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Soybean (Glycine max (L.) Merr.), a good source of protein and oil, is used to produce nutritious isoflavone-rich soybean-based
foods. The objectives of this study were (i) to determine the germination difference among soybean seeds in various seed sizes and
(ii) to evaluate effects of seed pretreatment on germination and seedling emergence. Six varieties of different seed size class were
used: (i) small size (MFS-561 and V08-4773), (ii) medium size (Glen and V03-47050), and (iii) large size (MFL-159 and V07-1897).
Pregermination treatments include 0, 5, or 10 hours soaking and germinating/planting with or without nitrogen fertilizer. Large
seed size varieties showed low germination rate and N addition caused the least reduction in germination in these seeds during the
first 24 hours. While N had no effect on seed germination after 72 hours, growth in N treated seed was low. Seedling emergence
was comparable across varieties in 2013 and water priming and N application had no effect. However, while varieties did not differ
in final emergence for nonprimed seeds in 2014, water priming led to a high reduction in seedling emergence of large seed varieties

in this study. Application of N fertilizer had no effect on seedling emergence in field experiments.

1. Introduction

Soybean is one of the most important sources of protein
and oil and has industrial application due to its nutriceutical
and pharmaceutical benefits. The global demand of food-
grade soybeans is on the increase in both traditional Asian
markets and new world markets. In the US, demand of food-
type soybeans for direct consumption like the vegetable-
type (edamame) has been increasing due to the proven and
publicized nutritional values and health benefits [1, 2]. It is
the recognition of these nutritional quality attributes that led
USDA to recommend the provision of soy-based products
in school feeding programs [3]. In 2013, 31% of Americans
consumed soyfoods or soy beverages at least once a week or
more, compared to 24% in 2010, and the current US retail
market for soyfoods was approximately $4.5 billion in 2013
compared to 1 billion in 1996 [4]. The expanding soybean-
based food market in Japan and the US has generated
considerable interest among American soybean producers in
recent years.

The most popular soyfoods, like soymilk, tofu, and
vegetable soybean (edamame), are all produced mainly from
large-seeded (>20g/100 seeds) soybeans [5]. Large-seeded
soybeans are reported to increase quantity and strength of
tofu and had higher total content of monounsaturated oils
[6, 7]. Soymilk sales have reached 210.5 million in 2013 while
tofu as a traditional soyfood had sales of approximately $274
million in 2013 [4]. Differences in seedling emergence and
vigor and the subsequent crop stand are reportedly attributed
to prevailing seedbed conditions [8]. The effects of seed size
on germination and subsequent yield also vary with some
showing increased yield with seed size [9] and others showing
no effect [10]. It has been reported that seed size correlates
with seed vigor and that large seeds tend to produce more
vigorous seedlings and better stand [11, 12] and more likely
to emerge from greater depth than those from small seeds
[13]. Plants from larger seeds have been reported to produce
bigger seed yield than those from small kernels [14, 15].
However, other results indicate better germination and vigor
in small and medium sized seeds [16] and other showed no
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TABLE 1: Table showing the P values for main variable and their interactions in laboratory experiments.
Time since start of experiment (hours)
Variety 24 48 72
P value
Variety <0.0001 <0.0001 <0.0001
Water priming <0.0001 0.4719 0.0144
Nitrogen <0.0001 0.0002 0.0204
Variety * water priming 0.0051 0.9352 0.4557
Variety * nitrogen 0.0014 0.9952 0.8253
Water priming * nitrogen 0.0003 0.4332 0.6015
Variety * water priming * nitrogen 0.0666 0.9744 0.9981

relationship between seed size and seedling emergence and
final yield [17]. Also addition of fertilizer to hydroprimed
seeds could affect plant growth and yield as shown for sulfur
which resulted in an increase in yield in both primed and
nonprimed seeds [18]. Soil factors play a role in germination
and subsequent yield of a crop. Under ideal soil moisture
conditions, large soybean seeds showed better physiological
quality than small seeds; with more vigorous seedling but at
moisture content of —0.2 MPa, small seed performed better
[19]. Other edaphic factors like salinity affect germination by
creating osmotic potentials, preventing seed water uptake, as
well as direct toxic effects of Na* and CI” [20]. At moisture
content ranging from 20 to 30%, all soybean seed sizes
showed no germination at 20% moisture content, but small
and medium sized seeds showed better germination and
greater root developments than large sized seeds at all higher
moisture content [21].

