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Varietal Responses of Soybean Germination and
Seedling Elongation to Temperature and
Polyethylene Glycol Solution?
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ABSTRACT

Germination and seedling elongation of soybeans [Glhcine max. (L.) Merr., cults. Bangsakong, Hill,
Paldalkong, Danyupkong, Baegwun-kong. Kwangkyokong, Changyupkong and Hwangkeumkong] were
measured at two temperatures (15 and 30°C) and four polyethylene clveal 10,000 (PEG) solutions (0. 20. 30
and 35g/100g H.,0). Adjustments of PEG solution were based on water potentials of 0.0, 0.5, -1.1 and -1.
5 MPa at room temperature. Observations were made at 3, 6, 9 and 12 days for 15C and I, 2, 3 and 4 days
for 30°C. Fifteen seeds of each cultivar were placed on Whatman No. 1 (9cm) filter paper in plastic
pertridishes, and adjusted to 15 ml of the proper PEG solution supplemented with 0.2 percent thiram using
automatic syringe. The dishes were covered with cap. The seeds were germinated at a continuous temperature
of 15 or 30°C under dark conditions for programmed period.

Seedling moisture content and seedling length of eight soybean cultivars decreased as PEG concentration
increased both at 15 and 30°C. Cultivar differences in seedling moisture content and seedling length were found
among eight soybean cultivars at temperatures of 15 and 30°C. Larger sized cultivar absorbed more moisture
than samller sized cultivar. However, reverse results were obtained on the seedling moisture content of each
of eight soybean cultivars. Cultiver Hill and Paldalkong showed greater seedling length than the other six
cultivars from 20 to 30g/100g water of PEG concentrations both at 15 and 30°C. The results of this study
indicated that germination test of soybean seeds in aqueous solutions of PEG has potential for screening

soybean cultivars for improved emergence during moisture stress.
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INTRODUCTION

Successful soybean {Glycine max(L.) Merr. ]
production depends on the establishment of rapid
and uniform emergence of seedlings from the soil.
Speed of germination is intimately related to the
intensity of moisture stress. Hunter and Erickson”
concluded that the minimum seed moisture content
required for germination of soybeans was about 50
percent? and soybeans required a soil moisture level
not less than -0.66MPa for germination. However,
Waldren and Flowerday'® reported the water
requirement for initiation of germination of soybeans
to be about 60 percent. Wilson'” found that
soybeans of good quality germinated approximately
as well at the low temperatures of 10 and 15 as at
the higher temperatures of 25 and 30°C. Hypocotyl
growth rate of soybean seedlings increased as
temperature increased from 15 to 30°C'*®.

Grabe and Metzer® found distinct cultivar
differences in emergence ability of soybeans. These
differences were related to the effect of temperature
on hypocotyl elongation and appeared to be
genetically controlled. Consistent genotypic diffe-
rences existed for tolerance to high temperature
during germination®. Somers et al'® reported that
the emergence of four sunflower (Helianthus annuus
L )cultivars was significantly different at soil water
potentials from -0.4 to -1.4 MPa. Johnson and
Wax® found that a greater number of laboratory
tests of soybeans correlataed with field emergence in
favorable seedled environ-ments than in unfavorable
environments. However, the laboratory test
measurement was correlated with emergence for all
planting sites and dates of planting'®.

Polyethylene glycol (PEG) solutions appeared to
be desirable for moisture stress simulation due to the
lack of toxic effects and larger molecular weight
which inhibits coat penetration'¥. Parmar and
Moore'? reported effects of simulated drought by
PEG solutions on corn (Zea mays L.) germination
and seedling development. Water absorbed by corn

seeds decreased with increasing osmotic pressure

levels', Somers et al'® tested the PEG germination
for selecting sunflower cultivars and found that the
relationships of emergence to soil water potential
and germination to PEG water potential were
similar. Kaufmann and Ross” reported the
interaction of temperature and water potential. At
given PEG concentrations, water potential increased
linearly with temperature'”. and the water potential
of PEG solutions was evaluated by Michel'®.
Stand establishment is a critical period in the life
cycle of soybeans. Depending on time and location
of planting, soil conditions can vary from cold and
wet to hot and dry. The objective of this experiment
was to evaluate the potential usefulness of
polyethylene glycol for simulating the influence of
drought conditions on germination and seedling

development of soybeans.
MATERIALS AND METHODS
Germination experiments were conducted at the

Department of Horticulture, Pai Chai University,
Daejon. Seeds of soybeans [Glycine max. (L.)

