit in green pods , and the fact that the pods at this stage are concea1巴d under leaf 
canopy，出的 insect 臼nnot be controlled by the use of conventiona1 insecticides. No varieties with 
resistance ωthis pest exist. Soybean with sma11er seeds are a1ways less damaged than those with 1釘ger
seeds. However, this phenomenon presents distinct disadvantages, particularly for vegetable soybean 
where only large-seeded cultivars are prefe汀ed. Recently one soybean accession , P1 227687, has shown 
consistentresistance to lima bean podborer (A VRDC 1990a). Although 出is accession has small seeds, 
i心 resistance is due to antibiosis (A VRDC 1990b) rather than small seed size as such. This presents an 
opportunity ωbreed a podborer-resistant soyb個n cultivar. 

Recently the presence of sex pheromone in lima bean podborer has been demonstrated. 甘le
pheromone has four chemica1 components which are commercially available (To出 et al. 1989). 
However, the idea1 proportion of compon巴nts that can attract ma1e podborers seems to vary from place 
toplace. Studies are underway atA VRDCωfind a suitable mixture for Taiwan. 1t is possible to integrate 
the use of resistant cultivar and sex pheromone to con甘01 曲的 pest on a sustainable basis, without 
reso口ingωthe application of toxic chemical insecticides. 

Weeds 

WeedsreportedinthesoybeanfieldincIudebamyardgrass(Echinochloacyus-gallivar.formosensis), 
g∞segr但s (Eleusine indica) , gr臼n amaranth (Amaranthus viridis) , p叮slane (Portulaca olerace呵，
narrow-leaf altemanthera (Alternanthera nodiflora) , short-awn foxtail (Alopecurus aequalis var. 
amurensis) , cut leaf ground cherry (Physalis angulata) , Digitaria chinens缸， D. microbachne and 
Polygonum hydrop伊er (Anonymous 1968; Fei et al. 1990). 

More than 10 pre- or postemergence herbicides such as alachlor, linuron, etc., are registered for the 
control of different kinds of weeds in soybean fields (Fei et a1. 1990). 
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Needed Research 
Vegetable soybean is the most important crop commodity exported from Taiwan (Anonymous 

1990), but studies on plant protection of vegetable soybeans are not proportional to its impo口ance.
Information regarding the important diseases, insects, and weeds associated with vegetable soybean 
production is limited. S urveys of vegetable soybean pests 紅e needed to determine their importance and 
potential 出r臼t to production. Cultivation of resistant cultivars, if available，沾自e most economic and 
effective s個tegy in pest control. Screening of grain soybean germplasm for resistance to key pes心 has
been conducted with the identification of so叮ces of resistance/toleranc巴(Anonymous 1981 , 1982; 
Athow 1973). Screening ofvegetable soybean segregating populations and germpl也m for resistance 
to the key pests is important once the primary pests have been identified in s叮veys. Since pods of 
vegetable soyb臼n are harvested before maturity, pesticide use should be minimal and then only in the 
early growing stage. Pesticides with short residuallife are better for 出巴組fe production of vegetable 
soyb個n. Development of nonchemical con甘olmeasur的 such as natura1 enemies, e. g. parasitoids and 
pr吋aceous mites (Chiu and Chou 1986, Wang 1984), is ve可 important. Development of an integrated 
pest management system including the use of clean seed, seed 訂閱tment， and cultural practic臼 such as 
crop rotation and g∞d drainage may help reduce 出巴也currence of diseases and insects on vegetable 
soybeans. 
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Quality Requirement and Improvement of 
Vegetable Soybean 

Ryoichi Masuda 
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Tsukuba 305, Japan 

Abstract 
Vegetable soybean (“Edamame") is v位y popular in Japan because of its characteristic flavor, sweetness and 

body taste (umami inJapanese). Quality requirements ofvegetable soybean 訂e grouped into five major categories 
including appearan白， taste, flavor, texture and nu甘itional value.The pod color is irnportant, and bright-green is 
most desirable. Yellowing of the pods reflects freshness decline and degradation of ascorbic acid. Sensory 
evaluation of stored vegetable soybean showed出at the taste of the seeds is mainly determined by sucrose, glutamic 
acid and alar血e. Saponins, which give a bitter taste，訂e found in the seed and are rich in hypocotyl. Flavor and 
texture ofboiled vegetable soybean are a1s0 highly correlated to 血eir sensory s∞res. The boiled soybean contain 
a characteristic sweet flower-like and beany flavor. Vegetable soybean is as nu世itious as other soybean products, 
and a good source of tocopherols, dietary fibers and ascorbic acid. Trypsin inhibitors and antinutritional factors 
remain in boiledseeds. Qua1ity irnprovementofvegetable soybeancovers both pre- and postharvestconsiderations. 
Seed maturi旬， growth environment and cultural practices affect the qua1ity of soybean seeds at h紅vest. S tudies 
covering pre- and postharvest procedures made it possible to retain freshness, sucrose and free amino acid levels. 
Some studies have been done related to genetic con官olofsuαoseand企ee amino acid levels in legum俗， whichmay
lead to quality irnprovement of vegetable soybean in the future. Physiological approaches ωcontrol sucrose and 
企ee arnino acids are now being studied in soybean seeds. 

Introduction 
Vegetable soybean is rich in protein, vitamins A , C and E , and its characteristic flavor is widely 

appreciated in Japan. .Eating boiled vegetable soybean (“edamame") seed has a 400-y臼r hist。可 in
Japan. Vegetable soybean and beer is a favored combination in restaurants or at home in the summer. 
The vegetable soybean is boil巴d in salt water and served as hot pods; onl y the seeds are臼ten . Vegetable 
soybeanisprocessed 由“Zunda-mochi" ， made into a paste. Zunda-mochi is famous in Tohoku, Japan, 
but production is limited. Most immature vegetable soybean is consumed in J apan as “ edamame" 
(110，0∞ t in 1988). 

Quality Requirements and Evaluation 
Vegetable soybean is recognized as a "tidbit" rather than a basic food. Although 出ere 位e few 

available dataon consumerpreferences, vegetable soybean is widely accep臼dbecause of its characteristic 
volatile flavor, sweetness and body taste. In Japanese, body 凶te is called “umami" (To汀i 1987). 
Yamaguchi et a l. (1971) show叫出at umami consists of various flavor amino aci也 and nucleotides. 
Major quality requirements of vegetable soybean in terms of palatability are appe訂ance， tas仗， flavor 
and texture (properties of stfucture). 甘le pods should be bright-green and a good shape wi也 spotless
surface to fetch a good price at the wholesale and retail market. The primary requirement is good pod 
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appearance. The surface condition indicates the arnounts of chemical components in the seed (e.g. 
yellowing reflects freshness decline and degra臼tion of sugars, fr臼 amino acids and 品corbic acid­
Iwata and Shirahata 1979; Akimoto and Kuroda 1981). The usefulness ofpod color evaluation as an 
indicator of seed freshness during storage is shown in Fig. 1. 
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There are many tastβ-related substances in soybean seed, such as sugars , amino acids, organic acids , 
inorganic salts, flavonoids and saponins. Preliminary results show that younger panelists prefer higher 
sucrose types of vegetable soybean rather than common 仰自t ones (Konovsky 1990). Storage 
experiments of vegetable soybean pod at room temperature showed that sens。可 panelists could 
perceive quality differences in fr自hly harvested soybeans and those harv臼ted 10hourspreviously (Fig. 
2) (Masuda et al. 1988). 甘le high correlations between contents of chemical componentsσig. 3) and 
sensory scor臼 of boiled vegetable soybean are shown in Table 1. Major components related to taste 
are sucrose, glutamic acid and alanine. Further studies 紅erequiredωcl出fy the contribution of minor 
components to organoleptic quality. 

Table 1. Correlations between sensory panel scores (Fig. 2) and sucrose and glucose (Fig. 3), glut紅nicacidand
alanine ∞ntents (Fig. 3~C) in vegetable soybean seeds held at different periods at 26。已

Correlation coefficient (g)a 

Glucose Glutamic acid Alar血泊Suαose Variable 

0.50 

0.66 

0.65 

0.72 

0.79 

0.82 

0.57 

0.56 

0.76 

0.86 

Sweetness 

Taste 

Overall 0.59 0.88 

a n = 8 

Unacceptable features include bitter, astringent and meta11ic off-flavors of soybean seed, and so司
called 釘子mouth feeling (Table 2) (Okubo 1988). 
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24 hours (c) and 48 hours (d); 但): harvested 22 Aug. 1985. Held for40 min 
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vegetable soybean boiled in water were evaluated using a scoring method (組
ll-point hedonic scale) by 20 judges in (A) or 28 judges 扭扭).大.. .
Signincant di匠'erence at 5% or 1 % level of probab也可.

Table 2. Sensory properties ofundesirable components of soybean (Okubo 1988). 

Components Properties Sources 

Phenolic acids So區， bitt仗， astringent flavor defatted seed 

Oxidized phosphatidy lcholine bitter defatted seed 

Oxidized fatty acid bitter oxidized oil 

Hydrophobic peptide bitter fermented products 

Isoflavin objectionable taste, defatted seed 

bitter，的缸ingent，

Weak phenol-like taste 

Daidzin bitter, astgringent whole seed 

Genistin bitter, as訂扭1gent whole seed 

Saponin bitter whole seed 

A group saponin bitter, as位ingent hypocotyl 

B group saponin bitter, as虹ingent whole seed 

Soyasaportin 1 bitter, astr恆gent driedpea 

Saponins andisoflavins areresponsible for these off-flavors and their thresholds are organoleptically 
low (Fig. 4) (Okubo 1988). 百le higher content of total 臼ponins is observed in the seed hypocotyl 
fraction than in other seed fractions, ranging from 0.62 to 6.16% (Shiraiwa et al. 1991). The content 
of saponins in soybean seed varied with the mat叮ity of seed, and was more highly dependent on the 
variety than on the cu1tivation y臼r. No information on dry-mouth feeling effects in boiled vegetable 
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soyb臼n is available. Studies on bioactivities of saponins and isoflavins cover a wide range from 
antifungal to pharmaceutical fields. 

Oligosaccharides of soyb闊的 have been generally considered undesirable, because raffinose and 
stachyose are factors responsible for the flatulence and abdominal discomfort often experienced after 
ingestion of soybeans. Recently, however, these have been reported to support the growth of 
bifidobacteria, and to play an irnportant role in health (Nakayama 1987). Oligosaccharides extracted 
from soybeans are added ωbeverage products. 

Volatile flavor of the boiled vegetable soyb個n is highly correlated with quality (Fig. 2). Sugawara 
et al. (1988) investigated the change in flavor components of seeds during pod-filling stage. The GLC 
andGLC-MSanalysisofsubstancessteam-distilledandether個extracted indicatβdremarkable differences 
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between immature and mature soybean (Fig. 5). Characteristic, flower -like flavor components ofboiled 
vegetable soybean are cis-jasmone, (Z)-3-hexenyl-aceta侈， linal∞landaceωphenone. Majorcomponents, 
1-octen-3-01, 1-hexanol, hexanal, 1-pentanol，但)-3-hexen-1-01 ， 2-hepta-none and 2-pentylfuran, the 
beany flavor (Maga 1973)紅e a1sode記cted in vegetable soybean (Sugawara et al. 1988). Boiling gives 
seeds theircharacteristic flavorbecause ofheat-induced substances such as furans andketones, ande部y
evaporation of volatiles due to rupt叮e of tissue and cells. Cell rupt叮'e accompanied by f扭扭扭g gives 
undesirable flavor due ωlipid peroxides. Popcom or pandan-like flavor 紅e perceived in Dedacha­
mame or Cha-kaori types. 甘le flavor components might be cyc10 N-O substances, probably by GLC 
ana1ysis (Masuda 1989). 
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Fig. 5. Changes in levels of characteristic aroma of ∞oked vegetable soybean seeds during the 
pod-fùling stage (Sugawara et al. 1988). 
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Table3. Nutritionalcontentofsomesoybeanand pea products (S tandard Tables ofF∞d Composition in J apan; 
fourth ed., 1982). 

Composition Nattou Momen tofu Vegetable soybean Pea Greenpea 

Energy (Kcalll00g) 200 77 582 30 96 

Water (g/100g) 59.5 86.8 71.1 90 .3 75.7 

Protein (g/l00g) 16.5 6.8 11.4 2.9 7.3 

Lipid (g/l00g) 10.0 5.0 6.6 0.1 0.2 

Nonfibrous c訂bohydrates (g/100g) 9.8 0.8 7.4 5.4 13.0 

Fiber (g/100g) 2.3 。 1.9 0.8 2.9 

Diet訂y fiber* (g/I00g) 15.6 6.3 

Ash (g/I00g) 1.9 0.6 1.6 0.5 0.9 

Calcium (mg/l00g) 90 120 70 55 28 

Phosphorus (mg/l00g) 190 85 140 60 70 

Iron (mg/100g) 3.3 1.4 1.7 0.8 1.9 

Sodium (mg/l∞g) 2 3 3 

Potassium (mg/l00g) 660 85 140 60 70 

Carotene (mg/100g) 。 。 100 620 360 
Vitamin B 1 (mg/l00g) 0.07 0.07 0.27 0.12 0.25 

Vitamin B2 (mg/l00g) 0.56 0.03 0.14 0.10 0.12 

Niacin (mg/l00g) 1.1 0.1 1.0 0.6 1.9 

Ascorbic acid (mg/l00g) 。 。 27 34 18 

1nnan (1985). 

Texture also con甘ibutes to vegetable soybean quality. The soyb組nWl由 hai-d seeds give low scores. 
Until growth reaches middle pod-filling stage, the seeds become harder with maturity. Vegetable 
soyb臼n variety 吋anba-guro" h品 a large seed size with moderate texture compared to normal 
vegetable soyb臼n 仙fusuda et al. 1988). 

Vegetable soybean as well as other soybean products h品 goodnu佐江ional values, with high levels 
of vitarnin C and dietary fiber (Table 3). Galactomannans are found in the seed coat. The compositional 
and quantitative changes in fatty acid (Table 4) and tocopherols (TC) (Table 5) have a1s0 been reported 
(Kajimoωet al. 1982). 甘le ratio of linoleic acid in total lipids and 住iacylglycerol increased with 
ma個ri句， but the ratios of linoleic acid and palmitic acid decreased. The main TC , a- , g- and , d-TC in 
seed lipid fractions and total TC showed an increase with mat叮ity.

Soybean seed h部 antinutritional substances, such as prot開始 inhibitors. One-third of activity of 
昀psin inhibitor (TI) remains in vegetable soybean seed after boiling for 5 min (Tanimura et a1. 1980). 
TI activity was not observed during 116 days of cultivation and increased with the grow由 of seeds 
(Table 6). 

Taste Related Substances During Pre- and Postharvest Periods 
Environmental factors , such 部 location，鈴的on and weather (light intensity, water content) greatly 

affect the qua1ity of vegetable soybean. 

Vegetable soybean is harvested atabout 33-38 daysaftβr flowering (DA的 dependingon its pod color 
and thickness. Tanusi (1972) observed that sucrose level increased during early developing stages, but 
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Table 6. Changes of water content, crude protein, total 叮ypsin inhibitor activíty and specific activity during 
soybean cultivation (seed length 1.2-1.4 cm). 

No. Cultivation duration Water content Crude protein Total 訂ypsm Specific 
inhibitor activity activity" 

(days) (%) (%) (mg!g of 仕的h weight) 

A 123 82.55 8.40 (48 .14)' 9.74 (55.82)b 116 

B 130 76 .45 9.51 (40.34) 15.74 (66.84) 165 

C 137 72.07 10.69 (38 .27) 17.92 (64.16) 168 

D 144 69.43 11.80 (38.60) 17 .49 (57.21) 148 

E 152 65 .56 13.35 (38.76) 17.70 (5 1.39) 133 

F 159 47.06 15.01 (28 .35) 18 .47 (34.88) 123 

G 165 15.13 32.390 (38.06) 38.18 (44.98) 118 

' Numberinp訂閱theses is percent dry matter 
bNumber inp訂en血eses iE ITIg/g of 。dz3yμwgJ e1ght 
C Total trypsin inhibitor activity (xl0' )lg/gν叮ude protein (g). 

35 DAF the level tended ωdecline. Furthermore, Masuda (1989; and unpublished data) reported the 
diurnal changes in sucrose and fr臼 amino acid levels of seed at 33-36 DAF (Fig. 6-7). The sens。可
scores of the boiled vegetable soybean, harvested at different times of the day, showed no significant 
differences in sweetness , texture and overall scores except flavOf. Both harvest time in teηnsofnumber 
of days after planting and harvesting hour in the day affect the quality of vegetable soybean. 

After harvest, the shorter the tirne before cooling and blanching, the better the quality (Fig. 3). 
Development of time-saving procedures on a large scale before cooling or blanching is a m吋orconcem.

Genetic and Physiological Research on Quality Improvement 

A genetic character of variety is a primary determinant of veg巴table soybean quality from the pre­
and postharvest points of view. 
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Fig. 7. Changes in glut位nic acid 
∞ntent of edamame (cv. 
Tamasudare) seed at 
mid-pod-filling stage 
(Masuda 1989). 

Studies on genetic improvements of soybean with regard to undesirable substances have been carried 
out to exclude lipoxygenase proteins. Genetic alterations produced more r拋出tious v訂ieties in terms 
of protein composition, amino acid composition of protein or fatty acid composition of lipid in the 
cotyledon. Other substances, sucrose or free amino acid, are not yet targets of thf breeding program. 

Until now, vegetable soyb臼n cultivars have been bred from varieties with emphasis on the green 
color of irnmature pods and acceptable taste of seeds, as well as properties related 的 seed production. 
It is interesting 血at sucrose and 企ee amino acids incr，臼se at the gr臼n pod stage. The analysis of 
components of vegetable soybean varieties at green pod stage indicated that they have a higher sucrose 
content (not less than 2.5% fresh weight) 伽n normal soyb臼n cultivars (cv. Enrei, Harosoy 63) 
(Masuda et al. unpublished data). There are high引19arωltivars among old soybean varieties, but their 
level oftotal sug訂s does not exceed 6% on a f記sh weight basis (Table 7) (Kaωu et al. 1982). Mutation 
breeding rather 出an crossbreeding between higher-type varieties might be successfully introduced to 
vegetable soybean, as with sweet corn. 

Table 7. Content of sugars and 企ee amino acids in vegetable soyb甜n and normal soybean seeds (Kaωu et a1. 
1982). 

