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Abstract: Seed priming have been used successfully in an attempt to improve germination and seedling establishment
of many vegetables and field crops.  The objective of this research was to study the effect of polyethylene glycol (PEG)
8000 concentrations and seed treatment durations on soybean seed germination. Three experiments were conducted:
In experiment 1, the seeds were treated for 1, 2, or 7 days. The osmotic potentials of the PEG  solutions were 0, -0.1,
-0.2, -0.4, -0.5, -0.7 and -1.1 MPa including control.  In control the seeds were treated with water for the above
duration.  In experiment 2, the seeds were treated for 24, 48 or 72 hours  The osmotic potentials of the PEG solutions
was 0, -0.3, -0.5, -0.9 and -1.5 MPa including control.  The control was not treated with water or PEG. In experiment
3, the seeds were separated into small and large seed and was treated with PEG solution having osmotic potentials of
-0.5, -1.1 and -1.8 MPa for 0 (control), 24 and 48 hours.  The control was not treated with water or PEG.  PEG solution
having osmotic potentials (-1.1 and -1.8 MPa) improved germination compared to control (no PEG treatment).  Seed
treatment durations longer than 48 hours was deleterious and reduced the germination. Seed size has no effect on
germination. 
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Introduction
Poor germination and low seed viability are among the serious
problems in the production of soybean.  Several methods have
been used to precondition seeds in an attempt to improve
germination and seedling establishment of many vegetables
and field crops.  These include alternate wetting and drying,
pre-germination and controlled hydration by means of an
osmoticum such as polyethylene glycol (PEG).  This method of
controlled hydration is called priming or osmoconditioning
(Khan et al., 1990). 
Seed priming is a pre-sowing, controlled hydration treatment
in which quiescent seeds are exposed to an external water
potential sufficiently low to prevent radicle protrusion and yet
stimulate physiological and biochemical activities (Bradford,
1986; Khan, 1992).
Primed seeds can have improved germination rate and
uniformity, particularly under adverse seed bed conditions
such  as  low  temperature  (Pill  and  Savage,  1988; 
Stoffella et al., 1988), matric stress (Akers et al., 1987; Frett
and Pill, 1989), salinity (Pill et al., 1991; Wiebe and
Muhyaddin, 1987) and heat (Wurr and Fellows, 1984).
Seed size is another important factor affecting  germination
and stand establishment of most of the plant species specially
soybean (Armstrong et al., 1988a).
Most of the seed priming work has been done on vegetables
and other field crops with little work on soybean seed priming. 
Therefore, this research was conducted to study the effect of
PEG 8000 concentrations and seed treatment durations on
germination of soybean using seed of different sizes.

Materials and Methods
The osmotic potentials of PEG 8000 solutions were
determined according to Michel (1983).  Seeds were primed
in aerated solution of PEG using an aquarium pump.  Distilled
water was added every day so that moisture content of the
solution would not drop from a constant level.  After priming,
the seeds were rinsed with tap water for about two minutes.

Experiment 1: The seeds harvested from January 16 planted
soybean were primed in an aerated solution of PEG 8000 in
flasks for 1, 2 and 7 days using 0, 50, 100, 150, 200, 250
and 300 g PEG per kg distilled water.  The osmotic potentials
of the PEG  solutions were 0, -0.1, -0.2, -0.4, -0.5, -0.7 and
-1.1 MPa respectively.  The control was seed aerated with
distilled water for 1, 2 and 7 days.  The primed seeds were
germinated in an incubator having 3 shelves (blocking factor)
on August 22, 1991 at 24± 2 oC.  Twenty seeds were sown
in each petri dish measuring 14 cm in diameter and replicated
three times.  The petri dishes were filled with sand and wetted
with distilled water.  Germination counts were made daily until
the 14th day.  Thereafter no additional germination occurred. 
The experimental design was a Randomized Complete Block
Design with 7x3 factorial (7 PEG concentrations, 3 treatment
durations).  The data were analyzed according to Snedecor
and Cochran (1989) using analysis of variance techniques and
LSD test was applied when F-values were significant. 

