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ABSTRACT

Plant growth regulators play important roles in plant growth and development, but little is known
about the roles of plant growth regulators in yield components and seed qualities of soybean. In this
study, salicylic acid, gibberellic acid (GAs), kinetin and distilled water (control) were sprayed to
soybean (BARI Soybean-6) at the vegetative stage, flower initiation stage, pod initiation stage,
flower + pod initiation stage in the pot experiment under field condition during November, 2013 to
March, 2014. Treatments were arranged in a Randomized Complete Block Design (RCBD) with five
replications. The different plant growth regulators and their time of application showed significant
effect on number of pods plant™, pod length, number of seeds pod™, 100-seed weight, stover yield,
biological yield, harvest index, seed grading (% by weight), protein and moisture content in seed of
soybean. Salicylic acid gave the highest number of seeds pod™, harvest index, small size seed,
protein and moisture content in seed (1.60, 39.06%, 19.47%, 44.56% and 12.91%, respectively).
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compared to those of other growth regulators.

Kinetin spray produced the maximum 100-seed weight (11.58 g). Application of growth regulators
at vegetative stage produced the highest stover yield (6.46 g plant™), flower initiation stage gave
the larger size seed (59.09%), pod initiation stage showed the maximum pod length (2.43 cm),
highest moisture content in seed (13.50%) and spray at flower + pod initiation stage produced the
maximum 100-seed weight (12.00 g), harvest index (43.42%), medium size seed (32.53%), protein
content in seed (44.31%). Among the treatment combinations the application of salicylic acid at
flower and pod initiation stage showed the highest yield attributes and maximum protein content

Keywords: Foliar spray; Glycine max; harvest index; protein content in seed; seed size.

1. INTRODUCTION

Soybean (Glycine max L.) belongs to the family
Leguminosae, sub-family Faboideae is one of the
leading oil and protein containing crops of the
world. It is the most important grain legume of
the world and a new prospective crop for
Bangladesh [1]. Because of its high nutritional
value and myriad form of uses, it is recognized
as ‘Golden Bean’ and has become the miracle
crop of the 21°' century.

The climatic and the edaphic conditions of
Bangladesh are favorable for soybean
production. Soybean can be cultivated
throughout the year in Bangladesh. In farmer’'s
field average yield of soybean is much lower due
to lack of improved agricultural practices of which
different plant growth regulators is an important
determinant for better performance of soybean.
The potential yield of the soybean crop is mainly
influenced by the production, fixing and
transformation of the reproductive structures into
pods with the seeds, thus the spatial dynamics of
these structures need to be studied and
correlated with yield [2]. Reports so far been
made to indicate a promising results on yield of
soybean and other oil crops due to the use of
bio-chemical substances or plant growth
regulator such as salicylic acid, gibberelic acid
(GAy), kinetin etc.

Salicylic acid (C;HgO3) is an endogenous growth
regulator of phenolic nature, which participates in
the regulation of physiological processes in plant,
such as ion uptake and transport, inhibition of
ethylene  biosynthesis, transpiration [3,4],
stomatal regulation under abiotic stress
conditions [3,5]. It plays a vital role in plant
growth, plant water relations [6]. Foliar
application of salicylic acid exerted a significant
effect on plant growth metabolism when applied
at physiological concentration and thus acted as
one of the plant growth regulating substances [7].
Salicylic acid (50 ppm) increased the yield

contributing characters and quality of soybean
compared to control [8]. GA; plays an essential
role in many aspects of plant growth and
development, stem elongation and flower
development [9]. The lower concentration (100
ppm) of GA; resulted in increased number of
pods plant™, seeds plant™, 100-seed weight and
seed vyield plant® of soybean more efficiently
than the higher concentration (200 ppm) and the
control [10]. Kinetin is known to stimulate or
inhibit a great number of physiological
processes. For soybean, however, great
variability can be observed in reported results.
Kinetin can be utilized in a variety of applications,
from the treatment of seeds [11] to applications
during flowering [12] and the same is true about
GA; [13-15]. The highest kinetin concentrations
resulted in the highest yields of soybean. Kinetin
application (1000 mg ha®) resulted in an
increase of 27.1 and 27.4% vyield plant'l and total
set pods plant™ in contrast to the control [16].
The growth regulator salicylic acid enhances the
plant growth, flower induction, nutrient uptake
and photosynthesis [17]. Therefore, flower and
pod dropping of soybean can be minimized by
using GAg, kinetin, and salicylic acid.