During seasons with below average growing conditions,
rate of large-seeded soybean may need to be adjusted to com-
pensate for anticipated low germination. However, because
future weather conditions are not easy to predict, man-
agement strategies to improve germination and emergence
of large-seeded soybean are required to equip food-grade
soybean farmers with high production efficiency. Increased
production efficiency will likely lead to increased yield and
improved economic returns to soybean producers. This study
was carried out with the following objectives: (i) to discover
the germination difference of soybean seeds in various
sizes and (ii) to determine the effect of seed priming on
germination rate and emergence of food-type soybeans.

2. Materials and Methods

2.1. Laboratory Experiments. The experiment was carried
out at the research laboratories at MT Carter Building,
Virginia State University. The soybean varieties used were
harvested at Virginia Polytechnic Institute and State Uni-
versity (Blacksburg, VA). The varieties of soybean used
were two small-seeded varieties (<10 g/100 seeds; MFS-561
and V08-4773): two medium sized seed varieties (between
12 and 16 g/100 seeds; Glenn and V03-4705): two large-
seeded varieties (>20g/100 seeds; MFL-159 and V07-1897).
The same seed lot was used for the two years of study. The
pregermination treatments were 5 or 10 hours of soaking

in water. At the start of germination or field planting,
seeds with/without hydropriming were put in petri dish
with water-only (laboratory-only) or a solution of nitrogen
fertilizer (laboratory and field). In laboratory experiments,
constant monitoring ensured sufficient moisture throughout
the experiment period. Each treatment unit consists of 50
seeds and was replicated three times. Germination was done
at laboratory temperatures. The number of seeds germinated
as indicated by the radicle emergence was determined every-
day starting from the day after start of germination until all
seeds germinate or germinated number remains constant.
In the laboratory experiment, germination was defined as
emergence of and a visible radicle of 1 mm length.

2.2. Field Experiment. In the field, experiment was laid out
as a complete block design at Randolph Farm, Virginia
State University. The same treatments as in the laboratory
experiment were used with three replications. The same seed
lots were used for both 2013 and 2014 studies. In each 1.5m
experimental unit, 50 seeds were planted and number of
emerged seedlings were determined preferably on a daily
basis beginning 8 days after planting. The same seed lots
were used in 2013 and 2014 planting. The number of emerged
seedlings in each treatment replication was recorded daily
until no additional seedlings emerged. Because of differences
in rainfall and soil moisture condition at time of planting
between the two years, seedling emergence is reported inde-
pendently for each year of production. Statistical analyses
were done using PROC MIX Procedures in SAS.

2.3. Laboratory Results

2.3.1. Seed Germination. During the first 24 hours all two-
way interaction between variety, hydropriming duration, and
nitrogen affected seed germination (Table 1). Subsequently, at
48 and 72 hours, only main factors affected seed germination
except for water priming at 48 hours (Table 1). The number
of seeds germinated after 24 hours increased with increase
in duration of hydropriming in all varieties (Table 2(a)).
For all hydropriming duration, small- and medium-seeded
varieties showed the highest number of germinated seeds
compared to large-seeded varieties. In fact for a 10-hour
priming duration, germination in small-seeded varieties
was 2-3 times higher than that of large-seeded varieties.
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TABLE 2: (a) Percentage of germination of soybean variety affected by
water priming duration and variety under laboratory temperatures
24 hours after start of experiment. (b) Percentage of germination of
soybean variety affected by variety and nitrogen fertilizer application
laboratory temperatures 24 hours after start of experiment. (c)
Percentage of germination of soybean variety affected by variety
and nitrogen fertilizer application laboratory temperatures 48 and
72 hours after start of experiment.