Merr. cults. Bangsakong, Hill, Paldalkong,
Danyupkong, Baegwunkong, Kwangkyokong,
Changyupkong, and Hwangkeumkong] were

measure at two temperatures (15 and 30°C) and four
polyethylene glycol (PEG) 10, 000 soultions (0, 20,
30 and 35g/100g H,0). Adjustiments of PEG 10,
000 solutions were based on water potentials of 0.0,
-0.5, -1.1 and -1.5 MPa at room temperature. Split
plots in time were used with three replications.
Observations were taken at 3, 6, 9 and 12 days for
15°C and 1, 2, 3 and 4 days for 30C.

Seeds of soybeans produced in 1986 were obtained
from the Crop Experiment Station, RDA, Suwon.
Seeds were screened to obtain uniform size. V isibly
cracked or diseased seeds were discarded. Seed
fresh weight, seed dry weight and seed moisture
content of eight soybean cultivars recommended
nationwide are shown in Table 1. Fifteen seeds of
each cultivar were placed on What man No. 1 (9¢m)
filter paper in plastic petridishes, and adjusted to

15m! of the proper PEG 10, 600 solution supplemented
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Table 1. Seed fresh weight, dry weight and moisture
content of eight soybean cultivars.

. Seed fresh Seed S.eed
Cultivar weight d.ry moisture
weight content
...... g/loo...... (%)
Bangsakong 10.0 9.0 9.3
Hill 13.5 12.2 9.5
Paldalkong 16.2 14.7 9.2
Danyupkong 17.1 15.4 9.9
Baegwunkong 20.0 18.0 9.8
Kwangkyo 20.4 18.5 9.4
Changyupkong 28.4 25.7 9.5
Hwangkeumkong 28.9 26.2 9.3
LSD 0.05 0.7 0.6 NS

NS : no significant.

with 0.2 percent thiram using automatic syringe.
The dishes were covered with cap. The seeds were
germinated at a constant temperature of 15 or 30°C
under dark conditions for specified period. Seeds or
seedlings were withdrawn from the solution, quickly
rinsed with tap water to remove surface PEG and
blotted dry with paper towels.

Data recorded included seedling fresh weight,
seedling dry weight, seedling moisture uptake,
seedling moisture content and seedling length. Seed
or seedling moisture content and dry weight were
calculated following oven drying at 105C to
constant weight. Seedling length included lengths of
both the hypocotyl and radicle. All data were
subjected to standard analysis of variance and
correlation. In the analysis of variance, an arcsin
transformation was used on data for seedling
moisture content and a spuare root transformation

was used on data for seedling length.

RESULTS AND DISCUSSION

Observations of seed or seedling moisture content,
seedling length and seedling dry weight of eight
soybean cultivars were measured at 3, 6, 9 and 12
days for treatments at 15°C and 1, 2, 3 and 4 days
for those at 30°C.

Seed or seedling moisture uptakes of eight
soybean cultivars were reduced with polyethylene
glycol (PEG) 10, 000 solutions both at 15 and 30°C
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Fig. 1. Effectsof temperature and PEG conc-
:ntration during germination time on
seedling moisture content ot eight
soybean cuitivars.

(Fig. 1). Seed nor seedling moisture contents of

eight soybean cultivars increased rapidly at the early
stages of germination. The increase was until 3 days
at 15C and 1 day at 30°C. There after, seed or
seedling moisture contents of eight soybean cultivars
were paralleled with PEG concentrations until 12
days at 15C and 4 days at 30°C. However, increase
in seedling moisture content of PEG untreated
control continued as germination time increased both
at 15 and 30°C. Significat differences in seed or
seedling moisture content of eight soybean cultivars
were found among PEG concentrations from 20 to 35
g/100g water at all germination times both at 15 and
30C.

Seedling growth of eight soybean cultivars was
not visible when PEG concentration was 35g/100g
water at all germination times at 15°C (Fig. 2).
Seedling lengths of eight soybean cultivars were
decreased as PEG concentration increased both at 15
and 30°C. At 15, seedling lengths of eight soybean

cultivars decreased singificantly from 6 to 12 days of
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Fig. 2. Effects ot temperature and PEG conc-
entra_tlon during germination time on
seedling lengtn of eight soybean cultivars.
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germination time compared to PEG untreated
control. However, the decreases in seedling lengths
of those cultivars were found from 1 day of
germination time at 30°C.