Experiment 2: It was observed from the experiment 1 that
lower PEG concentrations and longer seed treatment durations
resulted in poor germination.  Therefore, this experiment was
designed to use higher concentrations and shorter seed
treatment  duration.   Seeds   were  primed  for  24,  48 and
72 hours using 0, 120, 200, 280 and 360 g PEG per kg
water.  The water potentials of the PEG solutions was 0, -0.3,
-0.5, -0.9 and -1.5 MPa respectively.  The control was dry
untreated seed.  The primed and unprimed (control) seeds
were germinated in an incubator in petri dishes filled with sand
as in experiment 1, sown on September 12, 1991.  The
experimental design was the same as that of experiment 1,
again with 3 blocks. Germination counts and statistical
analysis were done as in experiment 1.

Experiment 3: It was observed from the experiment 2 that
lower  PEG   concentrations  of 120 g PEG per kg water and 
longer seed treatment duration of 72 hours resulted in poor
germination.  Seed size is another factor which in most cases
affect    the  germination.  Therefore,  higher  concentrations,
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shorter seed treatment durations and seed of different sizes
were used in this experiment. Seeds were separated into small
and large sizes by passing the seed through screens according
to Armstrong et al. (1988b).  
Seeds were primed for 0 (control), 24 and 48 hours using
200, 300 and 400 g PEG per kg water.  The water potentials
of the PEG solutions was -0.5, -1.1 and -1.8 MPa respectively. 
The control was dry untreated seed.  The primed and
unprimed (control) seeds were germinated in an incubator in
petri dishes filled with sand as in experiment 1, sown on
September 26, 1991.  The experimental design was
randomized  complete   block   design   with  2x3x3 factorial
(2 seed sizes, 3 PEG concentrations, 3 treatment durations)
with 3 blocks.  Germination counts were made as in
experiment 1. Statistical analysis of the data were done
according to Snedecor and Cochran (1989) using analysis of
variance techniques and LSD test was applied when F-values
were significant. 

Results
Experiment 1: Concentration (C), seed treatment duration (D)
and  CxD  interaction  significantly  affected  germination
(Table 1).  Seed treated with aerated distilled water for 7 days
was deleterious and resulted in lowest germination (Table 2). 
However, this reduction decreased when seed was treated for
2 or 1 day.  Treating seed with PEG for 7 days also reduced
germination at all of the PEG concentrations. Seed germination
increased with increasing PEG 8000 concentration.  Maximum
germination was recorded from seed treated with 300 g PEG
for 2 days. 

Table 1: Analysis of variance of germination of soybean as affected by
PEG 8000 concentration, seed treatment duration and seed
size

Source Expt.1 Expt. 2 Expt. 3 
---------------------- --------------------- -----------------------
D.F. M.S D. F.  M.S D. F. M.S

Reps (R) 2 11.63 2 6.66 2 4.60
Conc (C) 6 34.48** 4 85.09** 2 13.90*

Dur (D) 2 552.12** 2 8.6 2 1.35
Size (S) --- --- --- --- 1 8.96
CxD 12 12.33* 8 6.14 4 1.41
CxS --- --- --- --- 2 7.46
SxD --- --- --- --- 2 4.02
CxDxS --- --- --- --- 4 8.67*
Error 40 6.03 30 10.03 34 3.02
Total 62.00 47.00 53.00
* = Significant at 0.05 level of probability ** = Significant at 0.01
level of probability ***= Corrected total

Table 2: Germination (%) of soybean as affected by PEG 8000
concentration, seed treatment duration

Concentration Treatment Duration (days)    Mean
(gPEG/kg H2O) -------------------------------------------

1 2 7
0 36.7h* 14.0i 5.0j 18.6f
50 44.0g 57.0d 5.0j 35.3e
100 52.0l 57.0d 51.0j 38.0d
150 45.1fg 60.1cd 5.0j 36.7e
200 67.0b 50.0ef 5.0j 40.7c
250 62.0c 57.0d 15.0j 44.7b
300 60.1cd 74.0a 15.0i 49.7a
Mean 52.4a 52.7a 7.9b
* = Means followed by different letters are significantly different using
LSD Test at 5% probability level