However, the studies investigating the role of
plant growth regulators application at different
growth stages in soybean are largely lacking.
Under the above perspective and situation, a
study has been carried out to determine optimum
concentration and time of application of plant
growth regulators for maximizing yield related
attributes and quality of soybean.

2. MATERIALS AND METHODS
2.1 Site Description

The experiment was conducted at the
Sher-e-Bangla Agricultural University, Dhaka,
Bangladesh during the period from November 7,
2013 to March 23, 2014 in Rabi season which
was situated at 23°46' N latitude and 90°23' E



longitude at an altitude of 8.45 meter above the
sea level. The soil of the experimental site was
sandy loam with pH and cation exchange
capacity 5.6 and 2.64 meqg/100 g sall,
respectively. The experimental site is under
subtropical humid climatic conditions and the
weather condition during the experiment is
presented in Fig. 1.

2.2 Experimental Treatments,
Material, Design and Pot Size

Planting

The experiment consisted of four different plant
growth regulators viz., Hy= Control (water), H;=
Salicylic acid (50 ppm), H,= GA;z (100 ppm), Hs=
Kinetin (500 ppm) and four different time of
application i.e., S;= Vegetative stage [25 days
after sowing (DAS)], S,= Flower initiation stage
(40 DAS), Ss= Pod initiation stage (50 DAS), S,;=
Flower + pod initiation stage (40 DAS and 50
DAS). The variety BARI soybean-6 was used as
the test crops. The two factors experiment was
arranged in Randomized Complete Block Design
(RCBD) with five replications. Each replication
comprised of 16 pots where 16 treatment
combinations were allotted at random. There
were 80 unit pots altogether in the experiment.
The size of each pot was 9.5 inch in diameter
and 10.5 inch in height. Three seeds were sown
and plants thinned to one per pot when the first
trifoliate leaf emerged.

2.3 Preparation of the Pots

The experimental pots were first filled with 10 kg
soil. Potted soil was brought into desirable fine
tilth by hand mixing. The stubble and weeds
were removed from the soil and then cowdung
was mixed. The soil was treated with insecticides
(4 kg cinocarb 3G ha') at the time of final pot
preparation to protect young plants from the
attack of soil inhibiting insects such as cutworm
and mole cricket.

2.4 Fertilizer Application and Sowing of
Seeds in the Pot

Urea, Triple super phosphate (TSP), Muriate of
potash (MoP), gypsum, boric acid and
molybdenum were used as a source of nitrogen,
phosphorous, potassium, sulphur, boron and
molybdenum, respectively. The fertilizers urea,
TSP, MoP, gypsum, boric acid and molybdenum
were applied at the rate of 42, 105, 72, 57.5,
0.025 and 0.013 g pot™, respectively following
the Bangladesh Agricultural Research Institute
(BARI) recommendation [18]. All of the fertilizers
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were applied during the final pot preparation.
BARI Soybean-6 seeds were sown in the pots at
a depth of 2-3 cm. During seed sowing 0.5 g
Bavistin were mixed with seeds.

2.5 Preparation and Application of Plant
Growth Regulators

Gibberellins and Kinetin solution dissolved in 20
mg NaOH and then mixed with 500 ml water.
Salicylic acid was dissolved in ethanol for
preparation of solution. Plant growth regulators
were foliar sprayed as per treatment. Salicylic
acid (50 ppm), GA;z (100 ppm), Kinetin (kinetin
puriss CHR: 6-Furfurylaminopurine, C;oHsOH)
(500 ppm) and water were each applied, using a
mini hand sprayer, separately, to the canopy
(including leaves and racemes) of plants each
until incipient runoff (approx. 10 mL aqueous
solution per plant). The control plants were
sprayed with the same amount of water.

2.6 Biological Yield

Biological yield was calculated by using the
following formula:

Biological yield= Seed yield + Stover yield
2.7 Harvest Index (%)

Harvest index is the relationship between seed
yield and biological yield [19]. It was calculated
by using the following formula:

Seed yield

HI (%) = ——coovield
) = Biological yied

x100

2.8 Seed Grading (% by Weight)

Seeds harvested from each pot were graded by
weight into the large, medium, small and
converted to percentage. Greater than 135 g,
100-135 g and less than 100 g per 1000-seed
weight regarded as large, medium and small size
seed respectively.

