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VARIETY TRIALS

Yield and Quality of Vegetable Soybean 
Cultivars for Production in North Dakota

Lisa M. Duppong and Harlene Hatterman-Valenti
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SUMMARY. Vegetable soybeans (Glycine max), the same species as fi eld-dried 
soybeans, have similar production requirements and good market potential for 
commercial producers in upper midwestern United States. Five vegetable soybean 
cultivars were tested for yield and quality characteristics and to assess the neces-
sity of fi eld irrigation during 2003 and 2004 in North Dakota. Cultivars of 
different maturity dates were evaluated for stand densities, pod production, seed 
weight, and marketable yield. Total marketable yields varied between the years, 
ranging from 5773 to 10,118 lb/acre. Lower yields in 2003 were attributed to 
signifi cantly lower population stands caused by poor germination conditions. 
‘Envy’, the earliest maturing cultivar, produced a signifi cantly smaller seed size, 
while ‘Sayamusume’ produced a greater seed size than the other cultivars both 
years. ‘Butterbean’, ‘IA1010’, and ‘IA2062’ yielded greater percentages of three-
bean pods than the other two cultivars each growing season. Irrigation did not 
increase the marketable pod yield or the quality variables examined each season; 
thus it appears that rainfall during the growing season may be adequate for veg-
etable soybean production in this region.
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A novel crop in upper midwestern 
U.S., vegetable soybeans have 
been eaten in China for over 

2000 years. Also known as beer beans, 
sweet beans, edamame (Japanese), 
and mao dou (Chinese), this vegetable 
is quickly gaining popularity in the 
U.S. along with other soy foods and 
soy products. The beans are planted 
and cultivated in the same manner 
as fi eld-dried soybeans, but they are 
harvested at an immature green stage 
(R6) that occurs just as the seeds have 
fi lled out the pod (Fehr et al., 1971). 
Vegetable soybean cultivars also have 
larger seeds than other fi eld soybeans, a 
sweeter, nutty (less “beany”) taste, and 
are more easily digested (Konovsky et 
al., 1994). They can be eaten fresh or 
used as a vegetable ingredient in stir-
fries, soups, and salads. These edible 
soybeans are considered a nutritious 
substitute for lima beans (Phaseolus 
limensis) in any dish (Konovsky et al., 
1994), and they can also be boiled, 

frozen, or roasted and seasoned as a 
fi nger-food snack.

The sweet and savory taste of 
vegetable soybeans is attributed to 
their sucrose, glutamic acid, and alanine 
content (Johnson et al., 1999); they 
are a good source of protein, dietary 
fi ber, vitamin C (ascorbic acid), vitamin 
E (tocopherol), calcium, and phytoes-
trogens (Johnson et al., 1999; Miles et 
al., 2000). Their demand is growing 
worldwide, most likely due to their 
tastiness and the known health benefi ts 
of soybean isofl avones. These include 
decreasing low-density lipoprotein 
(LDL) cholesterol levels and reduc-
ing the risk of cardiovascular diseases, 
cancer, and osteoporosis (Messina, 
2001). By 2005, the U.S. demand for 
this vegetable is expected to exceed $20 
million annually, with greatest market 
potential among Asian Americans (Lin, 
2001; Mentreddy et al., 2002). Nearly 
all the edamame crop grown in Japan is 
used for fresh consumption (Konovsky 
et al., 1994), and it is the largest im-
porter of the crop with a total demand 

of more than 176,000 tons annually 
(Nguyen, 1998). 

Only the beans are edible, al-
though many Asian consumers prefer 
to purchase them intact in the slightly 
pubescent pods. Some even prefer to 
buy them still attached to freshly cut 
soybean plants at the market. The 
marketability of the beans depends on 
the customer; Asians prefer to purchase 
bright green pods (with no yellowing 
or discoloration) containing two to 
four beans, whereas typical American 
consumers purchase the frozen, shelled 
beans. 