Table 3: Germination (%) of soybean as affected by PEG 8000
concentration, seed treatment duration

Concentration Treatment Duration (hours) Mean
(gPEG/kg H2O) ------------------------------------------------

0 24 48 72
120 64.6 35.7 34.0 25.5 39.9c*
200 68.0 59.9 64.6 39.1 57.8b
280 68.0 66.3 66.3 56.1 64.2a
360 64.6 69.7 49.3 76.5 65.0a
Mean 66.3 57.8 53.5 49.3

Experiment 2: Concentration (C) significantly affected
germination (Table 1), whereas seed treatment duration (D)
and CxD interaction effects were not significant.  Germination
increased with increasing PEG concentration (Table 3). 
However, germination was poorer than the control for seed
treated with 120-200 g PEG and statistically equal to the
control at 280 g PEG.  Maximum germination (71.4%) was
recorded for seed that received 360 g PEG per kg water. 

Experiment 3: Concentration (C) and CxDxS (seed size)
significantly affected germination (Table 1), whereas seed
treatment duration (D), seed size (S), CxD and CxS interaction
effects were not significant.  Germination increased with
increasing PEG concentration up to 300 g PEG per kg water
(Table 4).  Maximum germination (76.5%) was recorded for
seed that received 300 g PEG per kg water. Thereafter, no
increase was observed. Germination was higher in case of 300
and 400 g PEG per kg water than control (non treated seed).
Seed treatment for 48 hours particularly improved the
germination of small size seed.  However, this increase was
slight and statistically non significant. 

Discussion
Higher concentrations resulted in higher germination than
lower concentrations in all experiments.  PEG concentration of
300 g PEG per kg water improved the germination over seed

Table 4: Germination (%) of soybean as affected by PEG 8000 concentration, seed treatment duration and seed size.
Seed Size Treatment PEG 8000 Concentration (g PEG/kg H2O) 

Duration(hours)  ------------------------------------------------------------------------------------------------------------------------------------------------
200 300 400 Mean

Large 0 66.8 71.8 76.8 71.8
Large 24 61.8 75.1 75.1 70.7
Large 48 60.1 75.1 73.5 69.6
Small 0 68.5 75.1 73.5 72.4
Small 24 68.5 80.2 70.1 72.9
Small 48 81.8 81.8 73.5 79.0
Mean 67.9C* 76.5A 73.7B
Seed Size Treatment Duration (hours) Mean

-----------------------------------------------------------------------------------
0 24 48

Large 71.8 70.7 69.6 70.7
Small 72.4 72.9 79.0 74.8
Mean 72.1 71.8 74.3
* = Means followed by different letters are significantly different using LSD Test at 5% probability level
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treated with distilled water (Table 2).  However, in experiment
2 & experiment 3, only the higher concentration improved the
germination over the control in this case dry seed  (Table 3,
4).  These results confirm the findings of Madakadze et al.
(1993), Odell et al. (1992), Parera and Cantliffe (1992), Parera
and Cantliffe (1993), Murray et al. (1992), Hardegree and
Emmerich (1992), Carpenter (1989) and Simak et al. (1984)
who reported improvement in the germination of the PEG
treated seed than non treated seeds.  However, it contradicts
with Murray (1990), Carpenter (1990), Sundstrom and
Edwards (1989), Dearman et al. (1987), Hallgren (1987,
1990) and Bussell and Gray (1976) who observed no
improvement in germination due to PEG. This may be due to
the fact that response to the PEG treatment is species
dependent.       
Seed treatment durations longer than 48 hours drastically
decreased the germination, indicating that overpriming is
detrimental (Table 2).  This idea is supported by Murray
(1989) who concluded that overpriming may cause oxygen
deficiency and the build up of inhibitors.
Small seed improved germination compared with large seed.
However, this improvement was non significant and needs
further research in order to confirm the findings of this
experiment. It can be concluded from these experiments that
higher concentrations improved the germination more than
lower concentrations and control.  Seed treatment longer than
48 hours decreased germination and may have detrimental
effect. 
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