2.9 Moisture and Protein Percentage

After collecting the seed, the seed samples were
sun dried and then packed in polythene bag by
proper labeling. These labeled packed samples
were immediately sent to Bangladesh Council of
Scientific and Industrial Research (BCSIR),
Dhaka for determination of moisture percentage
and crude protein percentage.
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Fig. 1. Mean maximum, minimum temperature and rainfall during the experimental period

2.10 Statistical Analysis

Collected data on different parameters were
statistically analyzed by using MSTAT-C [20]
program and mean differences among the
treatments were compared by Least Significant
Difference (LSD) test at 5% level of probability.

3. RESULTS AND DISCUSSION
3.1 Number of Pods Plant™®

Number of pods plant™ had no significant effect
on plant growth regulators at different time of
application (Table 1). Interaction of different plant
growth regulators and their time of application on
the number of pods plant® of soybean showed
significant variation (Table 2). When GA; applied
at flower + pod initiation stage produced the
highest number of pods plant'1 (41.00) which was
statistically similar with  kinetin spray at
vegetative stage and the lowest (19.60) was
obtained from water spray at vegetative stage.
Copur et al. [21] assessed significantly maximum
number of pods plant” was recorded in all the
concentrations of NAA followed by GA; and
Kinetin on cotton. The foliar application of plant
growth regulators at flower initiation and pod
formation stage might have reduced flower
drop and caused efficient translocation of
photosynthates from source to sink. This might
have significantly increased the number pods
plant” as reported by Ganapathy et al. [22] on

rice. Similar results were observed by Khalil and
Mandurahm [23].

3.2 Pod Length

Application of different plant growth regulators
showed non-significant effect and their time of
application had significant effect on pod length of
soybean (Table 1). The highest pod length (2.43
cm) was obtained from pod initiation stage which
was statistically at par with flower and flower +
pod initiation stage whereas, lowest (2.18 cm)
was obtained from vegetative stage. Interaction
of plant growth regulators and their time of
application had significant effect on pod length of
soybean (Table 2). The longest pod length (2.60
cm) was recorded from salicylic acid when
applied at flower initiation stage which was
statistically similar with GA; spray at flower + pod
initiation stage and the shortest (2.00 cm) was
recorded from water spray at vegetative stage.
Cross et al. [24]; Dhankhar and Singh [25]
reported the increased pod length due to GA;
application.

3.3 Number of Seeds Pod™

Number of seeds pod'l was increased
significantly with plant growth regulators
application (Table 1). The highest number of
seeds pod’ (1.60) was counted from salicylic
acid which was statistically at par with GA; 100
ppm and the lowest (1.30) was obtained from
water.



Khatun et al.; IJPSS, 11(1): 1-9, 2016; Article no.lJPSS.25981

Table 1. Effect of different hormone and their time of application on yield parameters of

soybean
Treatment Number Pod Number  100-seed Stover Biological Harvest
of pods length of seeds weight yield yield index
plant®  (cm) pod™ @) (g plant™ (g plant?) (%)
Different hormones
Ho 23.55 2.25 1.30b 9.66 b 6.34 8.96 26.51b
H; 27.60 2.39 1.60 a 10.87ab 5.63 9.74 39.06 a
H, 30.40 2.38 1.44 ab 10.05ab 5.32 8.85 37.19a
Hs 27.65 2.39 154 a 11.58 a 6.39 10.48 37.27a
LSD(g.05) ns ns 0.197 1.841 ns ns 8.353
Time of application
S 29.45 2.18b 1.42 9.65b 6.46 a 10.02 33.81b
S 27.10 240ab 1.42 9.58 b 5.82 ab 8.97 33.18b
SH 25.00 243 a 1.49 10.93ab 6.24ab 9.35 29.61c
S4 27.65 239ab 154 12.00 a 5.15b 9.70 43.42 a
LSD(g.05) ns 0.219 ns 1.841 1.206 ns 8.353

In a column, values with different letter(s) differed significantly at 5% level as per LSD.
Ho = Control (water), Hy = Salicylic acid (50 ppm), H> = GA3 (100 ppm), Hs = Kinetin (500 ppm). S;= Vegetative
stage at 25 DAS, S, = Flower initiation at 40 DAS, Sz = Pod initiation at 50 DAS and S, = Flower +Pod initiation
stage at 40 and 50 DAS