Seed or seedling dry weights of eight soybean
cultivars were similar among PEG concentrations
from 20 to 35g/100g water at temperatures of 15 and
30C (Fig. 3). With PEG untreated control, seed or
seedling dry weights of eight soybean cultivars
decreased compared with those of PEG treatments
at 9 and 12 days of germination time at 15°C. These
decreases in seed or seedling dry weights of those
occurred from 2 to 4 days of germination time at
30°C. PEG treatments did not affect seed or seedling

dry weights of eight soybean cultivars, indication
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Fig. 3 Effects of temperature and PEG conc-
entration during germination time on
seedling dry weight of eight soybean
cultivars.

that PEG inhibited water penetration into the seeds
or seedlings causing reduced respiration.

Highly significant positive correlation coefficients
were found among initial seed fresh weight, seedling
fresh weight, seedling dry weight and seedling
uptake (Table 2).
content showed highly significant negative corr-

moisture Seedling moisture
elations with the other four variables. Seedling
length showed no singificant correlations with all
other five variables.

Cultivar differences in seedling fresh weight,
seedling dry weight, seedling moisture uptake,
seedling moisture content and seedling length of
eight soybean cultivars were found as shown in
Table 3. Seedling fresh weight, Seedling dry weight
and seedling moisture uptake of eight soybean
cultivars increased both at 15 and 30°C as initial
cultivar seed size increased (Table 1), indicatiog
that larger sized cultivar absorbed more moisture
than smaller sized cultivar. However, reverse
results were obtained on the seedling moisture
contents of eight soybean cultivars both at 15 and
30°C. On the other hand, seedling length of each of
eight soybean cultivars showed no consistence to
cultivar seed size at temperatures of 15 and 30°C.

Seedling moisture content and seedling length of

Table 2. Correlation coefficients among seed fresh weight, seedling length, seedling fresh weight,

seedling dry weight,

soybean cultivars.

seedling moisture uptake and seedling moisture content of eight

Seed Seedling Seedling Seedling Seedling
Variable fresh length fresh dry moisture
weight weight weight uptake
Seedling -0.5558
length NS
Seedling 0.9980 —0.5262
fresh weight - i NS
Seedling - 0.9991 -0.5528 0.9990
dry weight e NS .
Seedling 0.9952 -0.4969 0.9990 0.9961
moisture upta- .. NS . .
ke
Seedling -0.9834 0.4564 -0.9833 -0.9822 -0.9830
moisture cont- .e NS . e e

ent

**  significant at the (.01 probability level.

NS : no significant.
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Table 3. Seedling fresh weight,

soybean cultivars at 15 and 30°C

dry weight, moisture uptake, moisture content and length of eight

Seedling Seedling Seedling Seedling Seedling
Cultivar fresh dry moisture moisture length
weight weight uptake content
A. 15C £/100 (%) (mm)
Bangsakong 24.8 9.3 15.5 60.3 8.9
Hill 30.6 12.0 18.6 59.1 9.4
Paldalkong 36.3 14.5 21.8 57.3 11.0
Danyupkong : 36.3 14.7 21.6 57.9 7.3
Baegwunkong 42.9 17.8 25.1 56.6 9.5
Kwangkyo 43.9 18.2 25.7 56.4 11.0
Changyupkong 57.9 25.5 32.3 54.3 5.6
Hwangkeumkong 57.6 25.8 31.8 53.7 6.6
LSD 0.05 1.8 0.6 1.6 0.8 2.7
B. 30C
Bangsakong 22.4 9.1 13.3 58.2 3.5
Hill 29.3 11.9 17.4 58.1 5.8
Paldalkong 34.6 14.6 19.9 55.6 6.5
Danyupkong 34.5 14.8 19.6 56.0 2.7
Baegwunkong 41.1 17.8 23.3 55.3 5.2
Kwangkyo 41.8 18.2 23.6 54.9 5.5
Changyukong 57.0 25.9 " 31.1 53.2 2.2
Hwangkeumkong 55.3 25.6 29.7 52.6 2.4
LD 0.05 1.2 0.4 0.9 0.6 1.6

eight soybean cultivars were affected with PEG
concentrations both at 15 30°C (Fig. 4). Seedling
moisture content and seedling length of eight
soybean cultivars were reduced as PEG conce-
ntration increased from 20 to 35g/100g water at

temperatures of 15 and 30°C. Cultivar differences in
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Fig. 4. Effects of PEG concentration on seedling
moisture content and seedling length of
eight soybean cultivars at 15 and 30C

seedling length of eight soybean cultivars were found
with PEG concentrations (Table 4). With PEG
untreated control, Seedlings of cultivar Kwangkyo
elongated most rapidly at 15°C among eight soybean
cultivars. However, cultivar Hill and Paldalkong
showed greater seedling length than other six
soybean cultivars from 20 to 30g/100g water of PEG
concentrations both at 15 and 30C.