()

Hydropriming duration (hours)

Seed size class  Variety 0 (none) 5 10
%

Small MFS-561 3.6fghi 24.2¢ 83.7a
Small V08-4773 4.9efg 7.8de 61.8a
Medium V03-4705 2.2ij 4.4fgh  34.8bc
Medium Glenn 4.0fgh 9.6d 52.0ab
Large V07-1897 2.0j 5.4ef 26.5¢
Large MFL-159 2.8hij 3.0ghij 30.4c

Numbers followed by a similar letter are not statistically different (P = 0.05).

()

Nitrogen status

-N +N
Small MES-561 3l.4a 12.1b
Small V08-4773 24.7a 7.2cd
Medium V03-4705 8.9bc 5.5d
Medium Glenn 20.9a 7.6¢d
Large V07-1897 6.8cd 6.3cd
Large MFL-159 7.4cd 5.5d

Numbers followed by a similar letter are not statistically different (P = 0.05).
(©

Hours after start of experiment

Seed size class Variety
48 72

Small MES-561 88.0a 99.7a
Small V08-4773 79.1a 93.1a
Medium V03-4705 75.7a 92.1a
Medium Glenn 70.5a 91.3a
Large V07-1897 29.4b 45.5b
Large MFL-159 28.9b 44.9b

Numbers in a column followed by a similar letter are not statistically
different (P = 0.05).

After 48 and 72 hours, small- and medium-seeded varieties
showed similar germination that was bigger (P < 0.05)
than that for large-seeded varieties. In small- and medium-
seeded varieties, germination reached over 70% and 90%
after 48 and 72 hours, respectively (Table 2(c)). At 48 and
72 hours, germination in large-seeded varieties was below
30 and 50%, respectively. This agrees with other findings
that showed up to 59% reduction in germination time with
hydropriming in seeds of several grain crops [22]. Similar
results were reported for cotton and maize in semiarid
environments [23]. During the first 24 hours, variety and

nitrogen fertilizer application significantly (P < 0.0001)
affected seed germination with those receiving N fertilizer
showing lower germination (Table 2(b)). Across varieties,
increased priming time increased number of germinated
seeds at 24 hours with or without N fertilizer addition (data
not shown). Across varieties, germination for N-treated and
non-N treated seeds was 48% and 65% and 68% and 79%, at
48 and 72 hours, respectively (data not shown). The reduction
in germination with N application was observed in small and
medium sized varieties and not in large-seeded varieties. In
fact, the reduction for small-seeded varieties averaged 65%
while in large-seeded varieties it averaged 13%. This effect
of N on germination is supported by the relative greenness
between N-treated and no-N-treated germinating seeds at
72 hours (Figure 1). With high surface area to volume ratio,
small seeds may have imbibed a lot of N causing higher
physiological drought than that in large seeds. This may have
reduced remobilization of nutrient for use in germination.
Similar reduction in germination with fertilizer application
has been reported by others [24].