Table 1 showed that salicylic acid increased 23%
number of seeds pod'1 over control. Number of
seeds pod'1 had non-significant effect on different
time of application (Table 1). Interaction effect of
plant growth regulators and their time of
application had significant effect on number of
seeds pod™ of soybean (Table 2). The maximum
number of seeds pod™ (1.76 cm) was recorded
from salicylic acid and kinetin spray at
vegetative, pod initiation and flower + pod
initiation stage which is statistically similar with
GA; spray at flower + pod initiation stage
whereas, the minimum (1.12 cm) was found from
water spray at vegetative stage. Devi et al. [8]
observed that number of seeds of soybean
increased by the application of 50 ppm salicylic
acid at flower + pod initiation stage. These
findings also correlate the above mentioned
findings.

3.4 100-seed Weight

100-seed weight of soybean showed significant
variation in terms of plant growth regulators
application (Table 1). Table 1 showed that kinetin
increased 20% 100-seed weight over control.
Zholobak [26] reported that kinetin treatment
increased the weight of seeds. 100-seed weight
had significant effect on different time of
application (Table 1). The maximum 100-seed
weight (12.00 g) was obtained from flower + pod
initiation stage and the minimum (9.65 g) was
recorded from vegetative stage. It might be due
to increased mobilization of metabolites to the

reproductive sinks increased the 100-seed
weight. Devi et al. [8] observed that 100-seed
weight of soybean increased by the application of
500 ppm kinetin at flower+ pod initiation stage.
Interaction of plant growth regulators and their
time of application had significant effect on 100-
seed weight of soybean (Table 2). The highest
100-seed weight (16.79 g) was observed from
salicylic acid with flower + pod initiation stage
which was statistically at par with kinetin spray at
pod initiation stage and the lowest (7.99 g) was
calculated from salicylic acid when sprayed at
flower initiation stage.

3.5 Stover Yield

Stover yield of soybean had no significant effect
on plant growth regulators application (Table 1).
Different time of application also influenced
significantly the stover yield of soybean (Table
1). The highest stover yield (6.46 g plant™) was
produced from vegetative stage which was
statistically similar with flower and pod initiation
stage while the minimum (5.15 g plant?) was
found from flower + pod initiation stage.
Interaction of plant growth regulators and their
time of application had significant effect on yield
of soybean (Table 2). The maximum stover yield
(6.92 g plant™) was recorded from water when
sprayed at vegetative stage and the lowest
(4.48 g plant'l) was obtained from GA; spray at
flower + pod initiation stage. It might be due to
more efficient diversion of energy from source to
sink.



3.6 Biological Yield

Biological vyield of soybean exerted non-
significant effect on plant growth regulators spray
and their time of application (Table 1). Interaction
effect of plant growth regulators and time of
application had significant effect on biological
yield of soybean (Table 2). The highest biological
yield (11.20 g plant™) was recorded from kinetin
when applied at vegetative stage which was
statistically at par with all treatment combinations
except GA; with flower initiation stage. Copur
et al. [21] assessed variation in biological yield
for all the concentrations of NAA followed by GA;
and Kinetin. The stover and biological yield
increased due to cumulative effect of
yield attributing characters and enhanced
photosynthetic efficiency and greater diversion of
assimilates towards reproductive organs.

3.7 Harvest Index

Harvest index of soybean had significant effect
on plant growth regulators application (Table 1).
The highest harvest index (39.06%) was
recorded from salicylic acid and the lowest
(26.51%) was found from control water. Salicylic
acid increased harvest index 40% over control.
Different time of application also influenced
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significantly the harvest index of soybean (Table
1). The highest harvest index (43.42%) was
obtained from flower + pod initiation stage and
the lowest (29.61%) was recorded in pod
initiation stage. Interaction of plant growth
regulators and their time of application had
significant effect on harvest index of soybean
(Table 2). The highest harvest index of soybean
(52.76%) was recorded from salicylic acid spray
at flower + pod initiation stage which was
statistically similar with GA; spray at vegetative
and flower + pod initiation stage, kinetin with
vegetative and flower initiation stage whereas,
the minimum (21.85%) was found from water
spray at vegetative stage.