Vegetable soybean cultivars 
mature at different seasonal lengths 
based on their photoperiod sensitiv-
ity, possibly a limiting factor in their 
production in northern climates (Miles 
et al., 2000). Agronomic practices such 
as time of planting and harvesting, 
plant density, and soil fertilization may 
infl uence their fl avor (Masuda, 1989). 
Other fi eld production constraints in-
clude poor germination and slow emer-
gence, and the need for fresh seed each 
growing season (Miles, 2002). Due 
to harvestable seed losses from severe 
pod shattering at maturity, the seed can 
be expensive at up to $22/lb (Nelson 
et al., 2002). Few insect and disease 
problems have been reported by U.S. 
researchers, although bacterial blight 
(Pseudomonas syringae pv. glycinea) has 
been reported as a problem in irrigated 
research plots in Colorado (Johnson, 
1999). Recommended seeding rates 
range between 60,000–70,000 plants/
acre on the west and east coasts of the 
U.S. (Kratochvil, 2002; Miles et al., 
2000) to 40,000 plants/acre in Mis-
souri (Nelson et al., 2002).

Vegetable soybean production 
may be a viable option for farmers 
interested in a high-value crop with 
regional and local market potential in 
the midwestern U.S. Organic farmers 
especially may benefi t if they choose to 
plant a high-value legume such as veg-
etable soybean in their crop rotation. 
Net returns of $350 to $1125/acre 
have been reported in other parts of 

Units
To convert U.S. to SI,   To convert SI to U.S., 
multiply by  U.S. unit SI unit multiply by

 0.4047  acre(s) ha 2.4711 
 0.3048  ft m 3.2808
 2.5400  inch(es) cm 0.3937
 25.4000  inch(es) mm 0.0394 
 1.1209  lb/acre kg·ha–1 0.8922
 28.3495  oz g 0.0353 
 (°F – 32) ÷ 1.8 °F °C (1.8 × °C) + 32

Oct05HT.indb   896Oct05HT.indb   896 9/7/05   3:40:37 PM9/7/05   3:40:37 PM



897 ● October–December 2005 15(4)

the U.S. (Ernst and McNulty, 2001), 
and sales are expected to rise with 
increasing consumer awareness of soy 
health benefi ts, its versatility, and ease in 
cooking. Currently there are no known 
edamame producers in North Dakota, 
probably due to a lack of informa-
tion on yield performance of specifi c 
cultivars grown in the northern Great 
Plains region, subsequent marketing 
analyses, and processing infrastructure 
for the crop. Moreover, one of only 
two vegetable soybean processors in 
the U.S. is located within the region 
(Hearty & Natural, Hope, Minn.). 
Their frozen shelled and unshelled 
“sweet soybeans” and “edamames” 
are sold in local and national health 
food and supermarket chains. Based 
on a 15% growth in retail sales during 
the past year, they are expanding their 
production acreage by 20% in 2005 (R. 
Staloch, personal communication).

The objective of this 2-year 
research project was to evaluate fi ve 
vegetable soybean cultivars in North 
Dakota for agronomic performance 
and quality traits. Production variables 
examined included stand establish-
ment, number of pods/plant, total 
marketable yields, and fresh green 
seed weight. Cultivar response to ir-
rigation during the growing season 
was also assessed. Irrigation has been 
recommended for vegetable soybean 
production in Washington, which 
receives 2 to 6 inches of precipitation 
between May and September (Miles et 
al., 2000). Rainfall amounts in eastern 
North Dakota average almost twice 
this amount (14.2 inches in the past 
10 years) between May and September 
(North Dakota Agricultural Weather 
Network, 2004). The climate is less 
arid, and elimination of an additional 
expense, such as irrigation, would 
make vegetable soybeans a more viable 

production option for growers in the 
northern Great Plains.