Cultivar 

Shoun也 2

Shirayama dadacha 

Hirata dadacha 

Murasaki dadacha 

Kinbou dadacha 

Wase siroge 

Oku siroge 

Tohoku54 

Higan-ao 

Okudadacha 

Harvest 

6.21 

5.03 

4.72 

5.20 

5.54 

4.27 

4.39 

4.84 

5.28 

5.25 

Sugars 

3-day storage 

1.10 

1.20 

1.52 

1.31 

2.36 

2.08 

1.84 

2.77 

2.15 

1.71 

Fr間位剖no acids (FW %) 

Harvest 3-day storage 

1.05 

0.90 

0.91 
1.09 

0.92 

0.23 
0.32 

0.35 

0.92 

0.72 

0.43 

0.36 

0.31 

0.55 

0.51 

0.19 

0.17 

0.19 

0.25 

0.27 
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Starch content of s臼ds changes with maturi旬， and reaches maximum (22%) at the mid-pod-filling 
stage, and 血en decreases (0.3%) (Tanusi 1972; Yazdi-Samadi et al. 1977). Miyazaki et al. (1985) 
r巴portβd that Koito-zairai and Tururan-daizu are high starch varieties at maturity. S tarch accumulation 
in mid-pod-filling stage plays a ro1e of a 甘ansient reservoir of the carbon supp1y. Varieties that 
accumu1ate high 1eve1s of starch at vegetab1e soybean stage might be changed to high sucrose typ的， by

means of genetic suppression of starch synthesis enzymes (ADP-glucosepyrophosphorylase, branching 
Q enzyme and sucrose synthase). 

Free amino acid 1evel in the seed at the gr臼ns臼ge is controlled by the balance between protein 
synthesis activities and amino acid supplies from different parts of the p1ant. Remarkab1e differences 
are observed in free amino acid 1eve1 between two types, vegetab1e soybean and normal句peseedsσig.
8) 但1asuda， unpublished data). Asparagine and glutamine accumu1ate in vegetab1e soybean seeds. No 
significant differences in glutamic acid 1eve1 were observed between two types, but the time of 
maximum leve1 was different. It is suggested (Masuda, unpublished data) that ni虹ogen assim i1ation 
e血ymes， asparaginase, glutamine synthetase in inner-1ayer of seed coat and glutamate synthase in 
coty1edons p1ay significant ro1es in regulation of free amino acid “p∞1" in soybean seed. Altering the 
fr臼 amino acid 1eve1, especial1y glutamatβ1eve1 to improve quality, will be a future target. 
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Research on Vegetable Soybean Quality in Taiwan 

s.c.s. Tsou and T.L. Hong 
Asian Vegetab1e Research and Deve10pment Center, Shanhua, Tainan 74199 Taiwan 

Abstract 
Taiwan has no full-spectrum grading system of its own for the domestic soybean market. Quality research has 

been limited and focused mostly on 血e processing indus句. Although a grading system for a缸烤紅ance has been 
developed, nu世ient content and eating qua1ity have not been covered. Application of ne訂 infr訂ed reflectance 
spectroscopy (NIRS) was used to determine the sweetness, hardness and taste components of eating qual旬， and 
gas chromatography was used to determine vegetable soybean flavor, the fourth component. Nevertheless, because 
of the complexity of analyzing overall quali旬， panel tests 紅e still the most frequently used evaluation methods. 

Introduction 
Immaturepo也 of grain soyb個n have 10ng been consumed 部 a fresh vegetab1e by Chinese p切p1e.

Larger seed size with sweet taste is general1y prefe叮ed. There is, however, no grading system 
establish巴d for the marketing of vegetab1e soybeans. 甘le grading system presently used by processors 
was adopted from J apanιiu and Shanmugasundaram 1984) and is not common1y used in the Taiwan 
domestic market. 

The amount of effort addressed to quality research of vegetab1e soybean in Taiwan has been quite 
1imited, mostly aimed at the processing indus住y. S tudies have been conducted ωes位matβthe required 
b1anching time for vegetab1e soybean. It was found that the b1anching time needed to inactivate 
1ipoxygen部e is shorter than that for peroxidase of th巳 vegetab1e soybean (Williams et al. 1986). Studies 
on the rates of postharvest degradation under differeñt temp巴ratures were also conducted. Refrigerated 
storage of vegetab1e soybean beforeprocessing is ì:ecommended研1asuda 1989). 百1isreportsummar垃es
recent studies carried out at the Asian Vegetab1e R巴search and Deve10pment Center (A VRDC). 
Applications of near infrared reflectance spectroscopy 們IRS) for quality eva1uations are emphasized. 

Quality of Vegetable Soybean 

The parameters used to evaluate the quality of vegetab1e soybeans inc1ude app臼rance， eating quality 
and nutrient content. A grading system for appearance has been deve10ped based on pod size, number 
ofseeds p訂戶d， pod c010r and the degree of pest damage. Hence appearan∞ becomes an essentia1 
criterion in quality eva1uation for vegetab1e soybean processing. However, there are no specifications 
established for the ea也19 quality and nu剖開t content in Taiwan. These two qualities often v紅Y with 
the preference of consumers , and 出us the evaluations of these two properties can on1y provide 
d巴scriptive information rather than grading parameters at this 也ne.

Analysis ofthe nu甘ientcontβnt has shown that vegetab1e soybean is an excellent source of thiamine, 
and also a good source of protein, riboflavin and iron (Shanmugasundaram et al. 1989). It wou1d be 
lmpo此ant to evaluate the nu世ient content in the new varieties ωbe re1eased for commercial production 
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The general practice at A VRDC is that the content of major nu甘ients in the new lines should be over 
90% of check varieties. 

Panel tests have shown that the eating quality of vegetable soybean consists of its sw臼tness， flavor, 
texture and taste. The contributions of each component to overall eating quality are almost the same. 
Thus evaluation methods for all four parameters 紅e requir巴d in order to provide a more complete 
description on quality of vegetable soybean. 

Sweetness of Vegetable Soybean 

The carbohydrate patterns of vegetable soyb臼n are different from those of grain soybean (Table 1). 
Starch, which is low in grain soybean, makes up 10% of the dry weight of vegetable soyb開n. The 
oligosaccharide content of vegetable soybean is very low. 

Table 1. The carbohydrate patte口15 of vegetable soybean and grain soybean. 

Carbohydrate Vegetable soybean Grain soybean 
(mg!g dry wt) (mg!g dry wt) 

Starch 83.20 0.66 
Total sug位 110.20 102.40 

Suαose 99.14 62.05 

Glucose 13.40 11.18 
Fructose 8.95 0.73 

Raffinose 0.16 14.85 
Stachyose 0.95 25 .38 

Crude fiber 44.90 52.70 

Mean of three varieties: Kaohsiung No. 1, Tzurunoko, and Ryokkoh. 

Tsou and Hong (1990) indicated that sucrose, which is the predominant sugar in vegetable soybean, 
isresponsible for its sweetness. Therefore analysis of sucrose contentis mostimportantin the evaluation 
ofthe sw臼tness of vegetable soybean (Masuda et al. 1988). 

NIRS has been found to be a useful tool in estimating chemical composition of vegetable soybean 
and other commodities (Tsou etal. 1989). This technique was adopted to analyze individual sugars. The 
prediction statistics ofNIRS method ωestimate çarbohydrate in vegetable soybeans are given 油 Table
2. Acceptable predictions on sucrose are obtained by 也e NIRS method. Accuracy of the es的natβson
individual oligosaccharides is relatively low due ωtheir lower concentration in vegetable soybean. A 
better correlation coefficient (R 2 = 0.87) and a stan臼rd error of prediction (SEP = l.02) were obtained 
in the estimation of total oligosaccharid臼.

Taste of Vegetable Soybean 

In addition to sucrose, certain free amino acids are suggested as major contributorsωthe taste of 
vegetable soybean. Analysis of amino acid profiles indicated that the free amino acid content is much 
higher in vegetable soybean than in grain soybean. Fr臼glutamic acid has the highest concentration over 
other amino acids. This single amino acid consists of 0.43% of the fresh weight of vegetable soybean 
(Tsou and Hong 1990). NIRS is not only a reliable method to 臼timate 曲eωta1 fr臼 amino acids, but 
can also predict 血e contents of several amino acids at a reasonably acc前'ate leve1.百le prediction 
statistics of selected amino acids obtained by a fùt叮叮pe instrument (Technicon Infralyzer 4∞) and 
ascann呵呵pe instrument (NIR S ysteril白的arecompared in Table 3. The unsatisfacω'ry results from 
the fùter句pe instrument could bé due to the limitation of wavelength available. The performan臼 of
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the scanning-type instrument was much improved. This result suggests that one may be able to use a 
scanning-type near infrared analyzer to determine some amino acids such as glutarnic acid in vegetable 
soybean seeds individually in a relatively short time. 

Table 2. The prediction statistics of carbohydrates of vegetable soybean by NIRS. 

Carbohydrate Content No. of R SEP 
range (mg!g) samples 

Starch 46.90- 98.70 35 0.95 。 52
Total sug訂 52.70-117.00 38 0.97 0.33 

Suαose 39.70-102.70 25 0.96 1.17 

Fructose 3.29-14.95 25 0.95 0.67 

Glucose 7.35- 13.71 25 0.92 0.17 

Raffinose 0.01- 5.72 14 0.73 0.73 

Stachyose 0.01-4.06 14 0.73 0.62 

Crude fiber 34.30- 46.30 34 0.96 0.35 

Table 3. The prediction statistics of selected 也nino acids obtained by a filt叮叮pe 組d asc訂ming-type NIRS. 

Free 位nino Content No. of F立ter-type Scanning-type 
acid range (mg/g) 5位nples R SEP R SEP 

Glutarnic acid 1.90-22.58 26 0.89 2.71 0.91 2.01 

Al位官1巴 0.24-19.03 26 0.85 3.04 0.89 2.24 

Aspartic acid 0.26- 3.60 26 0.81 0.60 0.83 0.60 

Tyrosine 0.11- 2.11 26 0.80 0.35 0.82 0.34 

Me也ionine 0.05- 1.80 26 0.80 0.65 0.85 0.54 

Analysis of amino acid pattems ofthree vari巴ties at three harvesting stages suggested that significant 
variations between content of glutamic acid and alanine can be observed among the varieties tested. 

Hardness of Vegetable Soybean 

The texture of vegetable soybean is rather complex in nature. There is no standard available on the 
d的ired texture for vegetable soybean. The hardn巴ss一毛xpressed as the force required to break the 
vegetable soybean seed-is adopted to evaluate the texture of vegetable soybean at A VRDC (Tsou and 
Hong 1991). NIRS has made it possible to estimate the hardness of cooked seeds based on the absorption 
spectrum of flo叮 prepared from uncooked seeds (Table 4). 百lere 訂e also many factors 也at might 
contribu紀的the hardness of vegetable soybean seeds. The possible effects on seed hardness of different 
varieties, harvest stage and c∞king time were studied. Pods after prolonged c∞king are generally 
softer, and therefore the desired hardness can be obtained through the control of cooking time. However, 
ext巴nded cooking time may cause the breaking of pods or degradation of pod color. The hardness of 
vegetable soybean seeds harvested at different maturity stages is presented in Table 5. Experimental 
results revealed that there is no significant difference in seed hardness among seed血mples that had been 
harvested between 60% and 100% maturity. This suggests that seed hardness is not a critical factor in 
d巴termining the date of harvest. 
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Table 4. The prediction statistics of calibration equation for hardness of vegetable soybean. 

No.of 
filter 

5 

R2 

0.92 

Calibration 

SEC 

0.21(35) 

Slope 

0.96 

Values in p紅entheses indicate the number of s位nples used. 

Performance test 

Intercept SEP 

0.14 0.24(38) 

R 

0.91 

Table 5. The hardness of cooked seeds of出ree varieties of vegetable soybean harvωted at different mat叮ity

stages. 

H位也less (%) 
V紅iety maturi旬，

60% 80% 

Kaohsiung No. 1 256500 2628 

Tzurunoko 2494 3118 

Ryokkoh 2917 2713 

LSD 240 197 

OPercent of pod; its seed sÏze reaches the full potential. 
OOMean value of 10 meas叮'ements.

Flavor of Vegetable Soybean 

100% 

3297 

3564 

2811 

272 

LSD 

217 

194 

178 

Vegetable soybeans do not have a strong flavor. Nevertheless, trained panels are able to detect the 
flavor differences arnong varieties. Variety Kaohsiung No. 1 is claimed to be low in flavor by the 
J apanese importers. Gas chromaωgraphy w部 used to estimate the concentration of volatiles of 
blanched vegetable soybeans (Table 6). A lower concentra世on oftotal volatiles was found in Kaohsiung 
No. 1 than in two other varieties. The outcome 企om GC-MS work identified the major vola位les in 
vegetable soybeans as l-hexana1 trar芯， 2-hexana1, l-octan-3-01, and 2-penty芷叮個. Most of them are 
known 品 beany flavors of the soyb臼n. Thecon甘ibu世on of these volatiles to the flavor of vegetable 
soybean remains to be investigated. 訂閱 lower concentration of these compounds in Kaohsiung No. 1 
could be due to the lack of one isozyme of lipoxygenase 扭曲is p紅ticular variety. 

Table 6. Total peak 訂ea of volatiles in three varieties of vegetable soybean. 

V位iety

Kaohsiung No. 1 

Tzurunoko 

Ryokkoh 

OCompared by the same intemal standard. 

Tota1 peak areao 

2527118 

5020246 

5536021 

Rating of Vegetable Soybean 
The overa11 qualities of f，∞d 紅e attributed to severa1 factors, and 血ey are ve可 complex in nature. 

Panel tests are still the most frequently used method in eva1uating the overall qua1ity of f，∞d 
commodities. There are few exarnples which demons甘ate 出at successful assimilation for panel tests 
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tocons甘uct a spectrum database of vegetable soybean by a scann泊g句peNIRS instrument. Spectrums 
of 36 samples of three m句or cultivars have been installed in the database. More samples will be added 
to the database in 1991. Panels for vegetable soybean evaluation are presently being trained at the 
Institute ofF∞d Science, National Chung Hsing University. The trained panels are able to detect the 
varietal difference based on their swe巴tness， taste, flavor and texture. The relationship between 
spectrums at n開r in仕ared region and panel tests will be studied. 
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Abstract 
In 1988, Japan produced 104，5∞ t of vegetable soybe姐. and imported anoth位 36.842 t mainly from Taiwan. 

Vegetable soybean is eaten mainly 扭曲e sunimer. Most ofthe production 訂'eas 位ef紅 from the consumers in large 
cities. and the soybean is mainly sold as a form of stripped pods. Appearance. such as color and size. are important 
features in m訂ke也芯. so postharvest sor自19 is extremely important. It is difficultωjudge the correct time for 
harves也宅. which has considerable influence on quality. Sugars and free amino acids deαease shortly after harvest. 
and 血e taste deteriorates. p紅ticul紅ly at high temperatures. Precooling at 血，e production site before 叮叮ISporting
切也巴 cities is an effective way of maintaining quality. 

Postharvest Processing and Marketing 

Utilization 

There are two forms of vegetable soybean in the Japanese market, fresh and frozen. All vegetable 
soybeans produced in Japan are consumed fresh. The domestic production w個 104，5∞ t from 14,400 
ha in 1988 (Table 1). All of the frozen vegetable soybean was imported: 36,842 t va1ued at $48.1 million 
(US$I=135 yen) in 1988 and 34,241 t va1ued at US$63.7 million in 1989. The soybean w部 imported
mainly from Taiwan (34,001 t) , with the balance 企om China (229 t), Mongolia (10 t), and USA (2 t) 
in 1989. Imports from Thailand started in 1990. In addition to 血e frozen soyb個n， 200-3∞ t offresh 
soyb臼n were imported from Taiwan in the period from Decemb巴r to June when the production is 
limited and the price is high in J apan. 

Table 1. The production ofvegetable soybean in Japan. 

Ye位:

Area under cultivation (ha) 

Yield(t) 

1980 

14， 1∞ 

118,400 

1985 

14.3∞ 

115.500 

1986 

14.0∞ 

113.600 

1987 

14.7∞ 

116.∞o 

From: S tatistics of Vegetable Production (Ministry of Agriculture. Fores叮 and Fisheries). 

1988 

14，4∞ 

104.500 

Ninety-one percent of the vegetable soybeans are consumed during June-September, with 60% in 
August and September. Vegetable soybeans are 臼ten as a side dish, particularly with 以~r. 百le pods 
are lightly cooked in boiling water for 5-10 min with a little salt. Japanese people tak:egr臼t pl開S盯e
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in the taste and flavor of soybean. The frozen form is mainly for business use, and the fresh soybean 
is prefe汀edathome.

Marketing 

For marketing, the f記sh vegetable soyb闊的紅e sold in two ways: one is with the pods attached ω 
the stems with leaves and roots, and the other is with the pods s甘ipped from the stem. Historical1y, 
vege個ble soybeans were c叫“vatedn臼r the consuming訂閱s and sold on the stem with 1臼ves and roots. 
However, the stripped pods 訂e more commonly found now. For example, at the Tokyo market, the 
production 紅ea is Gunma, Niigata and Iwate，訂閱s far from Tokyo.τ'herefore， the s甘ipped pods are 
prefe虹ed for such long-distance 訂ansport and ωreduce waste. 

Most vegetable soyb個ns are harvested by hand. When the vegetable soybeans are sold in m紅kets
still attached to the stems, the plants are hand-cut or pu l1ed out by the roots, and unacceptable pods and 
lower leaves are culled, and the branches tied ωge血erin small bundles. For the saleofpodsalone, plants 
are cut and the po也 are stripped off. After sorting, 300-500 g of仰自訂e put into a polyethylene net­
bag and 10 or 20 bags are packaged in a corrugated cardboard box. Elec住ic powered, stationary pod 
strippers 訂e also available and commonly used. It takes 90.2 hours ωcover 0.1 ha by hand, and 17.2 
hours using the stripper. 

τ'hose pods having only one seed, immature, injured, or diseased areremoved by hand. This is a costly 
operation. About 70% of the production time for vegetable soybeans is at the postharvestand processing 
stages, such as harvesting, stripping pods, sorting, and packaging. However, because the value of 
vegeωble soybeans at market is mainl y determined by血eirapp個rance， the sorting process is ex住emely
important, and a producing訂閱血at excels at processing and sorting will be given a superior rating by 
consumers. Th巴re are many sorting stan臼rds in each production district. 