3. Result of Field Grown Plants

3.1. Seedling Emergence. In 2013, except for variety, none
of the factors nor their interactions and the three-way
interactions significantly (P = 0.05) affected seedling
emergence for all days where emergence data was determined
(Table 4). However, in 2014, variety and water priming and
its interaction significantly (P = 0.05) affected seedling
emergence (Table 4). While some studies have shown that
priming with fertilizer reduces germination and emergence
[24], this study showed that N fertilizer application had no
effect on seedling emergence. Similarly, lack of improved field
emergence of soybean with sulphur application was reported
[19]. In winter wheat hydropriming or priming with a number
of salt solution failed to improve seedling emergence in
winter wheat [25]. The number of seedlings during the
first day of emergence did not differ with varieties in 2013
and averaged about 13.3% (Table 5). Small-seeded varieties
showed an average emergence of 11.3% which was higher
than that of large sized seed varieties V07-1897 and MFL-
159 that was below 6% (Table 5). In the subsequent days in
2013, large-seeded V07-1897 maintained a higher emergence
compared to all small-seeded varieties and was comparable
in most cases to the medium sized seeded varieties (Table 5).
At the end of seedling emergence, V07-1897 showed 83.6%
emergence that is similar (P = 0.05) to 74.6% observed
in medium sized seed variety V03-4705 but higher than all
others averaged at 68.2%. In general in 2014, seeds receiving
no water priming showed better emergence than primed
seeds (Table 6). While water priming for 5 or 10 hours showed
improved emergence in small- and medium-seeded vari-
eties earlier, it reduced emergence in large-seeded varieties
(Table 6) However, while seedling emergence in 50% of small
and medium sized varieties was comparable among water
priming treatment at >16 days after planting, nonprimed
seeds maintained higher emergence in large-seeded varieties
up till end of the observation period. Across water-primed
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FIGURE 1: From fore- to background row there are two rows, each of large, medium, and small sized seed varieties, 72 hours after start of

germination study.

TaBLE 3: Biweekly precipitation during the months of May through September of 2013 and 2014 near Petersburg, VA.

May June July August September
Day of the month 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
mm
First 15 days 18.3 1.7 154.9 59.2 63.7 14.0 108.7 61.0 10.2 36.3
Last 15 (16) days 70.4 6.3 81.8 371 53.1 105.9 46.5 88.6 0.3 26.7
Total monthly precipitation 88.7 18.0 236.7 96.3 116.8 145.9 155.2 149.6 10.5 63.0
TABLE 4: Table showing the P values for independent variable and their interactions.
Days after planting
8 9 10 15 16 20
2013
Variety 0.7869 0.0487 0.0514 0.0499 0.0501 —
Water priming 0.2726 0.7677 0.7281 0.5859 0.5589 —
Nitrogen 0.3882 0.1705 0.0925 0.0932 0.0934 —
Variety * water priming 0.5814 0.8682 0.9483 0.9394 0.9398 —
Variety * nitrogen 0.6577 0.9791 0.9339 0.9644 0.9640 —
Water * nitrogen 0.6551 0.5749 0.6350 0.4786 0.4464 —
Variety * water priming * nitrogen 0.4873 0.5894 0.3675 0.2003 0.1938 —
2014
Variety <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Water priming <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Nitrogen 0.2295 0.1961 0.5610 0.2309 0.2580 0.1999
Variety * water priming <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Variety * nitrogen 0.7632 0.5227 0.4794 0.2753 0.6523 0.7774
Water * nitrogen 0.1098 0.5365 0.1531 0.1105 0.0541 0.1210
Variety * water priming * nitrogen 0.4988 0.9679 0.9338 0.9411 0.9120 0.9162

treatments, medium sized seeded variety Glenn maintained
a higher (P = 0.05) emergence percent than others and
reached 70% at the end of the observation period. Large-
seeded varieties maintained the lowest emergence percent
and reached only 18.7% by end of the observation. These
results are in agreement with those reported earlier where
small and medium sized seeds gave a more rapid emergence