Materials and methods
Five vegetable soybean cultivars 

were evaluated during 2003 and 2004 
at the North Dakota State Univer-
sity (NDSU) Experiment Site near 
Prosper, N.Dak. (lat. 47°00’ N, long. 
97°07’ W). The soil is a Bearden silty 
clay (fi ne-silty, mixed, superactive, 
frigid Aeric Calciaquoll) with a 3.6% 
organic matter content and a 7.5 pH. 
Each year the previous crop was spring 
wheat (Triticum aestivum). The fi eld 
was disked in the fall after harvest and 
cultivated in the spring prior to plant-
ing. Plots were arranged in a split-plot 
design with four replicates. Main plots 
were two irrigation schedules (irriga-
tion vs. no irrigation) while the subplots 
were fi ve soybean cultivars: ‘Envy’, 
‘Butterbean’ (Johnny’s Selected Seeds, 
Albion, Maine), ‘IA1010’, ‘IA2062’ 
(Iowa State Univ., Ames), and ‘Saya-
musume’ (Territorial Seed Company, 
Cottage Grove, Ore.). An experimental 
unit consisted of four 20-ft-long rows 
spaced 24 inches apart. Data were taken 
from the two middle rows. 

Cultivars were planted 7 June 
2003 and 11 June 2004. The seed 
was planted at a depth of 1.25 inches 
using a four-row Almaco cone seeder 
(Nevada, Iowa); the seeding rate was 
adjusted for a target population of 
100,000 plants/acre. The plots were 
hand-weeded once during July and 
August each year. Stand counts on both 
rows were taken 17 July 2003 and 23 
July 2004. The overhead irrigation 
system had risers spaced 18 ft apart; 
water was applied at 1 inch/week to 
supplement natural rainfall. Irrigation 
was scheduled according to calculations 
using the NDSU Extension Service 
recommendations for the checkbook 

method guidelines with soybean as 
the crop (Steele et al., 2004). It was 
applied 3 weeks in 2003 (21 July, 31 
July, and 16 Aug.) and 5 weeks in 2004 
(2 July, 16 July, 28 July, 6 Aug., and 
18 Aug.). Plots were hand-harvested 
at the R6 stage, when the bright green 
bean seeds were touching each other in 
a pod on an upper node of fi ve sampled 
plants. The aboveground biomass 
was collected from 10 ft of the two 
middle rows. All pods were removed 
from the plants, with marketable pods 
separated into categories of one-bean, 
two-bean, and three-bean pods. Fresh 
unshelled weights were obtained for 
each category. Additional data included 
counting the number of pods on each of 
three randomly selected plants per plot, 
and obtaining fresh weights for 100 
shelled seeds of three subsamples per 
plot. Harvest dates for each growing 
season were as follows: 2003: ‘Envy’, 5 
Sept.; ‘Butterbean’ and ‘Sayamusume’, 
12 Sept.; ‘IA1010’ and ‘IA2062’, 
23 Sept.; and 2004: ‘Envy’, 7 Sept.; 
‘Sayamusume’, 13 Sept.; ‘Butterbean’, 
17 Sept.; ‘IA1010’ and ‘IA2062’, 28 
Sept. Data sets were combined for the 
2 years and analyzed using analysis of 
variance (PROC GLM) with SAS ver-
sion 8.2 (SAS Institute, Cary, N.C.). 
Factors were considered fi xed. Based on 
interactions between variables, means 
were separated by Fisher’s protected 
least signifi cant difference (LSD) test 
where P = 0.05.

Results 
A signifi cant year × cultivar in-

teraction occurred; therefore popu-
lation stand, total marketable yield, 
pods/plant, and seed weight means 
were separated and analyzed by year 
(Table 1). Furthermore, a signifi cant 
year × irrigation × cultivar interaction 
occurred in the number of beans/pod; 

Table 1. Analysis of variance testing the effects of year, irrigation, and cultivar on vegetable soybean production variables, 
including stand, total marketable yield, pods/plant, seed weight, and percentage of one-bean, two-bean, and three-bean 
pods for 2003 and 2004 at Prosper, N. Dak.