Hunter and Erickson” found that the seed
moisture content required for soybean germination
was about 50 percent?. However, Waldren and
Flowerday'® reported that the water requirement to
begin germination of soybeans was about 60
percent. Grabe and Metzer® found distinct cultivar
differences in emergence ability of soybeans. In this
experiments, cultivar differences in seedling
moisture content and seedling length of soybeans
were found among eight cultivars and appeared to
be genetically controlled.

PEG solutions appeared to be disirable for
moisture stress simulation'¥. Parmar and Moore'?
reported effects of simulated drought by PEG



Table 4. Seedling moisture content and length on PEG concentration of eight soybean cultivars at 15 and 30°C.

Seedling moisture content (%)

Seedling length (mm)

Cultivar

PEG 0 PEG20 PEG30 PEG35 PEG ¢ PEG20 PEG30 PEG35
A. I5C
Bangsakong 72.1 60.3 56.1 53.0 27.5 7.6 0.6 0.0
Hill 70.0 59.2 55.5 51.6 27.5 9.3 0.8 0.0
Paldalkong 70.9 57.7 51.6 49.2 30.8 12.5 0.7 0.0
Danyupkong 69.0 58.2 53.9 50.5 21.6 7.6 0.1 0.0
Baegwunkong 68.4 56.9 52.6 48.7 30.6 7.3 0.1 0.0
Kwangkyo 68.9 56.7 51.5 48.3 35.5 8.8 0.0 0.0
Changyupkong 65.6 55.5 49.6 46.6 18.7 3.1 0.6 0.0
Hwangkeumkong 65.7 54.5 49.1 45.6 23.0 3.4 0.0 0.0
B. 30C
Bangsakong 67.1 58.7 55.2 51.8 9.6 4.1 0.2 0.1
Hill 67.6 58.9 54.5 51.4 14.6 7.1 1.5 0.1
Paldalkong 68.7 55.8 51.4 46.5 16.6 8.8 0.6 0.0
Danyupkong 65.6 57.0 52.7 48.9 7.3 3.2 0.1 0.0
Baegwunkong 66.2 55.8 51.3 47.9 15.8 5.0 0.1 0.0
Kwangkyo 67.1 55.8 50.3 46.6 16.8 4.9 0.1 0.0
Changyupkong 64.6 54.5 49.1 44.8 7.5 1.3 0.0 0.0
Hwangkeumkong 64.2 53.9 48.4 43.8 7.8 1.7 0.0 0.0

LSD 0.05 ; Between cultivars within PEG concentration : 1.7 and 5.5 at 15°C, and 1.3 for seedling moisture

content and 3.3 for seedling length at 30°C. Between PEG concentrations within cultivar : 1.8 and

7.9 at 15°C, and 1.3 for seedling moisture content and 4.6 for seedling length at 30°C

solutions on corn (Zea maysL.) germination and
seedling development. Water absorbed by corn seeds
decreased with increasing osmotic pressure levels'*.
Somers et al'® tested the PEG germination for the
selection of sunflower (Helianthus annuus L.)
cultivars being able to emerge under low soil
moisture conditions and found that the relationships
of emergence to soil water potential and germination
to PEG water potential were similar. The results of
this study indicated that germination test of soybean
seeds in aqueous solutions of PEG has potential for
screening soybean cultivars for improved emergence
during moisture stress.