In Iwate Prefecture, the special grade of vegetable soybean should have 90% or more pods containing 
two or three seeds. 甘晦 pods should be perfectly shaped, completely gre凹， no injuries, and no spots. 
The grade B vegetable soybean should have 90% or more pods with two or three seeds, but it can be 
a lighter gr自n， slightly spott叫， injured， or malformed, and have short pods or small seeds. 甘le grade 
A is the intermediate between special grade and grade B. In these three grad郎， pods must not be overly 
mature, diseased, insect-damaged, one-seeded, malformed, yellowed, split，叩otted， or unripe. 

Period of Harvest 
In marketing quality of vegetable soybe徊， theappe位anceh品 priority over taste. However, taste is 

an important factor, but there is no method ωevaluate it in marketing. Because the quality is mainly 
evaluated by appearance, the superiority or inferiority of production dis回cts is decided with the 
propriety of harvest period and of the postharvest processing. It is always difficult to decide the period 
for harvesting, because the pods are stil1 fùling. To determine the most suitable period for harvesting, 
the relationships of days after flowering, pod expansion, s臼d component, and pod color have been 
investigated. 

百le leng出 and width of pods can be known at a relatively early growth period, and thereafter seeds 
rapidly expand. The thickness and weight of伊ds increases following the pod expansion. Taste of the 
vegetable soybean is highly correlated ω 血e sucrose content or glutamic acid of s.eed (M品uda et al. 
1988). 甘lerefore， the sugar and 企ee amino acid contents were estimated. The taste is known to 
deteriorate in the late growth stage, mainly due to由e decrease in content of sugars. However, the sugar 
did not decrease in our c品e. The sugars were composed of sucrose, fructose and glucose. Sucrose 
content was always high. Judging by pod expansion，的cωse and glucose deαeased， whiIe sucrose 
increased. Total sugars gradually increasedat the early stage of pod expansion, and remained static after 
the middle stage. Free amino acids decreased during seed expansion (Table 2). 甘le major forms of the 
fr臼 amino acids were aspar位c acid, histidine, alanine, and glutamine. 
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Pod color isimportant for evaluation of the grades (fable 3). It w品 measured using a colorimeter 
(Minolta CR-IOO) and expressed according to a Lab ~olor sy如m which w部 recommended by the 
Committee ofInternational Illumination (CIE, Commission Internationale de I'Eclairage). During the 
ripening, t血h巴“L" value (仰0= white and 10∞o = black) increased and the “ 
also increased in minus value. On the other hand, there was no change in the “b" value (+ = yellow and 
- = blue). Therefore, the “X" (color index) which was calculated from the following equation, X=Lxb/ 
lal showed an increase following 也e pod color deterioration. The thick pods at harvest showed faint 
color and continu巴d to reduce 出eir color after harvest. 

Table 2. Relation between days after flowering and ∞ntent of free am泊o acid (mg/l00 g FW). 

Days after 
flowering: 25 28 32 34 36 39 42 47 50 

Aspartic acid 27.7 24.5 34.6 22.5 21.7 30.3 26.2 29 .3 16.5 

Serine 17.5 15.8 14.3 17.6 15.5 16.5 19.2 16.8 13.5 

Asparagine 467.6 413.9 436.0 443.4 337.6 304.2 252.0 180.0 148.6 

Glutarnic acid 98.7 117.1 188.8 25 1.0 153.3 156.6 218.6 172.6 124.9 

Glutamine 186.8 130.9 85.0 108.2 51.9 45.7 32.8 10.1 9.6 

Al位也le 46.0 46.5 66.9 164.3 82.0 80.6 82.5 51.2 74.6 

Histidine 90.0 89.9 55.2 49.8 41.8 34.1 19.1 13.7 13.5 

Arginine 48.6 43 .4 47.7 44.6 35.5 25.7 24.1 15.8 12.3 

Table 3. Relation between thickness of pod and pod color at harvest or after storage. 

Pod thickness (cm) --{).84 0.85--{).95 

Pod color L a b X L a b X 

Ath紅V巴5t 61.0 -19.1 41.0 131 59.2 -19.4 41.2 126 

After storage 60.9 -18.8 41.1 133 60.8 -18.7 41.3 134 

Pod thickness (cm) 0.96月1.04 1.05月

Pod color L a b X L a b X 

Atharvest 59.3 -19.4 41.7 128 59.0 -19.6 43.1 130 

After storage 60.6 -18.5 42.1 138 62.6 -18 .3 43.2 148 

Storage conditions: temperature 鈞。C， period 3 days. 

Good qualities of vegetable soybean are good taste, deep-green color of pods, full expansion of pods, 
uniform pods wi出out infections or injuries. To obtain uniform pods, it is important to protect plants 
against diseases and insects. The other three factors can be related to the time of harvest. The relation 
ofdaysafterfloweringωthese factors is shown in Table4, using a variety, Sapporomidori. Concerning 
taste, content of free amino acids decreased following pod expansion, so it is better ωharvestas 臼rly
as possible. On the other hand, content of sug訂sw個 low before 35 days after the flowering and 
maintained the relatively higher level after 35 days. Taste is decided not only through content ofboth 
sugars and free amino acids, but also flavor and texture. Using pod color 品 a guide, it is suitable to 
harvest before 40 days afl的r flowering , since the thick pods deteriorate aftβr harvest. Furthermore, full 
expansion is the equivalent of thick pods so that it is better to harvest as late as possible. 

It is best to harvest Sapporomidori 36-39 days after flowering when the pods are 0.85-0.95 cm thick. 
Wefound也e same values of thiclmess with two other varieties, Fukura and Kinsyu. These size criteria 
can be used for other varieties having different characteristics of maturity and pod s坦e. The relation of 
pod thickness to days after flowering is given in Table 5. A t the best harvest time for each .variety, around 
40% of the tota1 pods per stem .are of adequate thickness. This means 出at the postharvest sor血19 is 
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extremely important. The pod thickness increases more rapidly than we expected, suggesting that the 
most suitable rang巴 for harvest is ve可 limited， i.e. only 2 or 3 days during the growth period. 

Table 4. Relation between days after flowering and each factor for judging quality. 

Days after flowering: 30 40 50 

Taste 

Free amino acids Good Normal Bad 
Sugars Bad Good Good 

Pod color Good Good Bad 

Degree of pod exp位1Sion Bad Normal Good 

Table 5. Relation between days after flower泊昌 and thick:ness of pod. 

Days after 前世ck:ness ofpod (cm) 

V訂iety flowering --0.79 0.80--0.84 0.85--0.94 0.95--0.99 1.00-

S apporomiàori 28 98 1 。 。
32 73 21 6 。 。
34 42 22 36 。 。
36 33 17 40 7 4 

39 29 11 28 15 18 

42 13 4 37 12 35 

47 13 6 22 15 44 

50 6 1 4 6 83 

Fukura 34 100 。 。 。 。
38 79 15 6 。 。
40 56 17 26 。 。
42 32 10 43 10 5 

45 28 10 36 12 15 

48 11 3 26 15 46 

Kins叭1 45 80 16 5 。 。
48 38 20 38 5 。
52 16 7 32 19 27 

56 7 4 38 19 32 

59 8 。 22 13 56 

63 3 。 6 5 86 

Quality Degradation 
Research conceming quality degradation has been limited. Vegetable soybeans belong ωthe 

vegetable group with a high rate of respiration. After harvest, sugar content decreases rapidly at high 
temperat叮es (Table 6). Free amino acids also decrease in a short period; contentof alanine and glutamic 
acid was reduced to two-thirds and one-half of the harvest, respectively, when the po也 were placed 
under room temperat叮e (26:t20 C) and 66% humidity for 24 hours. In this case, a decrease in sw倪tness
and taste could be recognized af的r 10 hours (Masuda et al. 1988). 
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Table 6. Effect of storage temperature on sugar content. 

sωrage Mter harvest 

temp. (OC) 8 hours 24 hours 48 hours 4days 7 days 

。 98" 100 100 83 76 

20 82 68 48 27 25 

28 85 59 36 25 

"Values 紅e indicated as the percentage oftotal sugar∞ntent relative to the 0也ne at harvest (2.26 g/1∞ gFW). 

百le changes in the q明lity of pods attached to 血e stem with leaves and roots or of the s仕ippedpods
were studied post harv的t.ltw部 reported that either the pods on the stem possessed bettβr quality than 
stripped pods (Iwata et al. 1982), or s虹ipped pods were better (OsOOo 1978). This needs further 
clarification. The Iwata et al. (1982) report showed that the 仰d color was maintained as green by 
wrapping with a low-density polyethylene film. The pod color deterior組on is accelerated under low 
humidity conditions, whereas deterioration is prevented under high humidity. 

Thepodss甘ipped by machine of的n turned brown after 2 or 3 days, because the browning substances 
紅'e enzymatically synthesized wi血扭曲e inj叮ed cells, such as by phenoloxidases. 

Quality Maintenance 
Handling soybeans under cool conditions is important to m位ntain their high quality, so prec∞ling 

inJapan is c位ried outat 出e shipping house of a production dis出ctprior ω 住ansportωconsumers. In 
fact, most vegetables are precooled in summer, in two ways: (1) air-cooling and (2) vacuum-cooling. For 
vegetable soybeans , vacuUffi-C∞ling is eff，也已ve in maii1taining their good quali句， because the 
temperat叮e can be reduced quickly. It is important for quality maintenance to save time in harvesting 
and sorti睹的 the start of precooling. Vegetable soybeans are usually 甘ansportl吋 ω citi臼 by truck. 

Vegetable soybeans are packed in net bags and then put inωcoπugated， c紅dboard boxes. The 
following ideas should help maintain the soybeans in high humidity by: (1) spreading the sucking-water 
sheets in a box, or (2) preventing 甘甜spiration and simple controlled atmosphere eff，巴cts by wrapping 
the soybeans with polypropylene film instβad of the net bag. U se of these materials is planned not only 
for quality maintenance but alsoωcompete with other prOOuction are部.前le high humidity s臼ms
effective in preventing wilting and maintaining a deep green pod color. 
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Studies on the Effects of Cold Storage and 
Precooling on the Quality of Vegetable Soybean 

Lung-Ming Tsay and Shyang-Chwen Sheu 
National Pingtung Institute of Agriculture, Pingtung 91207, Taiwan 

Abstract 

Vegetable soybean is an important export vegetable in Taiwan. To prolong its storage life，∞ld storage 
conditions were studied. 1n one set of tests, vegetable soybeans with pods were packed in four kinds of bags (pP, 
PEwi出 ethylene absorbent, ethylene absorbing film and net bag) and stored at 00 , 50 and 200Cωcomp位e the 
quality during storage, changes in weight loss, vitamin C content, color index and hardness. Samples packed with 
也e 出ree kinds of plastic bags gave similar results, maintaining better quality 血an the net bag packed ones. The 
bestsωraget臼nperature was OOC. 1n a second set of tests, precooling effect was investigated. Quality was analyzed 
aft位 pre∞oling and storage at OOC. Vegetable soyb開ns precooled in OOC iced water, packed in PE bags with 
ethylene absorbent, and stored at OOC maintained the best qua1ity during sωrage. 

Introduction 

Vegetable soybean (Glycine max) is popular in Asia. 1t is rich in protein and vitamins, and consumed 
with or without pod. However, only the beans are eaten. 

Some reports indicate 出at vegetable soybean quality might change during cold sωrage， e.g. loss of 
moisture, vitamin C , sugar and amino acid, and chlorophyll degradation (Iwata and Shirahata 1979; 
1wata et al. 1982). Proper storage conditions 位e essential for vegetable soybean to maintain its quality. 
Tsay et al. (1990) reported that 1 oC is the best temperature for vegetable soybean storage. PE or PP bags 
with 0.32% pores also can maintain good q聞1ity of vegetable soybeans (Akimoto and Kuroda 1981). 
According to the results of Hsieh and Tsay (1975), 30 C is the best precooling temperat叮e for vegetable 
soyb臼ns.

官le 0均ect of 0叮 study w卸的 investigate the effects of different s的rage conditions on the quality 
of vegetable soybeans (e.g. packaging method, storage temperature, and precooling conditions) ， ω 
determine the best conditions to prolong shelf-life and maintain quality. 

Materials and Methods 

Two vegetable soyb臼n cul ti vars were used, harvested from a farm in Pingtung County. The culti vars 
used in the packaging and precooling tests were #205 (Tzurunoko) and Kaohsiung Selection No. 8, 
respectively. 
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Packing 

甘rreekin也 ofplastic bags, (polyethylene (PE) (13.6 x 16.5 cm), polypropylene (PP) (19.8 x 25.1 
cm) andPEwith ethylene absorbent, were used as packaging material, with net bags used as the control. 
In the precooling test only the PE and net bags were used. 

In the study of packaging conditions, 200 g of vegetable soybeans were packed in four different bags 
and samples were stored at 00, 50 and 200C. In the precooling sω旬， we used iced water as the cooling 
medium and the ratio of sample and water was 1:3. Then we sωredprec∞led and unprec∞ledsamples 
at ooC. Every sample w部 analyzed for weight loss, vitamin C, color index and hardness eve可 4days
dur泊g 28-day storage. 

Weight Loss 

Every sample was weighed eve可 4 days, and all tests were repeated three times. 

Vitamin C Assay 

Vitamin C content was assayed accordingωthe method of the Pharmaceutical Society of J apan 
(1973). Five-gram (W)組mples were blended with 3 ml 0.3% metaphosphoric acid (containing 0.8% 
acetic acid), diluted with this soluti凹的 50 ml (\人) then filtered to obtain the fil甘ate. Five milliliters 
of filtrate (V 2) mixed with 5 ml metaphosphoric acid and titraæd with indophenol (containing 0.025% 
2 ,6-dichlorophenol indophenol-Na and 0.025% NaHC03) to a pink color. The ti住ation volume was S 
ml, and the ti住ation volume of 5 ml 0.02% vitamin C standard was T ml. The vitamin C content w部
calculated using the following formula: 

L-ascorbic acid (mgl100g) = (SxV)x1∞I/(Tx V 2X WxK). 

Each sample was analyzed twice. 

Color Measurement 

Sample color is m臼S叮吋 bya 10∞ DP color and color difference meter (Nippon Denshoku Co.) 
甘le color index was calcu1ated according to the following formula: 

Lxb/lal 

where L = 0 indicated white and L = 1∞ indi臼ted black, a = + indicatedred and a = -indicated green, 
and b = + indicated yellow and b = - indicated blue. 

Each datum point w品 am臼n of 15 measured three 也nes.

Hardness Assay 

百lehar也lessof阻mplew部m開sured with a fruit pressure tester (model FT 327). Ev，的 samplewas
measured three times. 

Results and Discussion 

Packaging Test 

The weight loss of vegetable soybean during sωrage is shown in Fig. 1a. When the storage 
temperature was higher, the weight loss was h站her. The 組mples were assayed at 200C only to 16 days 
and ended because of molding. Mter storage for 16 days，出e samples stored at 5 個d 200C in PE bags 
wi也 ethylene absorbent also maintained more than 99 and 97% 企esh weight (Fig. 1). But the cold 
storage阻mples of net bags maintained only 80% fresh weight and the samples stored at 200C lost 70% 
of their fresh weight (Fig. 1盼.
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Fig. 1. Changes in weight 10ss of vegetab1e soybe位18 packed in (a) PE bags with ethy1ene absorbent and (b) net 
bags during storage at different temperatures. 

4 

The changes in vitamin C content of samples in PE bags are shown in Fig. 2a and 2b. Regardless of 
storage temperat叮e or packaging material used, vitamin C content decreased during storage. The 
vitamin C content in OOC-sωIred samples decr臼sed le削. Iwata and Shir油ata (1979) and Salunkhe et 
al. (1985) also found that vitamin C content in soybean decreased during storage. Color index calculated 
withHun鯽's value ιx b/lal) can represent the yellowing of vegetable soybe個s (Iwata and Shirahata 
1979): 甘le higher the value, the yellower 血es位nple. 甘le color index of all 血mples increased d世ing
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Fig. 2. Changes in vitamin C (L-ascorbic acid) ∞ntent ofvegetab1e soybeans packed in (a) PE bags with 
ethy1ene absorbent and (b) in net bags during sωrage at different temperatures. 

storage, indicating 血atall 晶mples were getting yellow during storage (Fig. 3a and 3b). The 組mpl臼
stored at OOC had the lowest changes in colorindex. However, after storage at OOC for 24 days, the color 
index of net bag-packed samples w部1. times that of the PE bags packed with ethylene absort紀nt

甘le hardness of all 組mples increased during sωrage (Fig. 4a and 4b), with the 200C-stored 組mpl自
having the highest increase. 百le 00 and 50C-stored samples had similar profiles, and the samples 面 net
bags became harder than those packed in PE bags with ethylene absorbent. 
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Because the results ofPP-packed and ethylene-absorbing film were similarωthose of PE bags with 
ethylene absorbent, only the results ofPE bag-packed with ethylene absorbent and the net bag-packed 
samples are shown. 

From the results mentioned above, the three kinds of plastic packaging materials had similar effects 
on the quality of vegetable soybeans d凹扭g storage, and maintained better quality than the net bag­
packed. However, cold sωrage at 0 and 50 C was more suitable for vegetable soybeans than 20oC. 

Precooling Test 

The weight losses of two different packaging materials wi血 or without precooling are shown in Fig. 
5aand 5b. 

After storage atOOC for 28 days, the weightof samples in PE bags with ethylene absorbent was almost 
the same as the fresh samples, however samples in net bags lost weight quite rapidly. 
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Fig. 5. Changes in weight loss of precooled and non-precooled vegetable soybeans packed in (a) PE bags with 
巴thylene absorbent and (b) in net bags during storage at 伊巳.

The color index of samples in net bags began ωincrease after 20 days of stora悍， and the samples 
withoutpr，巴cooling yellowed more rapidly than prec∞led ones. The color index of pr也ooled samples 
packed in net bags almost doubled the non-precooled ones after 28 days of storage (Fig. 6a). However, 
the samples in PE bags with ethylene absorbent almost maintained the same color index as 仕的hones.
The samples prec∞led remained gr'臼ner than non-prec∞led ones (Fig. 6b). 