Source df Stand Yield Pod/plant Seed wt One-bean Two-bean Three-bean

P > F
Rep 3 0.8687 0.3333 0.6432 0.0243 0.4258 0.2290 0.0715
Year (Y) 1 <0.0001 <0.0001 <0.0001 0.0005 <0.0001 0.0013 0.4156
Irrigation (I) (rep) 3 0.1392 0.1922 0.8258 0.3141 0.3600 0.3866 0.8738
Y × I 1 0.0245 0.1366 0.8282 0.0079 <0.0001 0.0546 <0.0001
Cultivar (C) 4 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Y × C 4 <0.0001 <0.0001 0.002 <0.0001 <0.0001 0.0088 0.0001
I × C 4 0.1264 0.0248 0.456 0.1382 0.1693 0.1152 0.5033
Y × I × C 4 0.8702 0.7069 0.7638 0.5228 0.0272 0.6081 0.5245
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thus, means for one-bean, two-bean, 
and three-bean pod percentages were 
analyzed for this three-way interac-
tion.

All cultivars reached suffi cient 
maturity during both growing seasons. 
Average harvest date for all cultivars was 
7.6 d later in 2004 than 2003, most 
likely due to cooler air temperatures 
throughout the 2004 growing season 
(Table 2). Natural precipitation re-
ceived 30 d after planting in 2003 was 
similar to the 10-year average, totaling 
3.95 inches, although the rains were 
untimely and heavy. Cool weather and 
overly damp conditions after planting 
in 2003 most likely contributed to 
poor population stands (Table 3). By 
comparison, the drier conditions in the 
early part of 2004 (2.04 inches) may 
have been conducive to the greater 
and more uniform stands. Irrigation 
was less necessary in 2003, as it was 
applied fewer times and later in the 
season than in 2004. The heavy clay soil 
in that area most likely aided water re-
tention throughout the season. More-
over, close row spacing of the plants 
(typically fi eld-dried soybean rows are 
planted 30 inches apart) allowed for 
early crop canopy and less water loss 
due to surface evaporation.

Significant dif ferences were 
detected among the cultivars and 
between growing seasons for most ex-
perimental variables (Table 3). Despite 
the poor weather early in the 2003 
growing season, ‘Envy’ and ‘IA2062’ 
had signifi cantly greater stands com-
pared to the other cultivars. Stands 
were much higher in 2004, and the 
range between population means was 
smaller. Total marketable yields were 
fairly similar in 2003. ‘Butterbean’ 
yielded less than the other cultivars 
that year and displayed the greatest 
difference in yield between the fi rst 
and second year. This was attributed to 
it having the lowest population stand 
in 2003, and the greatest difference 
between stands each season (55,947 
plants/acre). In 2004, ‘Envy’ yielded 
less than the other cultivars, averag-
ing 26% less than the highest yielding 
cultivar, ‘Sayamusume’. Moreover, 
‘Sayamusume’ produced the greatest 
yield from the lowest population stand 
that year. Based on stands, individual 
plant yields were lower in 2004 for all 
cultivars, most likely because of overall 
cooler seasonal air temperatures in 
2004 (which averaged 5 °F cooler than 
in 2003) and the increased competi-
tion between soybean plants caused by 

higher population densities.
Each cultivar produced approxi-

mately twice as many pods/plant in the 
fi rst growing season than in the second 
(Table 3), suggesting that fi eld popula-
tion densities and weather conditions 
may also have affected the number 
of pods/plant. ‘Envy’ produced the 
highest number of pods/plant both 
years in more dense population stands 
than most or all the other cultivars. 
‘Sayamusume’, on the other hand, 
had the least number of pods/plant 
even though it had two of the lowest 
populations both years. Seed weight 
comparisons for all cultivars between 
growing seasons showed that only 
‘Sayamusume’ produced smaller seeds 
in 2004. Pod set appeared inversely 
related to seed size (r = –0.6299 and 
–0.9807 in 2003 and 2004, respec-
tively), since ‘Sayamusume’ fresh seed 
weight was greater than other cultivars, 
while ‘Envy’ produced signifi cantly 
smaller seeds. However, these factors 
are also infl uenced genetically and 
environmentally, since the decrease in 
number of pods produced by the cul-
tivars in 2004 did not refl ect the same 
increase in seed weight, especially with 
‘Sayamusume’. Individual seed growth 
has been shown to be dependent on 
the amount of available assimilates 
during seed fi lling with fi eld soybean 
(Munier-Jolain et al., 1994). Likewise, 
Mathew et al. (2000) concluded that 
even though maximum soybean seed 
size is under genetic control, seed size 
can be modifi ed by the environment 
with some internal moderation of fi nal 
size of most seeds in all pods. Rao et 
al. (2002) evaluated several Asian and 
two U.S.-adapted vegetable soybean 
cultivars and concluded that larger 
seed size was positively correlated 
with longer time periods to the R6 
stage of maturity, and that fresh seed 

