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ABSTRACT : Seedling establishment of soybean [Glycine
max (L.) Merr.] is a critical factor in production system
and cultural practices. The objective of this study was to
identify the components of soybean seedling developments
encompassing planting dates and cultivars that respond to
emergence, early growth stage and dry matter accumula-
tion. Three soybean cultivars, Hwangkeumkong, Shin-
paldalkong 2, and Pungsannamulkong, were planted at
Baegsan silty loam soil. Planting date was May 13, June 3,
and June 24 in 2001. Sprinkler irrigation was accompa-
nied with 30 mm after seeding for three planting dates.
Soybean seedlings were sampled at the growth stages from
VE to V5. Days to emergence of soybean seedlings were
taken 8 at May 13 and 5 at June 24 plantings. Emergence
percentage was over 90 at three planting dates. May 13
planting took 33 days and June 24 planting was 25 days
for reaching V5 growth stage. Cotyledon number was
decreased after V2. Significant cultivar difference was
found in cotyledon dry weight until V2 which differed in
seed dry weights at the planting times. Leaf and total dry
weights of soybean seedlings were not differed from V1 to
V3 among planting dates and cultivars. Leaf water con-
tents were generally ranged 78 to 85%. Branch was
appeared from V4. Leaf/stem ratio among cultivars was
similar at five growth stages and gradually increased from
2.1 at V1 to 2.8 at V5. The results based on this experiment
indicated that seedling establishment of soybean was con-
tinued from VE to V3 growth stages affecting mainly by
planting date and soil moisture.

Keywords : soybean, cotyledon, days to emergence, emer-
gence percentage, leaf dry weight, stem dry weight.

eedling establishment is an important factor in soybean
S production and cultural practices. Rapid and uniform
emergence and early growth of seedlings from the soil is a
critical period in the life cycle of soybean plants. Germina-
tion and seedling growth of soybeans are affected by soil
temperatures in the seed zone. Inouye (1953) reported the
optimum temperature for germination to be 24 to 36°C, the

minimum to be 2 to 4°C, and the maximum to be 42 to 44°C.
Higher temperature at planting season in the field generally
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accelerated germination and seedling growth of soybean
seeds (Seong et al., 1986). Field emergence of soybean seeds
generally takes 5 to 7 days, but under unfavorable condi-
tions, emergence may take 12 days (Pendleton & Hartwig,
1973). Planting dates of soybeans can be varied from mid-
April to mid-July in the cultural practices which are exposed
the wide range of temperatures (Popp et al., 2002). How-
ever, recommended planting dates are encouraged from
early-May to late-June according to crop sequences on con-
ventional soybean production system.

Hunter & Erickson (1952) concluded that the minimum
seed moisture content required for germination of soybeans
was about 50 percent. However, Waldren & Flowerday
(1982) reported that water requirement to begin germination
of soybeans is about 60 percent of its dry weight. When soy-
bean seeds absorb the required water from soil moisture in
planted seed zone, proper emergence percentage and days to
emergence can be expected in the field conditions. Soil
moisture at the planting time is a limited factor with the dif-
ferences of soil structure, drought and cultural conditions.
Consequently, the success or failure of soybean seedling estab-
lishment is mainly dependent on adequate soil moisture during
germination and emergence of soybean seeds. Effects of soil
moisture on germination and seedling growth of soybean
cultivars were found in the research reports (Lee et al., 1992;
Seong et al., 1986).

Depending on time and location of planting, soil condi-
tions can vary from cold and wet to hot and dry. Various ger-
mination and seedling growths of soybean seeds were
appeared in the references (Lee er al., 1992; Seong et al.,
1997). However, detailed seedling growth in each growth
stage of soybean plants at the field was not detected under
adequate soil moisture conditions by sprinkler irrigation
during soybean planting season. The objective of this study
was to identify the components of soybean seedling devel-
opments encompassing planting dates and cultivars that
respond to emergence, early growth stage and dry matter
accumulation in the field conditions.

MATERIALS AND METHODS

Field experiment was conducted at the research farm of
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College of Life and Environmental Sciences, Korea Uni-
versity, Namyangju city, Gyeonggi province in 2001.
Three recommended cultivars of soybean [Glycine max
(L.) Merr.} were obtained from the National Crop Experi-
ment Station, RDA. The cultivars, Hwangkeumkong (large
seed), Shinpaldalkong 2 (medium seed), and Pungsannam-
ulkong (small seed) were planted at Baegsan silty loam
soil. Planting density was 60x15 cm with 2 seeds in depth
of 3 cm. Planting dates were May 13, June 3, and June 24.
Plot size was 6.5 m length with 4 rows. Fertilizer, N : P,Os
: KoO =45 : 70 : 60 kg/ha was incorporated in the soil
before planting as basal dressing. Experimental design was
split plot arrangement which main plot was planting dates
and split plot was cultivars with four replications. 30 mm
irrigation was accompanied by sprinkler after seeding for
three planting dates.