L 

\\ 

k\ 

?\\ 

24 

12 

K 

L 
丸
\

~24 
σ3 

o o 
6,20 
E 

) 

旬

ul6 
0 

ιJ 

正3

5l2 
的

。
」

nv 
月t

e qd o 
戶b
r

io 
f qu 

2.m 
cu uy nu 

auvnu 
4 

8 
28 0 24 門U

?
』

auu qd 
。

他
叫且，tqu nH 

2i 
cjw Hy nu n

υ
 

自
M4 

8 
0 

Fig. 6. Changes in vitamin C (L也corbic acid) content of precooled and non-precooled vegetable soybeans 
pack巴d in (a) PE bags with ethylene absorbent and (b) net bags during storage atσC. 

百le changes in vitamin C content in the s街nples packed in two kinds of materials are shown in Fig. 
7a and 7b. Regardless of the kinds of packaging materials used, the prec∞led samples maintain巳d
higher vitamin C content than non-precooled ones. 甘le vitamin C content of precooled samples in PE 
and net bags decr個sed 38 and 52%, respectively, after being stored at OOC for 28 days. The non­
precooled samples in PE and net bags decreased 50 and 64% , resp巴ctively ， d叮ing 出e same period. The 
results indicated that precooling of vegetable soyb闊的 and packaging in PE bags with ethylene 
absorbent might maintain the vitamin C level best during storage for 28 days. 
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The hardness changes during storage are given in Fig. 8a and 8b. Samples from four 缸eatments
showed the same tendency in hardness change. The hardness increased initially and then decreased after 
16 days of storage. 
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τnese results indicate that prec∞ling was effi凹tive in maintaining better qua1ity vegetable soybeans 
d盯ingsωrage. Hsiehand Tsay (1975) indicated that30 C precooling treatment may maintain the qualitý 
of vegetable soybean. The PE bag-packed samples retained more vitamin C , remained grl臼ner and 
suffered less weight loss than that packed in net bags. We found that the best storage conditions for 
vegetable soybeans included pac屆時 in PE bags, prec∞ling and storing at OOC. 
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Production, Demand, and Research in Japan 

Thomas A. Lumpkin and John Konovsky 
East Asian Crop Development Program, Department of Crop and Soil Sciences, 
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Abstract 
Soybeans have probably beenconsumed at an immature stage as vegetables as long as soybeans have been eaten, 

particul位ly as a medicine in early history. 1n Japan, vegetable soybear毯， locally called edamame, evolved from a 
sacred 0宜'ering and food for religious purificationωpopular street fare and a snack to eat with beer which has a 
sweet savory flavor dis也Ict from grain soybe缸18. The spread of re企igeration and afl1uence has increased their 
popularity; currently there is a 10,000 t gap insupply anddemand. In over 160reports published in Japan since 1920, 
mostresearch has focused on crop and postharvestmanagement. Little researchhas beencarried out on the genetics 
ofquali妙， plant pathology, or plant physiology, but over 400 varieties of vegetable soybean have been developed 
and released. 1n spite of its popularity in Japan, cultural differences, language, geography, and comm位cialrivalries
have hindered the development of 也is crop on a global scale. 

Introduction 
甘le first historical reference to soybeans is thought ωbe in 664 B.C. from records describing tribute 

paid to the Chou dynasty by the Shan-J ung tribe ofNortheast China, where wild soybeans are found (Ho 
1974). At 出at tirne, soybeans were called Jun.g Shu, a bean of the Jung. However, it is thought that 
soybeans may have entered the domestication process hundreds of years 開rlier.

Observing the consumption pattems of most grain legumes, it is probable 出at irnmature soybeans 
may have been gathered and eaten for as long as ma仙re soybean seeds have been eaten. Among small­
scale intensive farmers who grow soybeans in Asia, most will harvest grain soybeans at an immature 
stage to cook and consume as a vegetable. This practice is probably as old 扭曲e domestication of 
soybeans and may date from pre-agric叫t叮e periods. 

The earliest spec正ïc reference to the consumption of immature soyb個ns as a vegetable is found in 
the second cent叮Y B.C. publication, Spring andAutumnAnnals(Ch'un Ch'iu) , which was mentioned 
in Wu Ch'i-chun's chapter on soybeans in the book, Chih WuMing Shih TuK'ao , published in 1848 
and translatβd by W .J. Hagerty of the US Departrnent of Agriculture in 1917 (Shurtleff and Aoyagi 
1991). W u notes the earlier reference to vegetable soybeans enhancing the yang principle, and so having 
medicinal value. 

In most of East Asia, vegetable soybeans 位e harvested and sold as po也﹒on-stems， loose pods, or 
shelled b閉的 (mao dou in China, edamame in Ja戶n， andpoot kong in Kor臼). The pods-on-st凹的 form
is no longer commonly consumed in China or Korea, but is sti11 a popu1ar form in Japan, p前世ally
becauseapp臼rance and flavor factors decline more slowly after harvest while pods remain attached ω 
the stem. In China, vegetable soybeans are usually c∞ked as shelled irnmature seeds, but sold in the 
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pod or shelled; they are used primarily as an ingr巴dient in stir fry dishes. In Korea, the beans are added 
to rice and cooked together (pub mi kong). In J apan, vegetable soybeans are usually sold as 1∞sepods ， 
occasionally on the stem , andrarely shelled, although shelled forms have been used to make asweetened 
paste (zunda-see Nagamine 1989; Furusawa 1984) and edamame tofu (Yamauchi 1990). 

Soybeans were probably brought to Japan from Korea and the Shanghai 訂閱 of China (Hymowitz 
andKaizuma 1981) during the Yayoi period (200 B .C.的 250 A.D.) and are mentioned in the Japanese 
historical reference ,Record of Ancient Matters (Kojiki) published in 712 A.D. Summer-type soybeans 
were brought to Kyushu and fall句pe soybeans to 血e Tohoku region of Honshu Island and Hokkaido, 
respectively. 

References to immature soyb臼ns (nama daizu , later aomame) also app臼r in the 8th century A.D. , 
when it is d巴scribed as one of the sacred food offerings used in Shinsen , mentioned in the record book 
of a royal treasure house called the Shosoin in the capítal city of Nara (Yamauchi 1990). Aomame is 
men世oned in theEngishi衍， a guide to the conduct of govemment and religious affairs publíshed during 
the Heian period in 927 A.D. (Igata 1977). Later, cultivation methods for vegetable soybean were 
publíshed in the以沁k，A Complete Book ofFarming (NogakuZensho) publishedin 1697 (Goωh 1984). 

Until the modem cash crop era, there was little demand or selectíon press叮e for vegetable-type 
soyb臼ns， exceptωserve the needs of specíal urban and aristocratic populations. However, the selection 
of soybean land races for good vegetable qualíties occurred gradually over the centuries. 

In Japan, the earliest forms of immature vegetable soybeans were called eda-nari-mame (branch­
金山ng-b臼n)oraze翩翩(rice-bund-bean)andwereprobablynotwelldístinguíshedbythecharacteristic
sweet, savory flavor of current edamame until the Kamakura period (1192-1336) or later, when they 
became part of Buddhíst cuisine. By the míddle Edo period, vegetable soybean harvest had advanced 
from October to August and farmers' wives began selling boiled stems with attached pods on the streets 
of Edo (early Tokyo) , particularly during 也e Festival of the Dead (Obon) ín August. At that time, 
vegetable soybean began being used 的 it is used today , i.e. as a snack food , .hor d'也uvre ， or appetiz仗，
usually with alcohol consumption, which explains one of its English nicknames: Beer Bean. 

τ'he dramatic increase in affluence and beer consumption following the Meiji Restoration in 1868 
can be partially at住ibuted to the large也ale import of Europe叫做hnology ， including G色rman
technology for beer production. The culture which centered around drinking and snacking expanded, 
creating a strong demand for vegetable soybeans. The saltiness of the beans is thought 的 betheperf巴ct
complement to beer. The increase in vegetable soybean consumption resulted in it gaining the attention 
ofagric叫tural and f，∞d scientis俗， and the development of over 4∞ varieties. Vegetable soybean h部
now become so dístinct from soybeans in the minds of urban consumers that most do not recognize it 
as the same species as soybeans. 

Wi也 that short introductionωthe histo叮 ofedamame，也e rernainder of this paper will attemptω 
analyze the changes in vegetable soybean production，也mand， and research that have occurred in J apan 
d盯ing this cent叮y and discuss research directions where constraints are occurring. 

Trends in Production and Demand 
Demand for vegetable soybean in Japan is thought ωhave evolved through four phases in society, 

inaddítion ωits routine use by farm families (Konovsky et al. 1991) . 甘le first was as a sacred offering 
to the K ami during the N ara period (S hinse n), the second as a fl∞d for relígious p叮ification during the 
~amak叮a period (Shojin Ryon) , the third as popular s住自t fare among the Samurai during the Edo 
period, and the fourth , after the Meiji Restoration in 1868, when it became the most popular 
accompaniment for beer. As mentioned 甜甜仗， the meteoric rise in vegetable soybean consumption 
closely parallels the increase in beer consumption because of the complementa可 nat叮'e of the saltiness 
of vegetable soybean and the taste of beer (Fig. 1). 
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Flg. 1. Beer sales in Japan. 

甘le second major impetusωvegetable soybean production w扭曲e spread of re師geration， frrstω 
the commercial sector, especially to bars and beer gardens in the post-war period, and later to the 
residential sector in the late 1960s and early 1970s when household refrigerators became widely used. 
The commercia1 sector currently uses about 65% of frozen vegetable soybean, while the residential 
sector uses about 35% (Mitsubishi Corporation 1989). The year-round consumption of vegetable 
soyb臼nh扭扭cr個sed in line wi自由e growing popularity of frozen foods in general. 

A currentm吋or impetus to the use of frozen vegetable soybean is the changing role of women in 
Japan. More than half of all Japanese women are now employed outside of the home, and are 曲的
becoming more unwi1ling and unable to prepare elaborate mea1s from basic ingredients. This situation, 
a10ng wi血 grea臼r affluence, has gr位tly increased the appea1 of convenience foods. Both prec∞ked 
frozen and delicatessen-prepared vegetable soybean are products of considerable grow血 poten位a1.

Frozen vegetable soybean is thought to have been marketed in Japan after W orld War 11, but large­
scaledis出bution did not begin un凶 1965 (JapanExtβmal Trade Association 1983), about the time the 
Minis的， of Agricultu兒， Forestry, and Fisheries began keeping formal production statistics for 
vegetable soybean. Production in Taiwan began around 1966, when severa1 large, Japanese trading 
companies introduced it 扭曲 export crop, and exports to Japan began around 1972ιiu and 
Shanmugasundaram 1982). 

Japanese production statistics from 1946 to 1988 are presented in Fig. 2. Tota1 domestic production 
of vegetable soybean pods has gradually increased from 30，1∞ t in 1946 to a peak of121 ,900 t in 1982. 
After a second p個k of 120,100 t in 1984, production has fallen. In 1988, production ofpods dropped 
to a decade low of 105,000 t because of an unusually cold growing 閻部on (Tohoku Agricult叮a1
Experiment Station 1990). Interestingly enough, yields were highest in 1969 verging on 10 仙a， and 
dropped to a low of 7 .3 νha in 1988. Yields in the early post-World War 11 years were 4-5 的la.

甘le fluctua泣。n in yield can probably be explained by two changes in the crop management system. 
After the end ofWorld War 11, the increased use of chemica1 fertilizers continually boosted yields ω 
their 1969 peak. During these y臼rs， most vegetable soybean was planted in fields and harvested in 
August and September. Now, much of the vegetable soybean is planted in plastic mu1ch production 
systems using vinyl tunnels to cover 出e plants in early spring. Using such systems, harvest can begin 
as early as the end of May. 
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τ'he advancemeq_t of the growing season allows farmers ωtake advantage of higher wholesale prices 
for vegetable soyb臼n in May and J une. For example, in 1989 the price of vegetable soybean was 1033 
yen/k:g in May, 830 yen/k:g in June, and only 519 yen/k:g in September (1 US$ =146苦血 1989) (Tokyo 
Wholesale Market Statistics 1990). However, while r~eiving a higher price for early production and 
harvest, the yields 紅e lower. The environmental stress placed on the plants because of the c∞ler 
growing temperat叮es decreases the size and number of vegetable soybean po也.

Future production 甘en也 for vegetable soyb個n in J apan are hardωpredict.甘lere are two opposing 
forces at work. As is well known, farming in Japan, particularly land and labor, is expensive, small­
scale, and labor-intensive with a declining agric叫turallabor force. 甘lese facts make it impossible for 
domestic production to keep pace with 此 price of imports. 

Agriculturalland is being converted to other uses, and total domestic agriculture production is falling. 
However, the greatest pressure is on rice production. World leaders are pressuring J apan to open its rice 
market to imports , but Japan still produces a s叮plus of rice. To solve this discrepan句， wherever 
possible, rice paddies 訂e being actively converted ωupland crops through progr紅ns sponsored by the 
Minis甘y of Agriculture, Fores旬， and Fisheries and Prefectural Departments of Agriculture (s臼 Ota
1976a,b,c). 

Vegetable soybean is a high-priced commodity and a favorite choice of farmers when converting 
their paddy fields to upland crops. The opposing forces of (1) inability to compete and (2) conversion 
to upland crops will probably balance each other out, and vegetable soybean production wi1l remain 
stable for the fresh produce in the near future. 

Although statistics on demand are unavailable, vegetable soybean buyers from m句or supermarket 
chains and trad泊g companies insist there is currently about a 10，0∞ t gap between production and 
demand. Supermarkets and trading companies feel they could sell about 10,000 t more frozen vegetable 
soybean than they have available. The growing affluence of Japanese consumers is likely ωenlarge the 
gap, since vegetable soyb開n is the perfect, healthy fast food! 

In spite of rumors of the Americanization of the Japan巴se diet, traditional foods like vegetable 
soyb臼n remain popular even among younger consumers (J ussaume 1989; Cook 1988). If production 
remains stable in Japan and Taiwan cannot supply more vegetable soybean at a reasonable cost, 
Japanese vegetable soybean buyers will be forced to look to oth巴r countries like China, Thailand, New 
Zealand, and the United States to fi1l the already existing demand. If vegetable soybean production falls 
in J apan or Taiwan, or affluence further increases demand in J apan, other countries producing vegetable 
soybean wi1l have an even larger market available. 
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Trends in Research 

Konovsky et al. (1991) have reviewed more than 160 Japanese publications conceming vegetable 
soybean concentrating on the period from 1970 to the present. Although space does not permit a review 
ofall 出e papers here, a complete list is presented in the bibliography. 

More than 120 of the articles are in scientific joumals dating from 1921 to the present (fewer 白血
five articl臼 per year until the 1980s and 1990s). Most research reports about vegetable soybean are 
published injoumals such asDaizu Geppo, Engei GakkαiTaikaiKenkyuHαppyo Yoshi, Engei Gαkkai 
Zasshi, lkushugaku Zasshi, Niigαta no Engei, Nogyo Gijutsu Taikei, Tohoku Nogyo Kenkyu, Tropical 
Agricultural Research Series, Yasai Engei Gijutsu and numerous other joumals oflimited distribution. 

In general, these 160 res臼rch 位ticl臼 and publications can be categorized into seven research 訂閱s:
agronomy (crop management) (37%), biochemis叮 (15%) ， bre吋ing and germpl部m (12%) , harvesting 
and processing (12%), statistics and marketing (12%), plant physiology (9駒， and plant pa血ology
(3%). A short review ofnotable papers and research 住ends in each categ。可 follows.

Agr onomy 

Research on crop management has been summarized by Kono (1986, 1988), Hagiya (1987), 
Kobayashi (1 978), and Sawaji (1971). Production in the cool climate ofHokkaido has been reviewed 
by Sunada (1986) and Ishioka (1985) and vegetable soybean seed production is reviewed by Ono 
(1989). Research has focused on the advancement of the growing season by use of transplants, pl部位c
mulches, and vinyl tunnels over 血e plants (Ono 1988a; Watanabe 1988a,b), determining optimum 
application of nitrogen (Tamada et al. 1990; Kobayashi et al. 1989; Kikuchi and Hatakeyama 1988), 
analyzing the effect of plant density on pod color and finding that the more su叫ight that directly struck 
the pods, the 也rker the pods were at harvest (Chiba et al. 1989), growing vegetable soybean under 
special cultural conditions such as in the winter in CO 2 -enriched greenhouses (see Sato 1983; S ato and 
Takahashi 1984) and where the water supply is contaminated with s甜wa伽(Nukayaetal. I977 ， 1981 ，

1982a,b). 

Biochemistry and plant physiology 

Several research groups have investigated the relationship between chemical composition and 
flavor. The earliestresearch was by Muramatsu (1924) and S位kietal. (1931); M品uda (1989) reviewed 
recent research. Generally, consumers liked vegetable soybean that had higher sucrose, glutamic acid, 
and alanine contents. Konovsky (199的 found that consumers may fall into two groups. 01der ones may 
prefer vegetable soybean with high alanine content 個d younger consumers may prefer vegetable 
soybean with high sucrose and low a1anine contents. The results are interesting because alanine has a 
sweet taste, just like sucrose (Kubota 1972). 

Researchers have also looked at the developmen ta1 changes in sucrose and amino acid content 
阱包suda 1989), changes in aromatic components of出est晶m that is produced while boiling vegetable 
soyb個n (Sugawara et al. 1988), and two negative components of taste and quality-trypsin inhibiωrs 
and lipoxygenase (M品uda 1989, Tanimura et al. 1980, Matoba et al. 1985, Yoshioka 1991). 

Breeding and germplasm 

In this 訂閱， researchers have studied the variation among vegetable soybean and soybean varieti臼
for water absorption, protein content. starch, and sugar content (Ak位awa and Sasahara 1988; 
1990a丸c; 1991), looked at isozyme v訂泊位on among early-maturing soybean and vegetable soybean 
varieties from Hokkaido, Tohoku, and Kyushu (Abe et al. 1990, 1991; Hirata et al. 1991), analy起d血e
genetics of the sugar content of vegetable soybean (Uzawa 1986; U羽wa et al. 1987), the pigments 
(Nagai 1921; Terao and Nakatomi 1929; Yoshikur這個d Hamaguchi 1969)，認eds/仰d and leaf shape 
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(Tak晶晶hi 1934), and inheritance in soy b間的(Nagai 1926) was completed in J apan. 百le臼rlyresearch

provided the basic information for br，白白的 ωdevelop varieties of soyb闊的 that were superior for 
consump位on as vegetable soybean. 