Table 2. Rainfall and temperature dataz for the 2003 and 2004 growing seasons 
and 10-year averages at Prosper, N. Dak.

 Total precipitation (inches)y Average air temp (°F)x

Year 30 DAP Season Daily maximum Season

2003 3.95 6.46 80 67
2004 2.04 8.19 74 62
10-yearw 4.03 8.94 76 64
zData provided by North Dakota Agricultural Weather Network, Department of Soil Science, North Dakota State 
University, Fargo.
y1 inch = 0.0394 mm; DAP = days after planting; season totals from 11 June to 23 Sept. 2003 and 7 June to 28 
Sept. 2004.
x(°F – 32)/1.8 = °C; daily maximum values represent averages of greatest daily temperature measurements; season 
values represent average temperature measurements [(high-low)/2] calculated daily.
w10-year values averaged from 1994–2004 during 7 June to 11 July for 30 DAP average and 7 June to 28 Sept. 
for remaining columns.

Table 3. Stand, total marketable yield, pods/plant, and seed weight of hand-harvested vegetable soybean cultivars in 2003 
and 2004 at Prosper, N.Dak.

 Stand Marketable yield Pods Seed wt
 (plants/acre)z (lb/acre)y (no./plant) (oz/100 seeds)x

Cultivar 2003 2004 2003 2004 2003 2004 2003 2004

Butterbean 23,822 bw 79,769 ab 5773 b 8469 b 62.9 b 33.1 b 1.53 b 1.81 b
Envy 50,230 a 81,811 a 7786 a 7502 c 81.3 a 39.7 a 1.36 c 1.46 d
IA1010 29,471 b 81,675 a 8213 a 9024 b 74.1 a 36.4 ab 1.60 b 1.67 c
IA2062 55,471 a  79,293 ab 8722 a  8675 b 54.6 b 33.5 b 1.55 b  1.76 bc
Sayamusume 29,559 b 70,513 b 7634 a 10,118 a 53.4 b 27.8 c 2.46 a 2.27 a
z1 plant/acre = 2.4711 plants/ha.
y1 lb/acre = 0.8922 kg·ha–1.
x1 oz/100 seeds = 3527.4 seeds/kg.
wWithin a column, means followed by the same letter are not signifi cantly different with Fisher’s protected least signifi cant difference at P = 0.05.
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weight varied inversely with pod set 
and seeds per pod. The harvest dates 
for ‘IA1010’ and ‘IA2062’ were later 
than ‘Sayamusume’ for both years, yet 
each produced smaller seeds. Thus, 
genotype appears to have a strong infl u-
ence on this variable, as later-maturing 
cultivars do not necessarily produce 
heavier seeds.

Number of seeds per pod is not 
known to affect bean fl avor or quality 
(Miles et al., 2000). However, it is 
an important variable to consider for 
fresh market production, since many 
Asian consumers prefer two-bean and 
three-bean pods. Seeds per pod varied 
among cultivars and between years (P 
= 0.05). ‘Envy’ produced more one-
bean pods and fewer three-bean pods 
than the other cultivars both seasons 
(Table 4). There was also a tendency 
for higher yields of one-bean pods in 
non-irrigated than irrigated plots in 
2003, although not statistically dif-
ferent at P = 0.05. This response may 
have been caused by stress associated 
with decreased rainfall and increased 
temperatures during pod set that 
year. In 2004, the reverse was true 
with higher yields of one-bean pods 
in the irrigated than non-irrigated 
plots, with the exception of ‘Envy’.
There were no signifi cant differences 
between irrigated and non-irrigated 
percentages of two-bean pods among 
cultivars for either growing season. 
Each year ‘Envy’ produced a signifi -
cantly higher percentage of two-bean 
pods than the other cultivars, fol-
lowed by ‘Sayamusume’. Signifi cantly 
higher percentages of three-bean pods 
were found in ‘IA1010’, ‘IA2062’, 
and ‘Butterbean’ than the other two 
cultivars both growing seasons. The 
percentages of three-bean pods were 
signifi cantly higher in irrigated plots 
of ‘Butterbean’ in 2003 compared 