Eight soybean seedlings were sampled at the growth
stages from VE to V5 by cutting the cotyledonary nodes.
The growth stage was identified by Fehr & Caviness
(1977). Days to emergence and emergence percentage of
soybean seedlings were measured at each planting plots.
Soybean seedling samples from the treatment combina-
tion plots were separated to cotyledon, leaf, and stem
from V1 to V5 growth stages. Cotyledon number, fresh
weight and dry weight of the samples were measured.
Fresh weight, dry weight, water content, plant height,
branch number, leaf number and leaf/stem ratio of soy-
bean seedlings were obtained at each samples. Dry
weights of the samples were taken at 80°C for 48 hours.
The collected data were analyzed using SAS package for
mean analyses.

RESULTS ANDDISCUSSION

Emergence of soybean seedling was significantly different
at three planting dates. Days to emergence of soybean seed-
lings were taken 8 days at May 13 and 5 days at June 24
planting (Table 1). The average of 5 years of mid-May and
late-June plantings in previous observations showed 9 and 4
days, respectively. This result was due to temperature fluctu-
ation in experimental year which was higher in mid-May
and lower in late- June compared to the normal year (data
not shown). Holshouser & Whittaker (2002) reported that
days to emergence of soybean seedlings were ranged from 7
to 13 with the plantings of mid-April to late-April. Emer-
gence percentage of soybean seedlings was over 90 at three
planting dates with sprinkler irrigation after seeding and no
differences were found among planting dates and cultivars.
This high emergence percentage of soybean seedlings at the
field condition was primary due to irrigation after seeding
and was not easily achieved in the conventional plantings.
Soil temperature and moisture for seed germination of soy-
bean were critical factors in the references (Lee et al., 1992;
Seong et al., 1986) and seedling emergence percentage was
affected more by soil moisture conditions.

Development of growth stage of three soybean cultivars
was differed at three planting dates as shown in Fig. 1. May
13 planting took 33 days and June 24 planting was 25 days
for reaching V5 growth stage of soybean seedlings. This 8
days decrement of seedling growth period in June 24 plant-
ing was the result of temperature increment with late plant-
ing which has the advantage of soybean growth. No larger
differences in growth period of soybean seedlings were

Table 1. Seed dry weight, days to emergence, and emergence percentage of three soybean cultivars according to three planting dates.

Planting date Cultivar Seeq dry Days to Emergence
weight emergence percentage
(g/100 seeds) (days) (%)
Hwangkeumkong 253 8 87.3
Shinpaldalkong 2 200 8 96.0
May 13
Pungsannamulkong 13.3 8 94.3
Mean 19.5 8(9) 92.5
Hwangkeumkong 25.1 6 90.3
Shinpaldalkong 2 20.0 6 97.5
June 3
Pungsannamulkong 13.0 6 97.8
Mean 194 6 952
Hwangkeumkong 25.0 5 97.3
Shinpaldalkong 2 19.8 5 98.3
June 24 Pungsannamulkong 13.0 5 98.0
Mean 193 54) 97.9
F-test NS NS

() : Average of 5 years
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Fig. 1. Required days for the development of growth stages of
three soybean cultivars according to three planting dates.
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Fig, 2. Cotyledon number, dry weight, and water content from VE
to V5 growth stages of soybean seedlings according to
three planting dates.
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Fig. 3. Cotyledon number, dry weight, and water content from VE
to V5 growth stages of three soybean cultivars.

found until V5 growth stage among three cultivars. Cotyle-
don number, dry weight, and water content of soybean seed-
lings were similar among three planting dates (Fig. 2).
Number of cotyledons was decreased after V2 growth stage
except May 13 planting and cotyledon dry weight was also
decreased with growth stage development. The cotyledons
of soybean seedlings are naturally dropped after the role of
cotyledons as nutrient supplier was finished to transport the
metabolic components for the emerging new plant parts
{Seong et al., 1997). Cotyledon water content was increased
from 80 at VE t0 90% at V1 and paralieled until V3 growth
stage. Soybean cultivar effects on cotyledon characteristics
were similar with planting dates except cotyledon dry
weight until V2 growth stage which differed in seed dry
weights according to planting times (Fig. 3).

Leaf dry weight and water content of three soybeati culti-
vars according to three planting dates were shown in Table
2. Leaf dry weight of soybean seedlings among three plant-
ing dates was not differed from V1 to V3 growth stages.
However, significant different leaf dry weights were found
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Table 2. Leaf dry weight, and leaf water content from V1 to V5 growth stages of three soybean cultivars according to three planting dates.