] r

HE(I5°C ¥ 30°C)e PEGH#M(O, 20,30 ¥
35g/100g H,0) F=& 2eld KGESE (BT,
Hill &, AF T, %%, a2 T, t#%, EET ¥
HeT)Y @ AR &2 fiEstglch PEG
BE 5o #EE ®EA4 00, -05 -11 %
-15MPa A#AZal48 H@e sigich KK &

& 15CAA 3,69 2 128 MK 2R, 30 Coel
Ae 1,23 9 48MBoR skl ok
15 ¥i2] & ¥% plastic petridish 2t2] Whatman
No. 1 (Scm) W#SHol Fol A HEMHEE 02%
Thiram 4 ®ME BEFIE PEGEHKS 15ml 4
#msled ok Plastic petri-dish & Cap 2.2 #f3}e
15C % 30°C el s Told stz gich
818 &ES #kpaE®w #iKel 15°C % 30°C
ol 4 $£3 PEGHEK #EZE WMLFE Bosglich
#ikraiEal @R REMERS T B 3%
3] #Rslodcel KKfio]l MHE Rl kS 7Y K
4% Bt ey KASR (%)L RfEe]l =%
o}, Hill 33 AT T BEAA s PEG
BHEBKE 2014 30g/100g H, O 7bA] fh @ Sl

[ I 7
ooty m

st 2 Mk voch AR Rge ARKRA
A PEGHEK F%o A3t AGHFES HEpos

Rk Bl WS A RERE 8k "ol

LITERATURE CITED

1. Bowen, H. D. and J. W. Hummel. 1980.

— 36 -



10.

Critical factors in soybean seedling emergence.
pp. 451-469. In Frederick T. Corbin (ed.)
World Soybean Research Conference 1II :
Boulder, Col-

Proceedings. Westview Press.

orado.

. Cardwell, V. G. 1984. Seed germination and

M.B. Tesar (ed.)
Physiological Basis of Crop Growth and Devel

crop production. In

—-opment. p. 53-62. Amer. Soc. of Agron. Crop
Sci. of Amer Madison, Wisconsin.

B, N. and H. C. Minor. 1979.
Response of soybeans to high temperature

Emerson,

during germination. Crop Sci. 19 : 553-556.

. Gilman, D. F., W. R. Fehr and J. W. Burris.

1973.
elongation of soybeans. Crop Sci. 13 : 246-249.
Grabe, D. F. and R. B. Metzer. 1969.

Temperature — induced inhibition of soybean

Temperature effects on hypocotyl

hypocotyl elongation and seedling emergence.
Crop Sci. 9: 331-333.

. Hatfield, J. L. and D. B. Egli. 1974. Effect of

temperature on the rate of soybean hypocotyl
elongation and field emergence. Crop Sci. 14 :
423-426.
Hunter, J. R. and A. E. Erickson. 1952.
Relation of seed germination to soil moisture
tension. Agron. J. 44 : 107-109.

R. R. and L. M. Wax. 1978.
Relationship of soybean germination and vigor

Agron. J. 70:

Johnson,

tests to field performance.
273-278.

. Kaufmann, M. R. and K. J. Ross. 1970. Water

potential, temperature, and Kinetin effects on
seed germination in soil and solute systems.
Amer. J. Bot. 57 : 413-419.

Michel, B. E. 1983. Evaluation of the water

_.37_

11.

12.

13.

14.

15.

16.

18.

potentials of solutions of polyethylene glycol 8,
000 both in the absence and presence of other
solutes. Plant Physiol. 72 . 66-70.

. and M.R. Kaufmann. 1973. The
osmotic potential of polyethylene glycol 6,000
Plant Physiol. 51:914—916.
Parmar, M. T. and R. P. Moore. 1966. Effects
of simulated drought by polyethylene glycol
solutions on corn germination and seedling
development. Agron. J. 58 : 391-392.
. 1968. Carbowax

and sodium chloride for

and
6,000, mannitol,

simulating drought conditions in germination

studies of corn of strong and weak vigor.
Agron. J. 60 : 192-195.

Sharma, M. L. 1973. Simulation of drought and
its effect on germination of five pasture species.
Agron. J. 65:982-987.

D. A., S. E. Ullrich and M. F.
1983. Sunflower germination under
Agron. J. 75

Somers,
Ramsay.
simulated drought stress.
570-572.

Waldren, R. P. and A. D. Flowerday. 1982.
Seeds and seedling. Ch. 5. In Introductory Crop
Burgess Pub. Co.,

Science. Minneapolis,

Minnesota .

. Wilson, H, K. 1928. Wheat, sovbean and oat

germination studies with particular reference to
temperature relationships. Agron. J. 20:
599-619.

Yaklich, R. W. and M. M. Kulik. 1979.
Evaluation of vigor tests in sovbean seeds :
Relationship of the standard germination test,
seedling vigor classification, seedling length,
and tetrazolium staining to field performance.

Crop Sci. 19 : 247—-252.