to non-irrigated plots. ‘Sayamusume’ 
had lower three-bean pod percentages 
than most cultivars for both years; this 
suggests that its heavier marketable 
yield in 2004 was most likely due to 
its heavier seed weight. 

These fi ve vegetable soybean cul-
tivars have potential to perform well 
under North Dakota growing condi-
tions. Collectively they offer a range 
of green pod harvest dates that could 
allow producers to extend their harvest 
season and increase yields. Though it 
has a small seed size and a high num-
ber of one-bean pods, ‘Envy’ may be 
attractive for growers who are inter-
ested in an early maturing cultivar. In 
addition to maturing later, ‘IA1010’, 
‘IA2062’, and ‘Butterbean’ may be 
more desirable cultivars for producers 
who are interested in greater yields 
of three-bean pods for fresh market 
consumption. The large seed size of 
‘Sayamusume’ is a distinct character-
istic that may make this cultivar more 
attractive to some consumers. 

Vegetable soybean yields will vary 
based upon cultivars, weather condi-
tions such as seasonal rainfall and air 
temperature, and cultural practices 
such as plant population and irriga-
tion. In southeastern North Dakota, 
irrigation may only be warranted for 
production in excessively dry years, 
especially during the reproductive 
stages of plant development. Further 
investigation to determine optimum 
plant populations for different cultivars 
are needed. Consumer preferences on 
taste and nutritional content should 
also be assessed for all cultivars before 
making grower recommendations. 
Commercial production is currently 
constrained by a lack of mechanical 
harvesting equipment. Moreover, the 
harvest window is short for vegetable 
soybean, and immediate processing is 

Table 4. Percentage of one-bean (1-bean), two-bean (2-bean), and three-bean (3-bean) pods of total marketable yield for 
hand-harvested vegetable soybean cultivars based on supplemental irrigation (IRR) [1 inch (25.4 mm) per week] and no 
irrigation (NON) in 2003 and 2004 at Prosper, N. Dak.

 2003 2004
 IRR NON IRR NON
Cultivar 1-bean 2-bean 3-bean 1-bean 2-bean 3-bean 1-bean 2-bean 3-bean 1-bean 2-bean 3-bean

  ---------------------------------------------------------------- (%) ------------------------------------------------------------------
Butterbean 8.0cz,y 59.0c 33.0a 11.8c 62.7b 25.5b 16.6 53.4c 30.0a 12.0b 53.7c 34.3a
Envy 17.5a 75.9a 6.6c 20.1a 75.4a  4.0d 15.3 76.8a 7.9c 16.9a 72.0a 11.2d
IA1010 8.8bc 51.9d 39.3a 9.6d 54.3c  36.1a 16 53.4c 30.6a 13.6b 53.4c 33.0ab
IA2062 10.7bc  53.9cd  35.4a 12.0c 59.2c 28.9ab 14.4 56.1c 29.5a 13.5b 55.9c 30.6b
Sayamusume 13.7b 68.4b 17.9b 16.1b 67.0b 17.0c 15.2 64.4b 20.4b 12.4b 64.1b 23.5c
zValues represent percentage of unshelled mean weights.
yWithin a column, means followed by the same letter or not followed by a letter are not signifi cantly different with Fisher’s protected least signifi cant difference at P = 0.05.

necessary to preserve bean quality and 
fl avor. These obstacles are not insur-
mountable for growers, however, as has 
been proven by the Hearty & Natural™ 
cooperative of vegetable soybean pro-
ducers in southern Minnesota.
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