Leaf dry weight (g/10 plants) Leaf water content (%)
Plgg?eng Cultivar Growth stage Growth stage
V1 V2 V3 V4 V5 Vi V2 V3 V4 VS

Hwangkeumkong 121 240 520 1228 1801 781 807 799 829 840
Mav 13 Shinpaldalkong 2 090 276 511 1608 2138 805 785 816 791 807
&y Pungsannamulkong ~ 0.99 249 594 1151  19.08 776 756 791 839 828
Mean 104 255 541 1329 1949 787 783 802 820 825
Hwangkeumkong 103 301 625 863 1029 80.7 803 838 80 856
Jue3  Shinpaldalkong 2 105 288 515 798 1118 80.0 789 831 842 847
une Pungsannamulkong 076 191 356 581 853 8.1 795 828 852 846
Mean 095 260 499 748 10.00 806 796 832 88 850
Hwangkeumkong ~ 0.88 240 425 948 1470 845 819 857 849 820
Shinpaldalkong 2 081 263 368 866 13.63 834 779 848 820 805
Pungsannamulkong ~ 0.88  2.16 404 834 1163 793 812 835 815 808
Mean 085 240 399 883 1331 824 803 847 88 8Ll
June24  F-test NS NS NS * *x NS NS * NS *
Hwangkeumkong 104 260 524 1013 1434 8.1 810 8.1 833 839
Shinpaldalkong 2 093 275 465 1090 1539 813 784 832 818 820
Pungsannamulkong 0.8  2.19 451 855 13.08 793 788 818 835 827
F-test NS NS NS NS NS NS NS NS NS *

Table 3. Stem dry weight, and stem water content from V1 to V5 growth stages of three soybean cultivars according to three planting dates.

Stem dry weight (g/10 plants)

Stem water content (%)

Plgx:ling Cultivar Growth stage Growth stage

A2 V2 V3 V4 V5 Vi V2 V3 V4 V5
Hwangkeumkong 0.58 1.04 1.85 4.39 7.34 84.2 85.8 843 86.2 86.0
May 13 Shinpaldalkong 2 045 0.94 1.83 4.84 7.54 81.5 85.3 85.1 83.5 84.3
Pungsannamulkong 0.34 1.08 2.94 3.94 6.90 834 82.0 84.4 87.2 85.6
Mean 045 101 2.20 4.39 7.26 83.0 84.4 84.6 85.6 853
Hwangkeumkong 0.58 1.34 2.29 3.06 354 842 852 87.6 87.1 88.2
Tune 3 Shinpaldalkong 2 0.46 0.86 1.88 244 3.89 84.5 85.0 87.1 . 874 87.1
Pungsannamulkong 0.31 0.69 1.39 2.28 3.14 84.3 86.2 87.1 88.3 87.3
Mean 0.45 0.96 1.85 2.59 353 843 855 873 87.6 87.5
Hwangkeumkong 0.53 1.11 1.71 5.86 5.18 87.1 85.9 87.1 81.6 84.4
Shinpaldalkong 2 043 0.80 1.30 333 4.75 85.6 84.9 86.5 83.2 83.6
Pungsannamulkong 048 0.89 1.50 3.00 3.86 85.0 85.8 86.5 84.1 84.7
Mean 0.48 0.94 1.50 4.06 4.60 859 85.5 86.7 83.0 84.2

June 24 F-test NS NS NS NS *ok NS NS *k * Hok
Hwangkeumkong 0.56 1.16 1.95 444 5.35 85.2 85.6 86.3 85.0 86.2
Shinpaldalkong 2 0.45 0.86 1.66 3.54 5.39 83.9 85.1 86.2 84.7 85.0
Pungsannamulkong 0.38 0.89 1.94 3.08 4.64 84.2 84.7 8.0 86.5 85.9

F-test NS NS NS NS * NS NS NS NS *

from V4 to V5 growth stages among three planting dates
showing higher in May 13 planting which delayed devel-
opment of growth stage due to lower temperatures. No cul-

tivar differences of leaf dry weights were found from V1 to
V5 growth stages. Leaf water content was not consistent
among three planting dates and three cultivars probably
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Table 4. Plant height, branch number, leaf number, total dry weight, and leaf/stem ratio from V1 to V5 growth stages of soybean plants
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according to three planting dates.