A number of research groups have run variety 出als. By far the most extensive trials have been run 
at the Tokachi Agricultural Experiment Station (1969, 1981 , 1988) in Obihiro, Hokkaido. In a more 
southern location, a variety 出alw也 C紅ried out by Takal1ashi and Sato (1983) in Kanagawa Prefecture. 
The earliest published variety trial evaluated 24 varieties in Yamagata Prefecture (Kouda 1934); Suzuki 
followed up with the publication of a similar evaluation of 19 varieties in 1984. Saito and Osanai (1979) , 
Takai (1989) , and annual editions of New Vegetable Varieties (Sosai no Shinhinshu) published by the 
Japanese Horticultural Production Research Center (Nippon Engei Seisan Kenkyujo) have reviewed in 
detail charactβristics of new or prominent vegetable soybean varieties. 

Konovsky et al. (1991) have publish吋 the most recent review of the characteristics and pedigrees 
of the most popular vegetable soybean varieties currently grown in J apan. Their names and pedigrees 
are presented in Fig. 3 and described below: 

Ezomidori Line. GREEN 75-1985 MAFF Registration #715 (閱rlier maturing mutation of 
Ezomidori): it has extremely 1紅ge seeds and pods, especially for such an 個rly-maturing variety, but 
moderate yields (JHPRC 9:110; MAFF 1990; Takai 1989; JSTA 1987). 

羽'asemidori Line. SAPPORO-MIDORI-1974 MAFF Trademark #263 (KogenmidorixHokuiku 
1): it is the most popular variety for fresh market, early production because of its good taste, large seeds 
(foranearlyvariety),anddarkgreenpods.Inspiteofitspopularityforearlyproduction,Sapporo-midori 
germinates poorly under cool conditions σHPRC 7:76; Masuda 1989; TAES 1988; JSTA 1987). 

Sakhalin Lineage. KITANOSUZU-1986 MAFF Registration #1137 (ToyosuzuxHakucho): it 
withstands temperat叮es住ess better than other varie泣的， yields ve可 well， especially in fertile soil, and 
hasdarkgre巴n pods, but tl1e pod profile is slimmer than Sapporo-midori (Snow Brand Seed Co.; JHPRC 
9:102; MAFF 1990; Takai 1989). (Incidentally, Hakucho is an earlier maturing selection from Osode­
furi still used for commercial production and as a parent in hybridization programs (Tokita Seed Co.; 
Masuda 1989; Kono 1986; Nishi 1986).) 

Okuhara Line.τ'ENGAMINE-1985 (OkuharaxShiroge Line):. it has high sucrose and glutamic 
acid content, large seeds, and sparse pubescence, but light green pod color and moderate yields (JHPRC 
10:87; Konovsky 1990; JSTA 1987). Shiroge is a word 也at designates any pedigr臼 with whitβ 

pubescence (Kono 1986; Nishi 1986); in this case, a shiroge variety was crossed witl1 Okuhara to de­
velop a similar variety, but with white rather tl1an brown pubescence. 

Tzurunoko-Osodefuri Lineage. KARIKACHI 1, 2, or 3-1976,84,86: (selection from Toya): it 
combines the best qualities of Tzurunoko and Osodefuri with maturity n臼rer to Osodefuri and days 
ahead of Tzurunoko. Karikachi 3 is more disease-resistant than the earlier releases (Tokita Seed Co.; 
JHPRC 8:95; JSTA 1987). (Tzurunokoisafall variety出at is favored for production of frozen edarname 
because of its large, two- to 出ree-s自由d pods tl1at turn dark green after blanching and freezing, and 
Osodefuri is noted for its excellent flavor (Masuda 1989; T AES 1988; Kono 1986; Nishi 1986).) A note 
of caution: this variety was developed by Tokita Seed Co. and fIrst released in 1976; it is not to be 
confused witl1 a release in 1959 by the Tokachi Agricultural Experiment S tation in Hokkaido of a variety 
of soybean called Karikachi. 

Osodefyri Line. FUKURA-1977 (sel此tion from Raicho): it is often used 部 a research standard 
(see Chiba et al. 1989; Kiuchi et al. 1989)ωcompare with new, earlier maturing varieties because of 
its overall high quality (Kaneko Seed Co.; JSTA 1987). (Shir句ishi has a pedigree simil紅 to Fukura, but 
matures much earlier (T拉拉 S自d Co.).) 
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Flg. 3. Pedigrees of popular vegetable soybean varieties currently grown in Japan. 
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Tzurunoko Line. SA Y M征JSm.且一一awaiting MAFF registration (Sapporomidori x Yuzuru): like 
i心 relative， Tzurunoko, it is noted for its many 呵呵 dark，出r臼-seeded pods and long harvest period, 
but it mat叮叮 several days 臼rlier 血an Tzurunoko (Snow Brand Seed Co.). 

Osodefuri吊Tasemidori Lineage. YUKIMUSUME-1977 MAFF trademark #322 
(HakuchoxHokuiku 1): it has man y branches leading to high yields of fairly large pods and its Osodefuri 
lineage ensures good f1avor; growers considerit the best of the medium-maturing varieties (Snow Brand 
Seed Co.; JHPRC 7:76; Masuda 1989; TAES 1988; JSTA 1987). 

Mikawashima Line. 扎位KAWAS血MA-public variety (Kanto Land Race): an intermediate 
edamamev紅iety 出at produces many 出ree-seeded pods, but is proneωlodging because of its viney 
grow曲。-ITAR 1990; Masuda 1989; Kono 1986). 

Kinshu Line. K的SHU-public variety (Aomori Land Race): a fall edamame that is frequently 
used品 a standard for later mat叮ingvarieti臼 because of its overall good quality (Musashino Seed Co.; 
Snow Brand Seed Co.; Iwate Agricultural Experiment Station; NIAR 1990). 

Extensive collection of land races in the Tohoku region of Japan was conducted in the 1950s and 
resulted in the publication of a report detailing the characteristics of 237 accessions from Iwate 
Prefecture alone 研位nis昀 of Agriculture and Fores旬 1957); many more were collected in Aomori, 
Aki徊， Yamaga訟， Fukushima, and Miyagi Prefectures. Later, Kiuchiet al. (1987), working at 血eIwate
Agricultural Experiment Station, collected another 400 land races from nearby farmers and evaluated 
them for simple morphological characteristics. Watanabe and N agasawa (1990a,b; 1988) focused their 
research on morphology and biωhemistry and compared the chemical composi位on of soybean land 
races and several vegetable soybean accessions. 

Most of the vegetable soybean germplasm in Japan is distributed between'three collections: at the 
National Institutβof Agrobiological Resources in Tsukuba, at the Kariwano Laboratory of the Tohoku 
National Agricultural Experiment Station in Akita Prefecture, and at the Tokachi Agricultural 
Experiment Station in Hokkaido (Kaizuma 1976). Samples are available from NIAR at Tsukuba, but 
difficult ωobtain 企om Kariwano or Tokachi. 

Harvesting and processing 

M品uda (1989) also reviewed information on pos血紅vest decline in quality and ways to limit 
deterioration. For examp峙， researchers have studied the sucrose present in vegetable soybean seeds 
wi血in 24 hours after harvest (Chibaand Yaegashi 1988; Mori et al. 1976a,b; Iwata and Shirahata 1979; 
A垣moωandKuroda 1981; 1 wata et al. 1982; Fukushima and Takada 1983), the sugar content of hand­
harvested pods comparedωmachine-harvested pods (Abe and Okuda 1986; Abe et al. 1985) and the 
c∞ling of pods on suαose and amino acid content (Matsui et al. 1980). 

Statistics and marketing 

The statistics cited in 也e section entitled, Trends in Production and Demand, come from thr臼
sources-the annual Statistical Yearbook ofthe Minis的I of Agriculture , Forestry. and Fisheries (for 
example, see Minis昀 of Agricult叮e， Fores甘y and Fisheries 1991), the monthly ta11y of exports and 
imports and annual summary calledJapan Exports & Imports publishedin January by the Japan Tariff 
Association (forexampl亡， see J apan Tariff Association 1991), and statistics published by the Prefectural 
De仰的lents of Agriculture (for ex肌肉， see Iwate Prefecture Dep紅tment of Agricult的 1990， 1989;
Yamagata Prefecture Department of Agric叫ture 1989; Nügata Prefecture Department of Agriculture 
1990; Agriculture Hokkaido 1990). In addition, Masuda (1989) gives a succinct summary of current 
market conditions. 
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Plant pathology 
Very little research has been carried out on diseases in vegetable soybean. Most of the infonnation 

is gleaned from research on grain soybeans. Kono (1986, 1988) gives a general review; Shimizu and 
Kimura (1987) review nutritional deficiencies in soybeans and vegetable soybean; and Akai (1988) 
reviews plant diseases of soybeans including vegetable soybean. A single article by Suwa et al. (1986) 
reports on experiments ωanalyze the most effective control of a disease, in this case verticillium wilt 
in plastic mulched beds. 

Research Information 

In general, accessωinfonnation about vegetable soybean research in Japan is restricted ω 
researchers who are fluent in J apanese. Infonnation can even be difficult fornative scientists to procure. 
First, libraries are one of the weakest links in the Japanese research system. Very little govemment 
support is givenωlibraries and very few universities have a centralized libr;紅y. Mostb∞kandjo叮nal
collections are scat伽吋 among labs and departments, and most collections of individual joumals are 
incomplete. Thus, the hisωrital documentation of research is ex宜emely difficult, and nearly impossible 
for som切的 outside of Japan. Japanese researchers are under little press盯e to publish, so research 
reports usually emerge slowly or not at all. However, infonnation about cu口'ent research does flow 
through the network of researcher affiliations and frequent regional and national meetings. 

When we began compiling 出e bibliography published with this paper, every researcher questioned 
in Japan said there were no reports available on vegetable soybean research. While 160 reports in 70 
Y臼rsisa ve可 sm到lnumb哎， the amount of research completed on vegetable soybean is not well known 
ev巴n in Japan. 

Japanese researchers can easily tap Westem soybean research 出rough widely distributed abstracts 
such as Soybean Abstracts, Biological Abstrac訟， and computer database services such as DIALOG, but 
ve可 few vegetable soyb個n reports are indexed in intemational databases such as AGRIS Intemational. 
For example, fewer than 10 of the articles in the bibliography showed up on the database searches; most 
articl自 were gleaned企om Japanese Agricultural Scienceslndex (NipponNogakuBunkenKij iSakuin), 
an annual Japanese publica位on available at some libraries. 前le mentality of res住icting accessω 
infonnation and gennplasm in J apan even inlíibits research 加 Japan and gives a p∞rimage ωther閃t
of the world. 

At the same time, most Westem libraries and researchers are seriously at fault for not making a 
S住onger effort 10 collect and understand Japanese research litβrature. Often the accomplishments of 
Japanese scientists go unrecognized for y甜的 or decades in the West. The proceedings of this meeting 
will be welcomed by soybean researchers in many countries and will expand the use of vegetable 
soybeans to all pωples of the world. 

Apparent Research Needs 

In spite of all the excellent research on edamame in Jap甜， the general opinion among older 
consumers inJ apan is that the taste of vegetable soybean has gotten worse as it has been commericalized. 
As numerous Japanese research reports have shown, the quality of unproces~ed vegetable soybean 
declines rapidly at nonnal summer temperatures , losing much of its appeal aftβr24-48ho叮s，目P臼ially
for 台ee pods. Thus, while quality in the field is high, much is lost by the time the inefficient 
缸ansportation and intennediary system delivers it to the consumer. As with most commodities, the 
application of research results lags far behind research, as do the practical means for that application. 

It could be argued that the c∞ked vegetable soyb胡n peddled by farm個g women through the streets 
of Edo over a cen胞可 ago tasted as good or bettβr than existing products, although the Edo product 
lacked the improvements made by recent varietal selection. In曲is siωa且on， more emphasis should be 



Lumpkin and Konovsky 129 

pIaced on the difficult task of development of improved production, harvesting, processing, transportation 
and marketing systems，詛 addition to the research are品 discussed below. 

Agronomy 

The research to date on the relationship between crop managementand quality is at best prelimin紅y.
No conclusive answers are available to questions like: what挖出e influence of planting date and density 
on pod color and seeds.加d? Dovege帥lesoybe肌肉的respond differently in temperate and tropical 
environments? What effect does rate and timing of nitrogen application have on seed weight, pod color, 
and sucrose content? How do different vegetable soyb臼n varieties vary in response to changes in crop 
management? Can the vegetable soyb臼n stems, leaves, unfilled pods be part of an integrated fodder/ 
siIage systβm? can single-seeded pods be shelled for sale 品 a separate product? 

Biochemistry and plant physiology 

官le most fundamen ta1 unanswered question about vegetable soyb個n is how do vegetable soybean 
varieties differ from gra泊 soybean varieties? Is there a physiological difference beyond the common 
distinction made by seed weight? Many theories abound, but there is little evidenceωsupport any of 
出em. Akazawa and Sasahara (199Oc) determined that vegetable soybean varieties had higher sug訂
levels than soybean varieties. This is caused by the higher .concen虹ation of abscissic acid (ABA) in 
large-seeded genotypes and血e relationship be御自n ABA, enlarged petiole s泣e， and increased sucrose 
up個ke by the developing seeds (Schussler et al. 1984). Researchers at A VRDC report that vegetable 
soybean varieties tend to have more podless terminal nodes (S. Shanmugasundaram, A VRDC. pers. 
comm.) and vegetable soybean varieties are known to be more susceptible to pod shatter; both these 
fac的 might also be related ωABA concentration. Are ABA-mediated biochemical pathways and 
concentrations different between vegetable soybean and soyb值的

A second line of research concems flavor. The reIationship between consumer preference for taste 
and chemical com position of the seeds n自由 more exact characterization. Are alanine and sucrose the 
most important? Does consumer preference vary? Do aromatic components like jasmone play a role 
in flavor? Once we understand the relationships, breeding targets can be developed to enhance the taste 
of vegetable soybean. Poor flavor is 出e number one complaint among J apanese consumers (Yamauchi 
1990), so work on 也is question is ve可 important

Negative flavo的 and the activity of lipoxygenase at the vegetable soybean stage of development are 
not well understood. Is their activity great enough to produce beany flavors that detract from the sw臼t
andsav。可 flavorof vegetable soyb闊的 With the development of null alleles for all three lipoxygenase 
genes ， br自由rs mustdetermine the benefits to be gained from the time-consuming introduction ofthose 
genes into vegetable soybean v位ieties.

Breeding and germplasm 

百le genetics of protein and oil are well researched (for example, s臼 Kaizuma and Fukui 1972), but 
ve可 little is known about the genetics and physiology of sucrose production. First, heritabilities need 
to be reassessed, the genes responsible need to be isolated, and biochemical pathways of utilization 
cIarified. With that information, breeders will be able to develop new, super-sweet varieties of vegetable 
soybean more easily and those new varieties might have even wider consumer appeal. In addition, basic 
research on sucrose content would be welcomed among soybean researchers and help them to better 
understand the general metabolism of the soybean plant. 

The second priority for research is the collection and characterization of the remaining soybean and 
vegetable soyb開n land races in northem J apan and the eastem coast of the S oviet U nion. As agriculture 
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modemizes in these regions, land races are being lost. It is imperativeωcollect what remains, and 
characterize it for usefulness to vegetable soyb臼n and soybean breeding programs. The region is best 
known for its cool climate, and land races collect巴dhere have been essential in the development of cold 
tolerant vegetable soyb開n and soybean varieties. In addition, accessions already in the Japanese 
collections at Tokachi and Kariwano need ωbe made available ωresearchers around the world. 

Harvesting and processing 

The most difficult problem facing growers is deciding when to harvest vegetable soyb開n. Whatsort 
of technical information can a grower gather to help decide when to harvest? No easy system exists. 
Research is n臼ded on using the pod width-seed width ratio, moisture content, sugar content, and pod 
thickness methods of determining the best harvest date to develop simple technology that all farmers 
can afford and use. 

Second， ωcontrol production co呦， methods of mechanically harvesting vegetable soybean need ω 
be refined. If harvesters can be developed 血at do not drop, bruise, or break po曲， the technology can 
replace expensive hand labor. 

Plant pathology 

Most of the research on vegetable soybean has focused on quality. Little attention has been paidω 
pests. A future challenge will be to develop vegetable soybean lines thatare virus- and disease-resistant. 
As vegetable soybean production spr開ds around the world, more pests will be encountβred and the 
demand for resistance will grow. Sometimes the solution may be as simple as crossing a resistant 
soybean line with a well accepted vegetable soyb臼n line, and then backcrossing to recover the original 
genotype. However, the peculiar demands for quality of vegetable soyb個n might force breeders to 
search for other sources of resistance 曲的 do not detract 企om quality, but at 血e same time protect the 
plants from pathogens. 

Conclusion 
In conclusion, while more research has been conducted on vegetable soybean in Japan than in any 

othercoun釘y in the world, significant improvements are needed and many problems remain. Vegetable 
soybean is a minor crop and has received very little attention from the agricultural research community. 
However巾ecause it is an easily grown, healthy fast food , it will continue to grow in popularity in J apan 
and elsewhere. Although crop management practic((s that produce the best flavor, appearance, and yield 
of vegetable soybeans vary from location to location b此削弱 of climate and gωgraphy， c∞lperation 
amongthep紅白ipants in this workshop can speed the development of a significant information base 
on the production and proc臼singof vegetable soyb個n that will be useful to producers around the world. 
Vegetable soybean researchers need to help this vegetable emerge from isolation in East Asia and 
become an important vegetable of global significance. 

Acknowledgments 
Most of the following bibliography w部 collected and the articles 回nslated while J ohn Konovsky 

was a Fulbright Fellow at Iwate University in 1990; special thanks goω Dr. 'N. Kaizuma at Iwate 
University for his guidance. 

Bibliography 
A恤， I., and Okuda, Y. 1986. Maintaining freshness in machine harvest吋 edam位ne (Kikai da以于oedamameno

sendo hoji gijutsu ni 卸nsuru kenkyu). Engei Ga紡aiTai的iKen勾luH中'Pyo Yoshi (Horticultural Symposium 
Abstracts) Spring S61 , 466-67. 



Lumplån and Konovsky 131 
A恤，1.， Okuda，了， Iwata, T., and Chachin, K. 1985. Maintaining freshness in machine harvested edamame (Kikai 

da峙10 ed翩翩e no sendo hoji gijutsu ni 但nsuru kenlcyu). Engei Gakkai Tai如i Kenk于u H appyo Yoshi 
(Horticultural Symposium Abstracts) Fall S60, 494-95. 