3.8 Seed Grading (% by Weight)

Plant growth regulators application had no
significant effect on percent of large and medium
size seed but had significant effect on percent of
small size seed (Table 3). Table 3 showed that
52-58% seeds were regarded as large size and
27-30%, 14-20% were medium and small size
seed, respectively. Significant amount of large
and medium size seed were produced by
time of application but in case of small size
seed there was no significant effect (Table 3).

Table 2. Interaction effect of different hormone and their time of application on yield
parameters of soybean

Treatment Number Pod Number 100-seed Stover Biological Harvest
combination of pods length of seeds weight yield yield index (%)
plant™ (cm) pod™ (@) (g plant™) (g plant™)

HoS1 19.60 c 2.00d 112e 8.33 cd 6.92 a 8.79 ab 21.85c
HoS> 2040bc 2.16b-d 1.24c-e 9.73cd 6.30 ab 8.17 ab 2211c
HoS3 28.60a-c 250a-c 148ae 9.26cd 6.64 ab 10.44ab  28.41bc
HoS4 2560a-c 232ad 1.36b-e 11.29b-d 5.50ab 8.43 ab 33.67 bc
H,S: 32.80a-c 2.10cd 1.28¢ce 9.27cd 6.83 ab 10.14 ab 30.77 bc
H:S, 25.60a-c 2.60a 160a-c 7.99d 5.96 ab 9.49 ab 37.07 a-c
H;S;3 28.00a-c 252ac 1.76a 9.43 cd 5.00 ab 8.22 ab 35.78 bc
HiS, 2400a-c 232ad 1.76a 16.79 a 4.71 ab 11.10a 52.76 a
H,S; 2780a-c 222ad 154ad 11.02b-d 5.42ab 9.94 ab 42.62 ab
H,S, 2980a-c 236b-d 1.32b-e 8.8lcd 4.57 ab 7.06 b 31.46 bc
H,S3 23.00bc 236a-d 1.20de 11.31b-d 6.80ab 8.98 ab 2191c
H,S., 41.00 a 2.56 ab 1.68 ab 9.05cd 4.48Db 9.43 ab 5251 a
HsS; 37.60ab 242ad 1.76a 9.98 cd 6.69 ab 11.20a 39.99 ab
HsS, 32.60a-c 2.48a-c 152ad 11.77bc 6.450ab 11.16a 42.10 ab
HsS3 2040bc 232ad 152a-d 13.73ab 6.53ab 9.75 ab 32.34 bc
HsS, 20.00 ¢ 2340a-d 1.36b-e 10.85b-d 5.89ab 9.83 ab 34.66 bc
LSD.05) 17.440 0.438 0.394 3.682 2412 4.015 16.710

In a column, values with different letter(s) differed significantly at 5% level as per LSD.
Ho = Control (water), H1 = Salicylic acid (50 ppm), H2 = GAz (100 ppm), Hz = Kinetin (500 ppm). S1= Vegetative
stage at 25 DAS, S, = Flower initiation at 40 DAS, Sz = Pod initiation at 50 DAS and S4 = Flower +Pod initiation
stage at 40 and 50 DAS



Among the time of application 59.09% larger
seed produced by flower initiation stage.
Vegetative and pod initiation also showed the
statistically at par result. Among the plant growth
regulators application 32.53% medium seed
produced by flower + pod initiation stage. Plant
growth regulators and their time of application
exerted significant effect on different seeds size
(large, medium and small size) (Table 4). In case
of large size seed, the highest grade of seed
(65.43%) was produced by the combination of
GA; and flower initiation stage which was
statistically similar with water spray at flower
initiation stage whereas, the lowest (43.46%) was
found from the combination of GA;z with flower +
pod initiation stage. In case of medium, the
highest grade of seed (34.42%) was produced by
the combination of control and flower + pod
initiation stage, which was statistically at par with
water spray at vegetative, flower and pod
initiation stage, salicylic acid with vegetative,
pod, flower and flower + pod initiation stage, GAs
with vegetative, pod, flower + pod initiation stage,
kinetin with vegetative, flower, pod and flower +
pod initiation stage whereas, the lowest (21.84%)
was produced by GA; spray at flower initiation
stage. In case of small size seed, highest grade
of seed (24.26%) was produced by the
combination of GAz and flower + pod initiation
stage, which was statistically similar with salicylic
acid spray at vegetative, flower and pod initiation
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stage, kinetin with vegetative and flower + pod
initiation stage whereas, lowest (7.76%) was
produced from combination of water spray and
flower + pod initiation stage.

