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Abstract
Introduction
Soybean seeds are sensitive to storage due to their high oil content and they aged quickly. Aging of seeds
leads to a decrease in the percentage and speed of germination and ultimately to a decrease in seed yield.
Although the aging rate can be reduced with proper storage methods, the application of some treatments on
the aged seeds or spraying some substances on the plants obtained from these seeds can be effective in
improving the seed yield. The use of anti-aging substances such as seaweed extract in plants can act as

antioxidants and reduce the effects of aging.

Materials and Methods

In order to evaluate the phenological stages and yield of soybean, an experiment was carried out in the research
farm of Shahrood University of Technology during 2019 and 2020 in three replications. The treatments include
the initial seed quality in two levels (normal seeds and aged seeds) and seaweed extract (Ascophyllum nodosum)

in four levels (control, priming, foliar spraying and combined application of priming and foliar spraying with
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a concentration of 0.3%). The experiment was carried out as a factorial in the form of a basic design of
randomized complete blocks.

Results and Discussion

In this research, applying accelerated aging caused a significant increase in phenological traits in soybean
plants. The use of seaweed extract as a priming and the combined use of priming and foliar spraying could
increase the rate of occurrence of phenological traits to a significant level. The seed yield in plants obtained
from aged seeds was 32.69% less than that of control plants. The use of seaweed extract as priming, foliar
spraying and the combined use of priming and foliar spraying increase the seed yield by 43.54, 15.69 and 87.85
percent, respectively. Aging caused a significant decrease of 23.50 and 25.33 percent of final emergence
percentage. Pretreatment of normal and aged seeds with seaweed extract in the first year increased this trait by
16.33 and 7.33% compared to the absence of seaweed extract. In the second year of the experiment, the
application of seaweed extract resulted in a 12.67% increase in seedling growth under normal conditions, and
an 8.33% increase was recorded with the application of seaweed extract under aging conditions.

Conclusion

In this study, the application of seaweed extract as seed priming better than foliar spraying. It is possible to
recommend priming and the combination of priming and foliar spraying with seaweed extract to accelerate
the occurrence of phenological traits in soybeans. The combined use of priming and foliar spraying of seaweed
extract is recommended to improve the performance of soybeans in normal and aged conditions.
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Table 1. Meteorological data recorded by Semnan Province Meteorological Office for the field sites
during experiment

Mean temperature (°C)

Relative humidity (%)

Precipitation (mm)

Month 2019 2020 2019 2020 2019 2020
June 24.12 24.85 42.01 38.50 3.00 0.01
July 27.84 25.05 41.80 35.50 0.00 0.64
August 23.51 23.81 43.00 46.00 0.00 0.00
September 20.80 19.43 41.68 46.00 0.00 0.00
October 13.43 12.56 48.32 49.73 0.00 0.34
November 8.1 7.2 49.36 52.91 0.00 0.00
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Table 2. Variance analysis of mean square traits of final emergence percentage (FEP) and

germination rate (GR) under the initial seed quality and seaweed extract

. Germination

S.0.vV df Final emergence percentage
rate

Year (Y) 1 126.04 ™ 0.04"
Error 4 34.37 0.006
Seed quality (A) 1 5133.37** 0.84**
Seaweed extract (B) 1 560.66** 0.004
A*B 1 140.16** 0.00005™
Y*A 1 18.37" 0.027*
Y*B 1 4.16™ 0.05*
Y*A*B 1 42.66* 0.01"
Error 23 8.03 0.005
C.V (%) - 4.50 16.40

ns, * and ** are respectively non-significant, significant at the 5% and 1%.
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Figure 1. Mean comparison of the final emergence percentage of soybean seedlings under the influence of initial
seed quality and seaweed extract in 2019 (a) and 2020 (b)
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Figure 2. Mean comparison of the emergence rate of soybean seedlings under the influence of initial seed quality
and year (a) and seaweed extract and year (b)
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Figure 3. Mean comparison of the days from sowing until flowering initiation (R1) in soybean under the initial seed

quality and seaweed extract
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Table 3. Variance analysis of phenological traits and soybean grain yield under the initial seed quality and seaweed extract
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R ] E 8 & Ak &b AE AE®EAE &
Year (Y) 1 0.18 ™ 0.33m 4.08" 1.027 1.027 4.68" 1.01"s 2.08" 10413.46"
Error 4 0.91 0.20 0.45 0.20 0.58 0.16 0.04 1.20 11438.94
Seed quality (A) 1 28.52* 18.75%* 27.00" 11.02 ™ 17.52* 63.02* 280.33** 216.75* 99706.06*
Seaweed extract (B) 3 50.74** 70.58** 21.63* 45.90* 73.90**  82.02** 136.33** 125.63** 52425.19**
A*B 3 1.29%* 2.13** 6.55%* 3.90" 9.57*%* 2.18% 0.19%* 19.41* 3082.03™
Y*A 1 0.02"s 0.33" 0.33 0.18 ™ 0.18" 0.52" 1.05™ 4.08 ™ 5306.62 ™
Y*B 3 0.07 ™ 0.16™ 0.30™ 0.46 ™ 0.40™ 0.18" 2.49" 0.52n 716.67™
Y*A*B 3 0.02"s 0.05" 0.11" 0.74 " 0.02"s 0.13" 3.94m 1.19™ 1941.22™
Error 28 0.55 0.32 0.31 0.20 0.20 0.28 0.04 0.49 2729.54
C.V (%) - 1.20 0.82 0.73 0.53 0.43 0.46 0.14 0.45 12.39

ns, * and ** are respectively non-significant, significant at the 5% and 1%.
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Figure 4. Mean comparison of the days from sowing until full flowering (R2) in soybean under the influence of

initial seed quality and seaweed extract
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Table 4. Mean comparison of the initial seed quality and seaweed extract on the days from

sowing until grain initiation (R4) and grain yield in soybean

Treatments

R4 Grain yield

Initial seed quality

2

day g/m

Normal seeds
Aged seeds

- 278.83a
- 187.68 b

LSD 5%

- 30.89

Seaweed extract

Control
Priming

Foliar spraying

Priming+Foliar spraying

87.66a 167.21d
84.75b 25823 b
87.33a 193.46¢
83.66c 314.11a

LSD 5%

0.381 43.69
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Figure 6. Mean comparison of the days from sowing until grain filling (R5) in soybean under the initial seed quality

and seaweed extract
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Figure 7. Mean comparison of the days from sowing until maturity initiation (R6) in soybean under the influence

of initial seed quality and seaweed extract
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Figure 8. Mean comparison of the days from sowing until physiological maturity (R7) in soybean under the initial

seed quality and seaweed extract
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Table 5. Correlation between studied traits with soybean yield

bY¥F

Final
. Emergence
Traits emergence R2 R3 R4 R5 R6 R7 R8
rate
percentage
Grain yield 0.57* 0.36* S0.697 -0.70%F  -0.66%  -0.70%* -0.67%F  -0.76"  -0.74%*  -0.70*

R1: Days from sowing until flowering initiation, R2: Days from sowing until full flowering, R3: Days from sowing until pod initiation, R4: Days
from sowing until grain initiation, R5: Days from sowing until grain filling, R6: Days from sowing until maturity initiation, R7: Days from sowing

until physiological maturity, R8: Days from sowing until full maturity.
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