Abe, J., Hirata, T., and Shimamoω， Y. 1990. Iso勾medi丘'erentiation in native soybean cultivars from different 
regions of Hokkaido. lkushugaku Zasshi (JJ Breeding) 40 (Bessatsu 2) , 360-61. 

1991. Dimorphism and origin of native soybeans with extremely early maturity in Hokkaido. lkushugaku 
Zasshi (JJ Bre巴ding) 41 (Bessatsu 1), 482-83. 

Agriculture Hokkaido. 1990. Hokkaido Vegetable Map 阱。以aido Yasai Chizu). Hokkaido Nogyo Kyodo Kumiai 
Chuokai and HokurenNogyo Kyodo Kumiai Reng。如i， Sapporo. 

Agriculture Niigata-Horticulture Division. 1988a. Improving the market for edamame this y臼I (Kotoshi wa kou 
susumetai edamame no hanbai taisaku). Niigata no Engei (Niigata Horticulture), 3, 22-23. 

1988b. Investigation of edamame production-from a marketing standpoint (EdaJ叩'me zukuri sotenken-­
hanbaimen 如ra). Niigata no Engei (Niigata Horticulture), 3, 13-16. 

1990. Brand n位nes: how to improve edamame 也is year (Burando hinmoku: kotoshi kou susumetai­
edamaJne). Niigata no Engei (Niigata Horticulture), 3, 11. 

Aichi Prefecture Agricultural Research Center. 1981. Investigations on 企eezing green vegetables 1: Freezing 
edamame (Ryokusho郎 yasai no toketsu chozo ni kansuru shiken 1: Edamame no toketsu chozo shiken). Aichi­
ken Nogyo Sogo Ken句lusho Nosanbutsu Ryutsu S.hiyo Seisekisho, S55, 122-123. 

Aichi Prefecture Horticultural History Association. 1981. Oth位beans (Sono Hoka Mænerui). Page 3701n: Aichi­
ken Engei Hattasu Shihen San如i， History of Horticulture in Aichi Prefecture: vegetables (Aichi拉n Engei 
Hattatsushi: yasaihen). Aichi Prefectur，巴， Nagoya 

Ak缸， J. 1988. Soybeans (Daizu). Pages 108-17 ln: Kishi, K. (ed.), Plant Diseases in Japan (Sakumotsu Byogai 
Jiten). Zenkoku Noson Kyoi卸的。徊， Tokyo. 

Ak位awa， T., and Sasah位a， T. 1988. Genetical studies on the quality of green soybeans 1: Correlations between 
water absorption characteristics of ripened soybean grains . lkushugaku Zasshi (JJ Breeding) 37 (Bessatsu 2), 
240-41. 

1990a. Differences of water absorption characteristics of ripened seeds of edamame (green soybean) and 
soybean cultivars. lkushugaku Zasshi (JJ Breeding)，的， 349-59 .

1990b. Genetical studies on the quality of green soybe位15 2: Varietal difference of seed protein in green 
soybeans. lkushugaku Zasshi (JJ Breeding) 40 (Bessatsu 1), 494目的.

1990c. Genetical studies on 血e quality of green soybeans 3: Varietal differences of sugar ∞ntent in green 
and ordinary soybean seeds. lkushugaku Zasshi (JJ Breeding) 40 (Bessatsu 2), 226-27. 

1991. Genetical studies on the quality of green soybeans 4: Varietal diff位ences of starch and nitrogen content 
泊 green and ordinary soybean seeds with reference to maturing stage. lkushugaku Zasshi (JJ Bre巴ding) 41 
(Bessatsu 1), 238-39. 

Akimoto, K., and Kuroda, S. 1981. Quality of green soybe訂15 packaged in perforated PE/pP film. Engei Gak.臼i
Zasshi (JJ Horticulture), 50, 100-07. 

Aoba, T.1956. Thespecial 區nds ofvegetables in Shonai, Yamagata Prefecture 7) edible soybean, dadachamame 
(S honai tokunai sosai η dadachamaJne). Yamagata但nNorinGakkaiho (Y amagata Agriculture Symposium), 
10, 5-10. 

Aoki, H., and Ito, K. 1979. C∞king and Soybeans (Chori to Daizu). Ga統en Shoin, Tokyo. 

Ban'恤，且， T扭曲nura， Y吋 and Matsukawa, 1. 1986. Breeding for resistance to soybean dwarf virus in soybeans. 
Tropical Agriculture Research Series, 19, 236-46. 

Chiba，玄， and Muto, K. 1987. An effective pre-∞oling method for vegetables in the small-scale cooling room. 
TohokuNogyo Ken勾u (Tohoku Agricultural ResωIch)， 40, 335-36. 



132 Lumpkin and Konovsky 

Chiba, Y叮 andYaegas凶， S.1988. Qua1itychangeofgreensoybeans afterharvest. TohokuNogyoKen句u (Tohoku

Agricultural Research), 41 , 287-88. 

Chiba，笠， Yaegashi, S., and Sato, H. 1989. Cultivation method of green soybean 1: E佐'ect ofpl扭曲19 density on 
qua1ity and yield. Tohoku Nogyo Ken勾u (Tohoku Agricultura1 Research)，的， 279-80.

Cook, A.K. 1988. The Evolution of Japanese Food Spending Patterns: 1963-1984. Washingωn State University 
IMP ACT Center Report 26. 

Fukushima，虫， and T akada, T. 1983. The influence on edamame of excising the leaves and roots (H a, ne no setsujo 
ga edamame no seibun ni oyobosu ei勾0). Engei G峙的i Taikai Ken旬IU H中'pyo Y oshi (Horticultura1 
Symposium Abstracts) FaU S58, 474-75. 

Furuda, M., and Akegawa, T. 1978. The influence of blanching on frozen edamame varieties (Reito edamame no 
hinshu ni oyobosu buranchingu no eik子0). Niigata-ken Shokuhin Kenk于u Hokoku (Niigata Food Research), 15, 
9-15. 

Furusawa, F. 1984. Zunda mochi. Page 206 In: F. Furusawa (ed.), 1wate Foods (Kikisho Iwate no Shokujl). 
Nosangyo Bun但 Kyo何人 Tokyo.

Gotoh, K. 1984. Historica1 review of soybean cultivation in Japan. Tropica1 Agriculture Research Series, 17, 135-
42. 

Hagiya, H. 1987. Edamame. In: 1to, T. (ed.), Vegetable Crop Management (Yasai no Saibai Gijutsu). Seibundo 
Shinkosha , Tokyo, 424-32. 

Hatakeyama, S. , and Moic划， S. 1987. Culture of green soybeans in the northern 位'ea ofIwate Prefecture 1: The 
growth and yield 甘aits in different cropping seasons. Tohoku Nogyo Ken勾IU (Tohoku Agricultura1 R臼earch)，
40, 297-98. 

Hatakeyama, T. 1988. Han訂naki's new crop--edamame--becomes a major commodity (Hanbai yasai no 
shuryoku hinm。如 ni seicho suru Hanamaki-shi no tensaku e血mame). y，ωai Engei Giju山 (Horticultura1

Vegetable Production), 11 , 63-64. 

Hayashi，玄， and Ariyama, H. 1960. Studies on pu1ses us吋 as food in Japan. Toh。如 Nogyo Ken勾IU (Tohoku 
Agricultura1 Research), 11 , 171-85. 

Hirata, T., Abe, 1., and Shimamoto, Y. 1991. Isozyme and differentiation in land races of soybe缸lS in Japan. 
Ikushugaku Zasshi (JJ Breeding) 41 (Bessatsu 1), 48Cl-81. 

Ho, P.T. 1974. The Cradleofthe East: aninquiry 血to the indigenous origirlS of techniques and ideas of N間lithic
and early historic China, 50∞-1000BC. University of Chicago, Chicago. 

Honda, K. 1987. Compensationa1 response of soybeansωthe inlmature pod injury caus吋 by stink bugs. T ohoku 
NogyoKen勾u (Tohoku Agricultura1 Research), 40, 137-38. 

Hoshikawa, K. 1983. Soybeans. Volume 7, Page 239 In: K。“nsha (ed.), Encyclopedia of Japan. Kodansha 
In個nationa1， To勾吼

Hoshino, T. 1988. Edamame inNiigata Prefecture (Niigata no edamame). Daizu Geppo (SoybeanMonthly), 153, 
10-13. 

Hymowitz, T., and Kaizuma, N. 1981. Soybean seed protein electrophoresis profùes 企om 15 Asian countries or 
regions: hypotheses on paths of dissernination of soybe也lS企om China. Econornic Botany, 35, 10-23. 

Hyogo Prefecture Centra1 Agricultura1 Center. 1988. On the quality and harvest位ming of black soybeans used for 
edamame (Kurodaizu edamame no shu郎郎ki to hinshitsu ni tsuite). Hyogo-ken Chuo Nogyo Gijutsu Senta 
Ryutsu Shiyo ni Kansuru Shiken Ken勾u Seiseki Gaiyo S63, 53-54. 

19at且， S. 1977. Edamame. Pages 148-49 In: 19a泊， S. Research on the Hisωry of Cerea1 Crops (Nippon Kodai 
K。如motsushi no Ken甸的• Yoshikawa Kobl例如1， Tokyo. 

!Reda, T. 1989. Recent trends in the importation of perishable vegetables (Seisen yasai no saikin no yunyu doko). 
Yasai Engei Gijutsu (Horticultura1 Vegetable pr吋uction) 1, 51. 



Lumpkin and Konovsky 133 
Imon, S. 1985. Plantfiber in various f，∞d groups and its use (Shokuhin gunbetsu no shokumotsu seni to sono koyo). 

Shoku to Kaga如 (F∞d and Chernis叮)，餌， 37-50.

Ishiguro, K. 1985. Edamame. Pages 305-07 In: Ishiguro, K. Thoughts on Vegetables (Yasairo). Aichi-ken Keizai 
Nogyo Kyodo Sogo Rengo郎i (Agriculture Aichi), Nagoya. 

Ishioka, E. 1985. Edamame. Pages 190-97 In: Yakuro, T. Production of Vegetables in Hokkaido (Ho以:aido no 
Yasai Saibai Gijutsu). Nogyo Gijutsu Fu勾u Kyokai, Sapporo. 

1to, T. 1988. Edamame market trends and changes in production (Edamame no ichiba doko to sanchi e no teigen). 
Yasai Engei Gijutsu (Horticultura1 Vegetable Production), 11, 65. 

1wai, R., and Ino凹， Y.1968.E也m位ne.ln: SeibundoShinkosha (ed.),New Horticultura1 Dictionary (SaishinEngei 
Daijiten). Seibundo Shinkos.徊， Tokyo , 758-59. 

1was巴， T.， O恤，試， Yanagi缸， M. ， Torni恤，旺， Naijo, M., and Higuchi, K. 1983. Cultura1 method of green soybean 
for summer and autumnαop. TohokuNogyo Kenk抑 (Tohoku Agricultura1 Research), 33, 239-40. 

1wata, T. , andShiraha胞， K. 1979. Keeping quality of green soybe訂lS 1: thefacωrs ∞nc位訟ngpost-h紅vestquality

deterioration and the e佐ects of atmosphere and whole plant packaging. Engei G拉伯i Zasshi (JJ Horticulture), 
48, 106-113. 

1wata, T., Sugiura，且， and Shirahata, K. 1982. Keeping qua1ity of green soybeans by whole plant packaging. Engei 
Ga以:ai Zasshi (JJ Horticulture), 51 , 224-30. 

1wate Prefecture Agricultural Experiment Station. 1987. Report on 血e development of new varieties of ed紅name
(Edamame shinhinshu ikusei ni 切nsuru shiken seisekisho). Iwate-ken Nogyo Shikenjo, Tak:izawa. 

1 w ate Prefecture Department of Agriculture. 1989. Guide to the Production of Vegetables and Flowers (Yas.衍， Kaki

Saibai Gijutsu Shishin). 1wate Prefecture, Morioka. 

1990. Grading and Shipping Standards for Produce (Iwate-ken Sei如butsuroS加以:a Ki郎郎 Shido Hikkei). 
1wate Prefecture, Morioka. 

JapanBeanFoundation.1957. R叩orton Loca1 Ways of Eating Beans and Other Minor Crops in the Tohoku Region 
(Tohoku Chiho ni Okeru Mamerui za峙，oku Ruito no Kyodoshoku Kanko Hokoku). Nippon Mame.rui Kikin 
峙。帥， Tokyo. 

1988. Report on the Investigation of the Prefectura1 Distribution and Production of Minor Beans (Fukensan 
Zatsumame Seisan Ryutsu Jit的i Chosa Hokokus如). Nippon Mamerui Kikin Kyo師， Tokyo. 

J apan Externa1 Trade Association. 1983. Frozen and Dried Vegetables, AccessωJapan's ImportMarket. JETRO, 
38, 1-20. 

Japan Tariff Association. 1991. Japan Exports and Imports. Japan Tariff Association, Tokyo. 

Japanese Horticultura1 Production Research Center (Nippon Engei Seisan Kenkyujo). 1990. New Vegetable 
Varieties (Sosai no Shinhinshu). Seibundo Shinkos加， Tokyo. 

Japanese Science and Technology Bureau. 1984. Standard Table of Food Composition (Shitei Sho郎hin Seibun 
Hyo). Kagaku Gijutsucho, Tokyo. 

J apanese Seed Trade Ass∞iation.1987. Vegetable V位iety List (Yasai H inshu M eikan). Nippon S hubyo 的okai，
Tokyo. 

Jussaume, R.A. 1989. Food Consumption in Seattle, Wa. and Kobe, Japan. Washington State University IMP ACT 
Center Report 28. 

K位zuma， N. 1976. Japanese germplasm collections. In: Hill, L.D. (ed.), World Soybean Research. Interstate, 
Danville, 298-305. 

K位zum扎扎， and Fukt此， J. 1972. Breeding for chernica1 quality of soybeans in Japan. Tropica1 Agricultural 
Research S釘i郎， 6， 55-68.

Kajimoto, G., Shibahara, A., and Y釘nash呼， S. 1982. Changes in血e∞ntents and composition oflipids, fatty acids , 
ωcopherols， and sterols in soyb個n seed during maturation. Eiyo to Sh。如ryo(F∞d&Nu出世on)， 35, 345-50. 



134 Lumpkin and Konovsky 

Kameyama, S. 1988. Expectations for Niigata edamame: report from the To峙。-Yokohama m訂kets (Niigata 
e也mame ni kitai suru: Tohama ichiba 如ra). Niigata no Engei (Niigata Horticulture), 3, 24-28. 

Kato, T., Michishita, M吋 Kurose， S. , Inoue, S., andNakayama, K. 1979. Studies on the physiological role ofrutin 
and its application to vegetable crops V: effect of rutin application on the fruit setting and pod development of 
green soybean plants. Kochi Daiga如 Gakujitsu Ken勾uHoko臼:-nogaku (Kochi University), 27, 1日-122.

Kato, T., Fukushima, T., and Akazawa, T. 1982. Differences in contents of amino ac泊， sugars, and composition 
of fatty acids between edamame and normal soybeans. Engei Gakkai Zasshi (JJ Horticulturl巴) 51 (Bessatsu 2), 
537. 

Kikuc祉， T., and Hatakeyama, S. 1988. Cultivation of green soybeans in the northem 訂閱 ofIwate Prefecture 2: 
Effect of nitrogen fertil泣er application on green soybe位lS. Tohoku Nogyo Ken勾u (Tohoku Agricultural 
Rese缸ch) ， 4, 275-76. 

Kitagawa, 1., and Yoshikawa, M. 1983. Active components of metabolism in plan包 (Shokumotsu no naka no 
seibutsu kassei busshitsu). Kagaku to Seibutsu (Ch臼nis叮& Biology), 21 , 224-32. 

Kit也nura， K., Davies, C.S., K位zuma，況， andNielsen， Nι1983. Genetic analysis of a null-allele for lipoxygenase-
3 in soybean seeds. Crop Science, 23, 924-27. 

Kiuchi, Y. 1989. Progress on the development of new varieties of edamame in 1 wate Prefecture (Iwate-ken ni okeru 
e血mame shinhinshu ni ikusei keika). Mamerui Saibai Ikushu Ken勾u Tsushin (Bean Cultivation & Breeding 
Research), 7, 3-5. 

Kiuchi，了， Ishikawa，且， Nitta, M., and Sasaki, T. 1987. Collection of crop genetic resources and their 
characteristics in 1 wate prefecture 1: Characteristics of local soybean varieties. T ohoku N ogyo Ken勾u (Tohoku
Agricultural Research), 40, 139-140. 

Kiuchi，玄， Ishikawa，且， Nitta, M. , S訟法i， T., and Sato, T. 1989. New vegetable呵rpe soybean varieties: 
Iwamamekei-l , Iwamamekei-2 , lwamamekei-3 , Iwamamekei4 , and C9. Iwate-ken Nogyo Shikenjo Ken勾u
Hokoku (Iwate Prefecture Agricultural Experiment Station), 28, 27-39. 

Kiuchi，了， Ishikawa，丘， Ni旬， M.， Sasaki, T., and Takahashi, Y. 1989. The characteristics ofnew green soybean 
v arieties , Iwamamekei-3 and Iwamamekei4. T ohoku N ogyo Ken勾IU (Tohoku Agricultural Research), 42, 277-
78. 

Kobayashi, N. 1978. Edamame. Pages 246-60 In: Minis叮 ofAgriculture, Fores旬， andFisheries (ed.) , Handbook 
of Vegetable Production (T，。如san Yasai Handobukku). Chi.句“如， Tokyo. 

Kobayashi，虫，Orisaka， M吋 Miyashi凶， K. , and Chiba, Y. 1989. Cultivation method of green soybean 2: Effects 
of fertilization and soil management on quality and yield. Tohoku Nogyo Ken句IU (Tohoku Agricultural 
Research), 42, 281-82. 

Konno, S. 1970. Soybean cultivation in Japan. Japan Agricultural Research Quarterly, 5, 21-27. 

1984. Soybean production in Japan. Tropical Agriculture Research Series, 17, 95-102. 

Kono, M. 1989. Vegetable soybeans. Pages 413-29 In: Nobunkyo (ed.), Encyclopedia of Vegetables and 
Horticulture. Nosan Gyoson Bun卸的。如i， Tokyo. 