) Growth stage
Division Planting date
V1 V2 V3 V4 \'A)
May 13 3.53a 4.83a 6.70a 11.20a 15.10a
Plant height Jun. 3 3.57a 5.50a 10.33b 12.60a 16.77a
(cm) Jun. 24 6.27b 7.70b 9.80b 12.00a 14.50a
Mean 4.46 6.01 83.94 11.93 15.46
May 13 - - - 0.27a 0.87a
Branch number Jun. 3 - - - 0.13a 0.17b
(no./plant) Jun. 24 - - - 0.50a 1.00a
Mean - - - 0.30 0.68
May 13 2.0a 3.0a 4.3a 7.5b 9.2b
Leaf number Jun. 3 2.0a 3.3b 4.7a 5.6a 6.4a
(no./plant) Jun. 24 2.0a 3.2ab 4.1a 5.5a 7.2a
Mean 2.0 32 44 6.2 7.6
May 13 1.49a 3.56a 7.63a 17.68b 26.75¢
Total dry weight Jun. 3 1.40a 3.56a 6.84a 10.06a 13.51a
(g/10 plants) Jun. 24 1.33a 3.33a 5.49a 12.89a 17.91b
Mean 1.41 3438 6.65 13.54 19.39
May 13 2.35a 2.52a 2.54a 3.01a 2.68a
Leaf/Stem ratio Jun. 3 2.16a 2.79a 2.68a 2.88a 2.83a
Jun. 24 1.81a 2.63a 2.67a 2.34a 291a
Mean 2.11 2.65 2.63 2.74 2.81

Table 5. Plant height, branch number, leaf number, total dry weight, and leaf/stem ratio from V1 to V5 growth stages of three soybean

cultivars.
L . Growth stage
Division Cultivar
V1 V2 V3 V4 V5
Hwangkeumkong 5.30c 6.87a 9.67a 12.80a 16.07a
Plant height Shinpaldalkong 2 4.53b 5.93a 8.67a 11.07a 15.17a
{(cm) Pungsannamulkong 3.53a 5.23a 8.50a 11.93a 15.13a
Mean 445 6.01 8.95 11.93 15.46
Hwangkeumkong - - - 0.13a 0.60a
Branch number Shinpaldalkong 2 - - - 0.13a 0.63a
(no./plant) Pungsannamulkong - - - 0.63a 0.80a
Mean - - - 0.30 0.68
Hwangkeumkong 2.0a 32a 4.4a 59a 73a
Leaf number Shinpaldalkong 2 2.0a 32a 4.2a 6.4a 7.4a
(no./plant) Pungsannamulkong 2.0a 3.1a 4.4a 6.3a 8.1a
Mean 2.0 32 43 6.2 7.6
Hwangkeumkong 1.60a 3.76a 7.19a 14.56a 19.69a
Total dry weight Shinpaldalkong 2 1.36a 3.63a 6.31a 14.44a 20.7%a
(g/10 plants) Pungsannamulkong 1.25a 3.08a 6.45a 11.63a 17.71a
Mean 1.40 3.49 6.65 13.54 19.40
Hwangkeumkong 1.85a 2.24a 2.67a 241a 2.73a
Leaf / Stem ratio Shinpaldalkong 2 2.06a 3.19a 279 3.07a 2.86a
Pungsannamulkong 2.40a 2.51a 2.43a 2.75a 2.83a
Mean 2.10 2.65 2.63 274 2.81
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rainfall differences during sampling periods, and ranged 78
to 85% in mean values. Stem dry weight of three soybean
cultivars according to three planting dates was showed
similar results with leaf dry weight and appeared differ-
ence at V5 growth stage (Table 3). Differences in stem
water content among three planting dates were found from
V3 to V5 growth stages and ranged 83 to 87%. Stem water
content of three soybean cultivars was differed at growth
stage of V5.

Plant height, branch number, leaf number, total dry
weight, and leaf/stem ratio of soybean seedlings were sum-
marized in Table 4. Among three planting dates, differences
in plant height of soybean seedlings were found from V1 to
V3 growth stages showing higher in June 24 planting which
was higher temperatures. Number of branches was appeared
from V4 growth stage according to three planting dates.
Total dry weight was increased rapidly during progress of
growth stage and differed among three planting dates from
V4 to V5 growth stages. Leaf/stem ratio was not differed at
all growth stages among three planting dates and increased
gradually with development of growth stage.

Plant height of soybean seedlings among three cultivars
was differed only in V1 growth stage which showed larger
seeded cultivar having higher plant height (Table 5). Total
dry weight was not differed at all growth stages measured
among three cultivars. Leaf /stem ratio among three culti-
vars was similar at five growth stages and gradually
increased from 2.1 at V1 to 2.8 at V5 growth stages. The
results from this experiment indicated that seedling estab-
lishment of soybeans was continued from VE to V3 growth
stages affecting mainly by planting dates which exposed
range of temperatures and by soil moisture conditions which
fluctuated with rainfall in the planted field. And, the young
vegetative plants of soybean will be started from V4 growth
stage which showing the differences of various growth char-
acteristics.
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