than large sized seeds [21]. In general, the relatively high
emergence of seedlings in 2013 compared to 2014 may be
due to prevailing soil moisture condition. During the last
two weeks of May and the first two weeks of June, a
period encompassing the planting time, total precipitation
was 2253 mm in 2013 and only 65.3 mm in 2014 (Table 3).
Similarly, the almost comparable emergence between small-
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TABLE 5: Seedling emergence as a percentage of seeds planted in the field in 2013.
Day after planting
Seed size class Variety 8 9 10 15 16
%
Small MFS-561 12.7a 35.7b 52.1b 67.8b 67.8b
Small V08-4773 9.0a 35.3b 55.0b 66.9b 66.9b
Medium V03-4705 8.1a 472ab 66.8ab 74.5ab 74.6ab
Medium Glenn 11.1a 43.7ab 61.4ab 69.3b 69.6b
Large V07-1897 15.6a 61.0a 79.3a 83.6a 83.6a
Large MFL-159 9.9a 46.8ab 61.4ab 68.1b 68.6b
Numbers in a column followed by a similar letter are not statistically different (P = 0.05).
TABLE 6: Seedling emergence as a percentage of seeds planted in the field in 2014.
Days after planting
Seed size class Variety Duration of water priming (hours) 8 9 10 15 16 20
%
23.0a 36.2a 41.2a 53.8a 57.4a 57.8a
MES-561 5 4.4b 16.4b 20.4b 40.6a 51.2a 51.6a
Small 10 11.4ab 27.6ab 30.6ab 45.4a 46.6a 48.0a
22.2a 374a 43.6a 65.6a 67.6a 69.0a
V08-4773 5 2b 6.0b 8.4b 22.0c 23.8¢ 25.8b
10 18.0a 23.6a 24.8a 40.4b 40.8b 39.4b
16.2a 34.2b 47.8a 61.8a 63.0a 63.0a
V03-4705 5 3.2b 7.0b 11.6b 32.0b 32.6b 29.6b
Medium 10 19.0a 31.6b 37.0ab 49.6a 51.2a 5l.6a
23.6b 43.6ab 54.4ab 73.4a 75.2a 75.4a
Glenn 5 57.6a 65.6a 68.8a 73.4a 76.6a 78.2a
10 20.8b 32.8b 39.8b 56.4a 57.4a 57.4a
2a 11.2a 32.4a 51.6a 54.2a 54.2a
V07-1897 5 Oa 0b 2.0b 7.2b 7.8b 8.6b
Large 10 Oa 0b 0b 2.0c 2.0c 2.8b
22.2a 32.8a 46.1a 6l.4a 63.6a 63.6a
MFL-159 5 2.0b 3.6b 4.2b 9.6b 10.6b 10.8b
10 2.0b 3.6b 3.6b 6.8b 7.4b 7.4b

Numbers in a column within a variety followed by a similar letter are not statistically different (P = 0.05).

and large-seeded varieties in 2013 and difference observed in
2014 among varieties of different seed sizes could be a result
of prevailing soil condition.

4. Conclusions

Despite better germination of small- and medium-seeded
varieties in the laboratory, inherent field moisture at planting
may be more important than seed size for germination and
emergence. Similarly, presoaking seeds prior to planting may
initiate germination process, but on planting, growth may be
arrested under dry field conditions with potential loss of seed
viability. Under conditions of low moisture content, slight
irrigation may favor emergence of small-seeded varieties.
However, moisture levels should be enough to allow seed to

imbibe, germinate, and emerge above the soil surface. Under
insufficient moisture, small seeds may imbibe, germinate, and
die while in large seeds imbibed water may be insufficient to
trigger germination and such seeds may emerge later when
conditions improve. Alternatively, soil moisture sufficient to
allow emergence of small seeds may allow germination in
large seeds but could be insufficient to sustained seedling
growth and emergence. Hydropriming and N application
applied simultaneously in field planting may affect seedling
emergence through promoting premature germination and
osmotic dehydration. Its benefits may only be realized under
certain prevailing field conditions. Therefore, more studies in
multiple locations are needed on multiple varieties, priming,
and seed size effects on emergence for a more definitive
conclusion. Studies are needed on priming and seed size at



controlled soil moisture to answer question on whether to
irrigate and how much irrigation is needed for optimum
seedling emergence for different sized seeds.
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