Kono, S. 1986. Edamame. Pages 195-2431n: Tanaka, K., Ishi缸， E. ， Kono, S., and Kohata, M. Methods ofBean 
Production (Sala伽i 0 lkasu Mamerui no Tsula例如ta). Nosangyoson Bun切峙。如i， Tokyo. 

1988.E也mame--basicsofproduction (E旬mam←-saibainokiso).NogyoGijutsuTaikei-y帥i (Agricultural 
Production-vegetables )，日， 1-17.

Konovs旬， J. 1990. The relationship of consumer preference to the ar旭no acid and sugar ∞ntent of edamame. 
Ikushugaku Zasshi (JJ Breeding) 40 (Bessatsu 2), 228-29. 

Konovs旬， J., Lumpkin, T.A., Shanmugasundar帥，旦， andTsou, T.S.C. 1991. Edamame: the vegetable soybean 
Asian Vegetable Research and Development Center, Taiwan. (In press.) 

Kou曲， S. 1934. Edamame production from an economic perspective (Keizai saibai 但ra mitaru e也mame no 
saibai). Nogyo oyobi Engei (Agriculture & Horticulture), 9, 705-12. 



Lumpkin and Konovsky 135 
Kubota, T. 1972. Relationship between chemical structure of sweet substances and their taste (Amami to kagaku 

kozo). Bioteku (Biotechnology), 3, 629-35. 

Liu，仁， andSh位unugasund缸也n， S. 1982. Frozen vegetable soybean indus句 inTaiwan. ln: Ali, M.C. , and Siong, 
L.E. (ed心 Vegetables and Ornamentals in the Tropics. Universiti Pertanian Malaysia, Serda呵， 199-212. 

Masu缸， R. 1989. Frozen vegetables-• damame (Yasai no reito一吋edamame). Reito (Refrigeration), 64, 359-76. 

Masu缸， R.， Hash泣um巴， K. , and Kaneko, K. 1988. Effect ofholding 白nebefore 企eezing on the constituents and 
的 flavor of frozen green soybeans (edamame). Nippon Shokuhin Kogyo Ga伽ishi (JJ Food Science 
Technology), 35, 763-70. 

Matoba, T., Hidaka，且， Nar徊， H叮Kitamura， K., Ka泣uma， N. , and Kito, M. 1985. Lipoxygenase-2 isozyme is 
responsible for generation of n-hexanal in soybean homogenate. Journal of Agriculture and Food Chemis旬，
33 , 852-55 

Matsui, S., Hayas祉， K. , and N akamu間， M. 1980. Influence of low temperature storage and treatment of some 
chemicals on changes in the quality of green soybeans. Gifu Daigaku Nogakubu Ken勾u Hoko郎 (Gifu

University) , 43 , 223-31. 

Matsui, S., N akamu悶， M. ， Watanab巴， E. ， Ohyabu， T., andKato , Z.198 1. Eff，巴ct of mulching on growth and yields 
of green soybeans. Gifu Daiga郎 Noga郎buKenk于uHokoku (Gifu University) , 45, 277-88. 

Matsumoto, S. , and Ohba, T. 1972. Growing techniques of soybeans in Japan. Tropical Agricultural Research 
Series, 6, 75-86. 

Matsumura, S. 1986. Amethod for advancing early developmentof edamame with plasticrow covers (Porimaruchi 
ni yoru edamame shoki seiiku sokushin 臼tei). Nippon Dojo Hiryogaku Zasshi (JJ Soil Fert也ty) ， 57, 377-83. 

Minis甘y of Agriculture and Forestry. 1957. Tohoku region (Tohoku chiho). ln: MAF, Varieties of Soybeans in 
Japan and 血e Significance of their Distribution (Nippon ni Okeru Daizu Hinshu to Sono Fu中u no 19i). 
Norinsho, Tokyo, 27-77. 

Minis叮 of Agriculture , Fores旬， and Fisheries. 1991. Statistical Yearbook. Norinsuisansho, Tokyo. 

Mitsubishi Corporation. 1989. Access to Japan's Import M紅ket. Tradescope, 4, 9-16. 

Miura, H. 1979. Good t泌te of the local Obon Festival: dadachamame--edamame (Shonai no Bon no Mijiman: 
dadachamame-e也mame). ln: N，。如 to Engei Henshubu, Furusato no Yasai-Nippon yasaishi (Local 
Vegetables-Japanese Vegetable Magazine). Seibundo Shinkos徊， Tokyo, 47-49. 

Mizuno , S., Tsutchida，丘， Kotsukl況，鼠， and Terai, H. 1988. Changes in the quality of processed Tamba region 
black soybeans (edamame) 1: The clíange in hydrogen and carbon during processing (T，ωnba kurodaiz峰­

e也mam←叫 chozoju no hinshitsu hen如 1: Chozoju no tansui 如butsu no shocho). Engei Ga伽i Tai但i

Kenk于u Happyo Yoshi (Horticultural Symposium Abstracts) Spring, S63 , 524-25. 

Moichi, S. , Onodera，且， Ohno，玄， and Sasaki, T. 1983.τne cultivation for the advancement of cropping se的on
for green soybe位lS in the northem 訂ea of Iwate Prefecture. Tohoku Nogyo Ken勾IU (Tohoku Agricultural 
Rese訂ch)， 33, 241-42. 

Mori, T. ， Mur訟， 0., Miyawaki, K. , and Oh筒， K. 1976a. Relation between the taste of fresh gr臼nsoybe訂lS and 
storing condition of the raw green soybeans and processing me血ods of raw green soybeans (Reito edamame no 
fumi to gen如 no chozojo的i narabi no 臼ko hoho no 如nkei). Kagawa但n Nogyo Shikenjo Ken勾uHokoku

(Kagawa Prefecture Agricultural Experiment Station), 28, 83-87. 

Mori, T., Kubo, T., Murai, 0 ., Miyawaki, K., and Ohta, K. 1976b. Relation between varieties，也eirseed-也nes， and
characteristics of raw materials for frozen green soybeans (Edamame no hinshu oyobi wa shuki to reito yogen如
to shite no teisei ni tsuite). Kagawa但n Nogyo Shikenj~ Ken均IU Hokoku (Kagawa Prefecture Agricultural 
Experiment Station)，詣， 79-82.

Mori, Y. 1989. Impor也19 and m紅ke血g produce (Sei如butsu no yunyu to hanbai). Yasái Engei Gijutsu 
(Horticultural Vegetable Production), 1, 58-62. 

Mori包， S . ， andTakaura, Y.1987. Theeffectofmachineh訂ves血gon 也e quality of green soybeans. Bulletin of 
the Osaka Agricultural Research Center, 24, 49-54. 



136 Lumpkin llnd Konovsky 

MotoIT吐ya，缸 ， and Ito, R. 1972. Domestic production, importation, and utilization of food legumes and research 
organization in Japan. Tropical Agricultural Research Series, 6, 23 -42. 

Motoyama, T. 1958. Edamame. ln: Motoyama, T. (ed.), Encyclopedia of Food and Drink (lnshoku Jiten). 
Heibonsha, Tokyo, 69. 

Muramatsu, S. 1924. on the Composition of the Soybean. Morioka Imperial College of Agriculture and Fores叮
Bulletin 7. 

Nagai, I. 1921. A genetico-physiological study on the formation of anthocyanin and brown pigments in plants. 
Tokyo University College of Agriculture Joumal, 8, 1-92. 

1926. Inheritance in soybean. Nogyo oyobi Engei (Agriculture & Horticulture), 1, 14 and 107-08. 

Nagar吋血， K.1989. Sweetbeanpastemade企omedamame in the Tohoku region: zunda can be made in 30 minutes 
(Tohoku chiho oishi meibutsu edamame de tsukuru an: zunda wa sanj中un de dekiagari). Sei如tsu Benri 
(Convenient Life), 6/2, 31-33. 

Nagata, T. 1960a. Agronomic studies on 血.e genecological di叮叮叮ltiation of soybeans in Japan and the world. 
Science Reports of Hyogo University of Agriculture, 4, 96-122. 

1960b. Studies on the differentiation of soybeans in Japan and the world. Memoirs ofthe Hyogo University 
of Agricul個凹， 3 ， 63-102.

Nagata, T. 1967. Studies on the significance of indet，訂minate growth habit in breeding soyb叩18. lkushugaku 
Zasshi (JJ Breeding), 17, 25-32 and 131-36. 

1968. S tudies on the significance of indeterminate growth habit in breeding soybeans. lkushugaku Zasshi (JJ 
Breeding)，時， 235-40 and 291-98. 

1972. Agro-genecological approaches to v祖ety differentiation詛 soybeans. Tropical Agricultural Research 
Series, 6, 137-50. 

Nakui, T. , Masaki, S., and Aihara, T. 1988. The fermentative quality and nu崗位ve value as green soybean stover 
si1age. Tohoku Nogyo Kenk.子u (Tohoku Agricultural Research), 41 , 199-200. 

National Institute of Agrobiological Resources. 1990. Catolog of Plant Germplasm. Norinsuisansho, Tsukuba. 

Nügata Prefecture Department of Agriculture. 1990. N'lÎgata Shipping Standards for Fresh Fruits and Vegetables 
(Niigata品nSei如butsu Shu紋aKih油1 Kijun): Niigata Prefecture, Nügata City. 

Nishi, S. 1986. Edamame. ln: Nis祉， S. Types ofVegetables and a List ofVarieties (Yasai Shurui HinshuMeiro). 
Nogyo Gijutsu Ky。如i， Tokyo, 182-186. 

Nishigaki, S., and Uek:t函， Y. 1981. The effects of varieties and cultural method on growth and yields of green 
soybean. Osaka拘Norin Gijutsu Senta Kenk.于u Hokoku (Osaka Agricultural Technology Center)， 時， 1-8.

Nishizawa, T., Kon, K., and Nak吋ima， K. 1988. Transplan血g culture of soybean by rice seedling plant位 1:
Raising method and transplanting a∞uracy. TohokuNogyoKen勾u (Tohoku Agricultural Res伺rch)， 41 , 121-
22. 

Nukaya, A., Masui, M., and Ishi缸， A. 1981. Relationships between salt tolerance of green soybeans and calcium 
sulfate applications in sand culture. Engei Ga以:ai Zasshi (JJ Horticulture), 50, 326司3 1.

1982a. Salt tolerance of green soybeans as a宜ectedbyv個ouss祉凶ties in sand culture. Engei Ga以ai Zasshi

(JJ Horticulture), 50, 487-96. 

1982b. Salt tolerance of green soybeans as affected by various s祉irlÎties in so沮 culture. Engei Ga以ai Zasshi
(JJ Horticulture), 51 , 62-69. 

Nukaya, A., Masui, M., Ishi缸， A吋 and Ogura, T. 1977. Salt叫位ance of green soyb個且s.EngeiGa純ai Zasshi (JJ 
Horticulture), 46, 18-25. 

Numata, A., Sakuy位na， K., and Takallas祉， R. 1989. Introduction of vegetables for rotational cropping systemω 
upland in cold regions 4: Selection of suitable vegetables and cultivative method for the continued use of field 



Lumpkin and. Konovsky 137 

mulched with plastic film succeeding to lettuce in early sùmmer. TohokuNogyo Ken勾IU (Tohoku Agricultural 
Rese訂ch)， 42， 161-62. 

Numata, A., Sakuyama, K., Takahas凶， R.， andlwadate, S. 1988. Introductionofvegetables forrotationalcropping 
system to upland cold regions 3: Selection of suitable vegetables succeeding to edible burdock grown in deeply 
plowed field with 也e trencher. Tohoku Nogyo Ken勾u (Tohoku Agricultural Research), 41 , 147-48. 

Ogasawara Subtropical Agriculture Center. 1987. Report on Vegetable Experiments 1986. OSAC, Tokyo. 

Ogiw位a， S. 1989. Trends in the development of seedling production that inαease the quality of field vegetables 
and potential newαop management methods (Roji yasai ni kohinshitsu但 ni taio suru i郎byo kaihatsu no doko 
ω kore 臼ra no 旬no gijutsu). Yasai Engei Gijωsu (Horticultural Vegetable Production), 5，凹-22 .

Oka:恤，A.， Sakai，忘， and Kikuchi， A.1989. Varietaldifferencein wat位absorption of soybean seeds. T ohokuN 0 gyo 
Kenk于u (Tohoku Agricultural Research), 42, 109-10. 

Okubo, K. 1988. Dry mouth feel, undesirable ∞mponents of soybean and behaviar of the components on soybean 
food processing. Nippon Shokuhin Kogyo Gakkaishi (JJ Food Science Technology), 35, 866-74. 

。凹， N.1988a.FieldproductionofKurosakichamame(Rojisaibai-Kurosakichamame).NogyoGijutsuTaikei一
yasai (Agricultu叫Production-vegetables)， 13 , 1-8. 

1988b. Improving the production of edamame this year (Koωshi wa kou susumetai e也mame no seisan taisaku). 
Niigata no Engei (Nügata Horticulture), 3, 17-21. 

Ono, Y. 1989. Vegetable soybean or edamame in Japanese. ln: Shinohara, S. (ed./缸缸背心 Vegetable Seed 
Production Technology of Japan Elucidated with Respective Variety Development Histories and Particulars. 
Shinohara's Authorized Agricultural Consulting Engine位 Office， Tokyo, 201-204. 

Osodo, K. 1978. Technology of quality maintenance and storage for vegetables. MAFF Report，日， 1-39.

Ota, K. 1976a. Vegetable growing in paddy fields converted from rice culture 1: Cropping patterns and varieties 
in green soybean culture 1. Nogyo oyobi Engei (Agriculture & Horticulture)，日 ， 677-79.

1976b. Vegetable growing inpaddy fields conv叮ted from rice culture 1: Cropping patterns and varieties in 
green soybean culture 2. Nogyo oyobi Engei (Agriculture & Horticulture), 51 , 770-72. 

1976c. Vegetable growing in paddy fields converted from rice culture 1: Cropping patt位ns and varieties in 
green soybean叫ture 3. Nogyo oyobi Engei (Agriculture & Horticulture)，日， 885-88.

Sagara, K叮 A恤，且， and Moriya, S. 1988. Influence of water ex甘acts made from some vegetables on 也e seed 
gen祉nation of other vegetables. Tohoku Nogyo Kenk子u (Tohoku Agricultural Research), 41 , 309-10. 

Saiki, T., Higuchi, T., Mitsuyuki, K. , and Matsuzawa, K.. 193 1.切le Chemical Analysis ofFood泊 Japan. Tokyo. 

Saio, K. 1984. Dietary pattern and soybean proce'ssing in Japan today. Tropical Agriculture Research S位ies， 17, 
153-61. 

Saito, M. 1972. Breeding soybe訂15 in Japan. Tropical Agricultural Research S位ies ， 6,.43-54. 

Sato, N. 1983. Results of experirnents llSing carbon dioxide for greenhouse production of edamame (Edanωmeno 
shisetsu saibai ni taisuru CO, shiyo kek臼 shiken). Kanagawa-ken Engei Shike旬;0 Kasai Shiken Seisekisho 
(Kanagawa Prefecture Horticultural Experiment Sta世on)， S58, 24-25. 

Sato，鼠， and Takahashi, M. 1984. Establishmentof greenhouseproductionof edamame (Edæηame no hausu saibai 
gijutsu kakuritsu shiken). Kanagawa-ken Engei Shikenjo K，ωai Shiken Seisekisho (Kanagawa Prefecture 
Horticultural Experirnent Station), S59, 58-59. 

Sawa，缸， Y. 1988. Expectations for Nügata edamame: report 企om the To勾心Yokohama markets (Niigata 
e血mame ni kitai suru: Tohæna _ichiba 但ra). Niigata no Engei (Nügata Horticulture), 3, 29-30. 

Sawaji, N.1971. Edamame.ln: Inako，了， S叮isawa， M., and Saw吋i ， N. Peas, FavaBearJS, GreenBeans, Edamame, 
and Sweet Corn (Endo , Sorωna!惚， lngenmæ肥， EdaJna!惚， 似的kon). le No Hikari Kyo臼i， Tokyo, 128-169. 

Schussl缸，J.R. ， Brenner, M.L., and Brun, W.A. 1984. Abscissic acid and its relationship to seed filling in soybearJS . 
Plant Physiology, 76, 301-06. 



138 Lumpkin and Konovsky 

Shimizu, T., and K.imura, Y. 1987. Nu崗位onal diagnosis based on deficiency and excess sympωms on crops 3: 
Deficiency and excess symptoms on soybean. Nippon Dojo Hiryogaku Zasshi (JJ So江 Fertility) ， 58, 226-29. 

Shiota祉， T. 1985. Production of edamame for fall harvest (Aki dori edamame no saibal). Kur，ωhi toNogyo (Life 
& Agriculture), 9, 24-26. 

Shurtle哎" W. , and Aoyagi, A. 1991. Bibliography of Fresh Green Soybeans. Soyfoods Center, Lafayette. 

1991. History of fresh green soybeans lIIld vegetable句pe soybeans. Chapter 22 In: Shurtleff, W. , and 
Aoya訟， A. History of Soybeans and Soyfoods. Soyfoods Center, Lafayette. (ln press.) 

Sugawara, E. , 1ω， T., Odagiri, S., Kubota, K., and Kobayashi, A. 1988. Changes in aroma ∞mponents of green 
soybeans with maturity. NipponNogei Kagaku Kaishi (Agricultural & Horticultural Science), 62, 149-55. 

Sunada, K.1979. Varietalimprovement(Hinshu如iryonoayu冊1).In: Saito， 旺， andOsanai, S. (ed.), A1l Varieties 
(Hinshu no Sube記). Hokkaido Kyodo Kumiai Tsushinsl施， Sapporo, 165-194. 

1986. Edamame production (Edamame saibai ni tsuite). In: Sunada, K. Methods of Bean Production in 
Hokkaido 徊。以:aido no Mame Sa郎 Gijutsu). Nogyo Giju肌肉勾u的。如i， Sapporo, 138-140. 

Suwa, S., Hayashi, N. , Iwas也i， E., Kenmochi, S., Sudo, Y., andHayas祉， S.1986. Chemicalcontrolofverticillium 
wilt of vegetable soybean by chloropicrin injec位oninωthe plastic-mulched ridge (Edamame s位bai ni okeru 
ichobyo no kurorupikurinzai muruchi unenai shori ni yoru bojo). KanωTosan Byogaichu Kenk叭.ùcai Ne曲。
(KanωDis臼se & Pest Research Group), 33, 64-65. 

Suzuki, H. 1984. Varieties and production of edamame in Yamagata Prefecture (y，ωnagata品nniokerue血mame

no hinshu to saibai). Daizu Geppo (Soybean Monthly), 109, 36-39. 

Suzuki, K. 1984. Production of edamame in Chiba Prefecture (Chiba no edamame saibai). Daizu Geppo (Soybean 
Monthly), 110, 23-26. 

1988. Investigation of edamame production-from aαop management perspective (Edamame zukuri 
so個ùcen-seisanmen kara). Niigata no Engei (Niigata Horticulture), 3, 11-12. 

Suzu姐， K叮 and Yahiki, T. 1990. Effects oflong day 宜eatment during the period of raising seedlings on growth and 
yields of green soybe缸15 after tr也lSplan血g 2: Effect of the length of light period and the starting age of 
seedlings. Bulletin of the Chiba Agriculture Experiment Station, 32, 123-29. 

Suzuki，眩， Yashiki, R. , and Takeuchi, E. 1985. The influence of long days during the seedling stage on edamame 
post-tr訂ISplant development and yields 1: The results of seedling size and long days (Edamame no i如byokikan

ni okeru chojitsu shori ga ishokugo no seii旬， shuryo ni 呵。bosu ei勾01 : Nae no daisho ω chojitsu shori no 
kek如). Chiba品nNogyoShikenjoKen勾uHokoku (Chiba Prefecture Agricultural Experiment Station), 26, 39-
46. 

Suzuki, T叮 Yasui， A., Koizumi, H., and Tsutsun泣， C. 1987. Application of hydrochloric acid extraction procedure 
to determination of metal elements in soybe血， green soybe吼 and roasted soybean flour by atomic absorption 
spec虹ophotome虹y. Nippon Shokuhin Kogyo Ga以aishi (JJ Food Science Technology), 34, 185-89. 

Takahashi, M., and Sato, N. 1983. Edamame variety 甘ial (Edamame hinshu hi臼kushiken). Kanagm叫司kenEngei
Shikenjo Kasai Shiken Seisekisho (Kanagawa Prefecture Agricultural Experiment Station), S58, 71-72. 

Takahashi, N. 1934. Linkage relation between the genes for the forms of leaves and the number of seeds per pod 
ofsoyb間15. Idenshigaku Zasshi (JJ Genetics), 9, 208-25. 

Takai, R. 1977. Edamame. In: Shimizu, S. (ed.), Encyclopedia of Vegetable Horticulture (Yasai Engei Daijiten). 
Yokendo, Tokyo, 1∞2-1006. 

1989. Edamame. In: Takane, M. (ed.), Sources of Plant Germplasm (Shokumotsu 1denshi Genshusei). 
Kodans徊， Tokyo, 2, 805-06. 

Tama缸，Y., Orisaka,. M., Miyashita, K., Ohno，玄，Kiuchi, T., and Shink巴， H. 1990. Traits of nitrogen release from 
coating nitrogen ferti1izers and cultivation technique withoutωpdressing foruplandαops 1: Applicationeffects 
of coating nitrogen fertilizers for green soybean and sweet∞rn. TohokuNogyo Kenkyu (Tohoku Agricultural 
Research), 43, 127-28. 



Lumpkin and Konovsky 139 
T位也nura， W., Kamoi,1., andObara, T..1980.Distributionof甘ypsin訟hibitors in green soybean (edamame) during 

cultivation. Nippon Shokuhin Kogyo G拉伯ishi (JJ Food Science Technology), 27, 245-51. 

Terao, H. , andNakaωmi， S. 1929. on the inheritance of chlorophyll colorations of cotyledons and seed-coats in 
the soybean. ldenshigaku Zasshi (JJ Genetics), 4, 64-80. 

Tohoku Agricultura1 Experiment Station. 1990. Records of 1988 Cold Damage in Tohoku and Kanto (Toho缸，
Kanto Tosan Chiiki ni Okeru Showa 63 Nen Reigai no Kiroku). Norinsuisansho, Morioka. 

Tokachi Agricultura1 Experiment Station. 1969. Results of Soybean Tria1s (Daizu ni Kansuru Shiken Seisekishu). 
Tokachi Nogyo Shikenjo, Obihiro. 

1981. Variety 出訕。f edamame (Edamame hinshu hi他叫 shiken). ln: T AES , R中ort on Research. T okachi 
Nogyo Shikenjo, Obihiro, 145-154. 

1988. The Pedigrees and Specia1 Characteristics of Soybean Collection atTokachi Agri叩ltura1 Experiment 
Station (Daizu Hozon Hins.仰， Keito no Raishi oyobi Tokusei). T，。但chi Nogyo Shikenjo, Obihiro. 

Tomita，旺， and Yanagida, M. 1982. Freshness retention of vegetables by precooling 1: Effects of delayed 
prec∞ling and storage temperature onqua1ities of asparagus , green soybe悶， andlta1ian broc∞li.Toho似Nogyo
Ken句“ (Tohoku Agricultural Research), 31 , 267-68. 

Torigoe, Y., Ino間， Y. ， Nakamu悶， T., Shiraiwa, T叮 and Kurihara, H. 1982. Production research on indigenous 
be訂15 in the Tamba district 1: Geographica1 dis甘ibution ofTamba Kurodaizu (a soyb甜n cultiv訂) andTamba 
Dainagon azuki and their cultura1 practices. R中ortofthe Society ofCrop Science andBreeding_也nkiDis出ct，

27, 12-16. 

Tsuchiya, K. 1984. Informa且onone也mame(E也mamenomamechishiki). Daizu Geppo (SoybeanMonthly), 109, 
27-35. 

Uzawa, H. 1986. Genetic Analysis of Edamame Sugar Content (Edamame no Toseibun ni Kansuru 
Idenikushugakuteki Ken勾心) . Iwate University Master's 甘les函， Morioka. 

Uzawa，且， Kitamura, K. , and K缸zuma， N. 1987. Studies on the sugar content in green soybeans--characterization 
and inheritance of high sug紅 content in dadachamame. lkushugaku Zasshi (JJ Breed泊g)37 (Bessatsu 1), 326-
27. 

Vegetable Experiment Station. 1980. Soybeans, Edamame (Daizu , Edamame). ln: Yasai Shikenjo, Loca1 Varie丘es
of Vegetables (Yasai no ChihoHinshu). Yasai Shikenjo, Tokyo, 70-75. 

Watana恤， 1., and Nag1!Sawa, T. 1988. Variation in chemical composition of soybean seeds 缸nong genetic 
resour臼s . TohokuNogyoKen勾u (Tohoku Agricultura1 Rese紅ch) ， 41 , 105回06

1990a. Appearance and chemica1 composition of soybean seeds in germpl的m collection of Japan 1: 
Frequency dis甘ibution of grain size, seed coat colour, hilum colour and content of chemica1 components, with 
specia1 reference to collection site. Nippon Sakumotsu Gakkai Kiji (JJ Crop Science), 59, 649-60. 

1990b. Appearance and chemical composition of soybean seeds in germplasm collection of Japan ll: 
Correlation among protein, lipid, and carbohydrate per臼ntage. Nippon Sakumotsu G拉伯i Kiji (JJ Crop 
Science), 59, 661-66 

Watana恤， M. 1988a. Crop management points for use of plastic bed covers and tunnels for edamame in Chiba 
Prefecture (Chiba-ken ni okeru edamame no maruchi, tonneru saibai gijμtsu no pointo). Yasai Engei Gijutsu 
(Horticultural Vegetable Production), 11, 60-62. 

1988b. Tunnel production of Sapporo-midori (Tunneru saibai-Sapporo-midori). Nogyo Gijutsu Taikei­
yasai (Agricultural Production-vegetables), 13, 1-8. 

Watana恤， S. 1988. Brand names: vi ta1 points for this month's work一-edamame (B urando hinm。他. kongetsu no 
sagY9 kandokoro-edamame). Niigata no Engei (Niigata Horticulture), 3, 46-47. 

Watanabe, S. , and D也zen， R. 1988. Rotation systems for edamame production (Edamame sanchi ni okeru rinsa仰
taikei). Niigata no Engei (Niigata Horticulture), 3, 31-34. 



140 Lumpkin and Konovsky 

Yamagata Prefecnrre D中artment of Agriculnrre. 1989. Promoting Fruits and Vegetables (Kasairui Shin如
Shihyo). Yamagata Prefecture, Yamagata. 

Y位nashita， F. 1988. Crop management points when switching to edamame production (Tensa郎 edQJ間mesaibai
gijutsu no pointo). Yasai Engei Gijutsu (Horticulnrral Vegetable Production), 11, 56-58. 

Yamauchi, K. 1990. Travels to Study Riddles:“amame (Nozoga如 no T abi: edaJname). 27 July TV M∞k， NTV/ 
YTV, Tokyo. 

Yoshikura, K., and Hamaguchi, Y. 1969. Anthocyar由15 of black SOybe8IlS. Shokuhin Eiyo Zasshi (JJ Food 
Nutrition)，泣， 15-18.

Y oshioka, Y. 1991. Method developed to eliminate smell from soybean products. J apan Agroinfo Newsletter, 8(5), 
7. 



Summary of Discussion and Recommendations 

Production 
Theproblem 訂閱s identified include: 

Short-term 

1. Production costs of mechanization 

2. S臼d Production 

Medium-term 

1. Cultural management for yield quantity and quality 

2. Varietal development for yield quantity and quality 

3. Pest and disease resistance goals 

Long-term 

1. Sustainability 

2. Plant 紅'Chitecture

3. Biotechnology and quality 

R臼earch needs for vegetable soyb個n production were discussed, taking into account the constraints 
and needs of grain soybean. R也ommendations for resolving the issues include the following: 

1. Need to develop faster mechanical harvesting methods: 甘le imported harVesting machine being 
U鉛d in Taiwan at present and the depodding machine being used in Japan could be combined to 
develop a machine that can hasten harv自由g and which could result in minimal field losses and 
damage to separated po也. This should include a package of technologies on crop management 
practices for the e狂icient use of the new h紅vester. In the meantime, improvements in the 
depodding machine available in Taiwan are n自由d if it is to be used 品 a stop-gap t也hnology
before the improved harvester is developed. 

2. N臼d to confirm the quality benefits of smaller-seeded vegetable soybe組 合om the u且包ation
point of view: A corollary to 血is is the need for altematives ωcold s的rage and low relative 
humidity and storage of vegetable soybean seeds where facilities 臼紀chniques are not available. 

3. N臼d 10 determine precise fertilizer regimes for vegetable soyb個n， depending on expected yield 
levels, soil fertility 側的， soil type, climate an.d 紀的on: Cost-benefit studies on fert刮目r
application must be done, taking inωconsideration higher yield and inputs for improving quality. 
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Cropping systems research should have a high profitability as the key objective but must be 
consistent with sustainability issues. Rice-vegetable soybean rotation cropping systems should be 
developed to maintain a reliable standard against which buildup of pests and dis開認scanbem個sured.
The introduction of vegetable soybean as an inter or relay crop 凶 low-input systems should be studied. 

Likewise, the contribution of vegetable soybean w品te to soil fe別lity maintenan臼 should be 
evaluated. 

Practices 也at will extend the period over which pods may be h訂vested should also be studied. 

4. Need to breed (where applicable use biotechnology) for: 

• adaptability to mechanical harvesting (wi由out sacrificing quality); 

• r，臼is戶nce to p臼ts and diseases, e中ecially downy mildew and bacterial pust叫e; rust can be 
con缸ol1ed chemically; 

• non or neu虹al flavors and improvements in tas低， e.g. sw問個自s， through m吋ifications of 
biochemical pa仕lways;

• nonshattering characteristics; 

• specific locational adaptation, partic叫“y that govemed by temperature and photoperiod; and 

• tolerance to sunscald. 

Also ， un江'orm sets of vegetable soybean varieties should be sentωinterested countries for evaluation 
of regional requirements. This information will help guide selection for p紅ticular t臨的 undertaken at 
AVRDC. 

The possibility to drastically improve plant architecture for mechanical h紅V自由g should be 
considered. 

One aim should beωincrease the harvest index for summer -adap臼d varieties of vegetable soybean. 

Processing and Marketing 
甘le potentials, constraints and research needs for three identified markets were discus鉛d. 甘le

markets identified include: 

(1) Foreign (Japan, USA and E叮ope)

(2) Domestic 

(3) Developing countries 

Potentials of markets 

The Japanese market is 田開品 stable， while the US and European markets are 臼en 品 havinghigh
potential for the utilization of vegetable soyb個n 部 ab個n or vegetable, and not as a snack fi∞d. 

Vegetable soybean is 缸aditionally included in the Chinese diet so the domestic market presents 
a肘active possib逝世臼 for both fresh and frozen beans (seeds) and pods. Taiwan grows vegetable 
soybean mainly for export and 血us production is year-round. 
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In developing countries, vegetåble soybean has not been fully accepted yet, although some have 
hisωries of vegetable soybean consumption. There is more potential for the product in coun世ies with 
l紅ge Asian communities or pop叫ations.

Constraints in markets 

Int血heforei站gnma缸rket，μ， t血hefollowi泊ng problems wer紀e'旭e叩nt世ified: d配.el旭aye吋dpro凹ce臼ssi卸ng， overηrma泓tu叮:uityand
ex剋is血E喀gcons叩ume位r biases (企e臼sh i旭s always be仗tt紀βr).

Meanwhile, in Japan and Taiw徊， there is a need for more information on consumer preferences and 
n自由， partic叫arly for shelled beans. 

In developing count泣的， there is also a need to explore a∞eptance of vegetable soybean, especially 
in are值 suffering from nutritional deficiencies. 

Research needs 

To meet demand for vegetable soybean in foreign markets, more emphasis should be placed on 
shifting from 貨。zenω 仕臼h vegetable soybean. Re企igerated sωrage rather than fr臼zing should also 
be studied. Likewise, a s盯vey on market preferences should be undertaken. 

In Taiwan, there is need for research on new proc間sing methods and prep訂ation for convenience, 
P紅ticularly for shelled b甜的.

In developing coun圓的， fi∞us should be on diversification of uses and improving quality standards 
for vegetable soybean products 

Recommendations 

1. Conduct social and biological research 也at will more clearly define the concept of quality 凶
vegetable soybean. Specifically: 

• Survey consumer taste preferences of the Japanese and other markets; 

• Define biochemical parameters of quality; 

• Evaluate and standardize research methods; 

. Conduct research on environmenta1 influences on quality. 

2. Conduct research on postharvest handling and processing technology to improve the quality of 
vegetable soybean. Sp閃過cally， research on the following is n自由d:

. improvement of cooling (storage) technology; 

• development of quality-stable varieties; 

• development of products for convenience use, e.g. prepackaged “microwaveable" vegetable; 

• diversification of products from vegetable soybeans, e.g. baby food , noodles, tofu, candies; 

• methodology for harvest time determination; 
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• improvement of harvesting, p也kaging and transportation meth吋s.

3. Promote intemational cooperation, information and t缸hnology exchange and sharing by: 

﹒ jointr，閃開rch projects; 

• publica位on of newsletters, annota臼d bibliographies, literature reviews, databases and 
U班lslations;

• tr這ining and workshops; intemational workshops should be held reg叫紅lytok臼p vegetable 
soybeanr，自個rchers upωdate on developments in the field; 

• gathering of worldwide market information and statistics; 

. information campaigns on advantages of using vegetable soybean. 



Closing Remarks 

Emil Q. Javier, Director General 
Asian Vegetable Research and Developrnent Center 

Allow rne to join Dr. Shui-Ho Cheng ofthe ROC Council of Agricu1ture and Dr. Wu Yu-Long of 
the Kaohsiung DAIS 扭曲an垣ng a11 of the participants and speakers for their very useful inputs during 
血is workshop. The workshop papers, the discussions and the recornrnendations wil1 provide ve可
irnpor個nt directions for future research and training and vegetable indus甘y developrne肘， notonly in 
Northeast Asian countries where the vegetable soybean industry is 組組dy advanced, but a1so in the 
developing coun甘ies where we are confident vegetable soybean wi11 find a useful niche. As has been 
pointed out in the paper presentations, vegetable soybean can rnake a ve可 va1uable direct con虹ibution
to allevia自19 rna1nutrition with its adequate levels of prote妞， ca1ories, vitarnins and rninera1s. 
Versati1ity in cropping systerns, high farrner incornes, con佐ibution to soi1 ferti1ity and provision of 
livestock fodder are additiona1 benefits. 

We note with considerable intβrest your recornrnendations on production requirernents which were 
convenient1y organ泣ed into short, rnediurn and long-terrn needs. The rnechanization requirernents for 
harvesting and depodding 1 arn sure wi11 continue to be addressed by the appropriate institutions in J apan 
and Taiwan which sorne of you represent. 

At A VRDC we wil1甘yωfind suitable partners with whorn we can work on such ar臼sasv紅ieta1
irnprovernent, proper cultural !panag開rent for yield and qua1ity and integrated control of pests and 
diseases. We hope you wi11 con血ue to rnake your persona1 and institutiona1 con甘ibutions to 由ese
research concems. 

As a fresh product, vegetable soybean n臼ds to be hand1ed proper1y to rnaintain freshness, 
appearan凹，個世ngandnu出世ona1 qua1ity. 甘legroup'sr也ornrnendations on pr∞essing and rnarketing 
recognized thr臼 kinds of rnarkets-the developed country rnarket in Japan and potentially 扭曲eUS
andE叮O阱， the Taiwan dornestic rn紅ket， and the loca1 rnarkets in the developing coun出的. Each of 
these rnarkets has certain unique requirernents 曲at rnust be recognized. The requirernents of the fresh 
or企ozen pod rnarket紅e beingl∞kedintobut出ere is a huge potentia1 for shelled fresh or frozen beans 
which requires attention. For the developing countries the big hurd1e apparent1y is converting passive 
acceptance of the product inωactive acceptance. 

Vegetable soybean, or "edarnarne" in Japan, is an old product in East Asia, wi血 great potentia1 to be 
anewfl∞d habit in the rest of the wor1d. Therefore, even as you conduct yo凹 activities 的 m臼tyo叮
respective nationa1 needs, pl聞se be rnindful of 血is unique opportunity to develop and con釘ibute
sornething novel to wor1d food and agriculture, particularl y in the developing coun固的. WeatAVRDC 
are very excited about this gr臼t opportunity and privi1ege. 

Fina11y 1 would like to thank all rnernbers of the Organizing Cornrnittee and of the Local 
A訂angernents Cornrnittee for the superb logistics and rnernorable setting for the rneeting. 
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