3.9 Protein Percentage

Application of plant growth regulators showed
significant effect on protein percentage of
soybean seed (Table 3). The highest protein
percentage (44.56%) was recorded from salicylic
acid and the lowest (42.29%) was obtained from
water spray. Khodary [27] indicated that salicylic
acid can enhance the protein percentage of
soybean. Different time of application also
significantly influenced the protein percentage of
soybean seed (Table 3). The maximum protein
percentage (44.31%) was found from flower +
pod initiation stage while the minimum (43.35%)
was attained from vegetative stage. Interaction of
plant growth regulators and their time of
application had significant effect on protein
percentage of soybean seed (Table 4). The
highest protein percentage (45.02%) was
recorded from salicylic acid spray at flower
initiation stage which was statistically at par with
salicylic acid spray at vegetative and pod
initiation stage, GA; with flower + pod initiation
stage whereas, the lowest (41.53%) was
obtained from water spray at vegetative stage.

Table 3. Effect of different hormone and their time of application on grading (% by weight),
protein and moisture content of soybean seed

Treatments Seed grading (% by weight) Protein Moisture
Large Medium Small content in content in
seed (%) seed (%)
Different hormones
Ho 57.60 28.75 13.65b 42.29c 13.73b
H; 51.50 29.03 19.47 a 4456 a 1291 a
H, 56.13 27.10 16.77 ab 43.88 b 11.70c
Hs 53.11 29.77 17.12 ab 43.89b 12.88 b
LSD(.05 ns ns 5.320 0.630 0.304
Time of application
SH 53.04 ab 27.24 ab 19.73 43.35b 12.38 ¢
S, 59.09 a 2559 b 15.32 4354 b 12.71b
Ss3 55.15 ab 29.29 ab 15.56 4342 Db 1350 a
S, 51.06 b 32.53 a 16.41 4431 a 12.63 bc
LSD(.05 7.780 5.760 ns 0.630 0.304

In a column, values with different letter(s) differed significantly at 5% level as per LSD.
Ho = Control (water), Hy = Salicylic acid (50 ppm), H> = GA3 (100 ppm), Hs = Kinetin (500 ppm). S;= Vegetative
stage at 25 DAS, S, = Flower initiation at 40 DAS, Sz = Pod initiation at 50 DAS and S, = Flower +Pod initiation
stage at 40 and 50 DAS
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Table 4. Interaction effect of different hormone and their time of application on grading (% by
weight), protein and moisture content of soybean seed

Treatment Seed grading (% by weight) Protein Moisture
combination Large Medium Small contentin  contentin
seed (%) seed (%)
HoS: 54.41 a-d 27.99 ab 17.60 a-c 4153 f 13.33 b-d
HoS> 62.35 ab 24.13 ab 13.52 bc 42.20 ef 13.54 bc
HoS3 55.81 a-d 28.46 ab 15.73 a-c 41.87 ef 13.55b
HoS4 57.82 a-d 3442 a 7.766 c 43.58 b-d 13.35 b-d
H.S, 52.80 a-d 25.40 ab 21.80 ab 44,41 ab 12.65 ef
H.S, 49.01 b-d 29.71 ab 21.28 ab 45.02 a 12.50 e-g
H.S3 50.12 a-d 29.40 ab 20.49 ab 44.44 ab 14.68 a
HiS, 54.08 a-d 31.62 ab 14.30 a-c 44.35 a-c 12.94 c-e
H,S; 58.90 a-d 23.11ab 17.99 a-c 43.52 b-d 10.61 h
H,S, 65.43 a 21.84b 12.73 bc 43.93 a-d 10.90 h
H,S3 56.72 a-d 31.16 ab 12.11 be 43.11 c-e 13.34 b-d
H,S, 43.46d 32.28 ab 24.26 a 44.95 a 11.95¢
HsS, 46.03 cd 32.45ab 21.52 ab 43.94 a-d 12.93 c-e
HsS, 59.56 a-c 26.70 ab 13.74 a-c 43.00 de 12.78 d-f
H3S; 57.94 a-d 28.13 ab 13.92 a-c 44,25 a-d 13.55b
HsS, 48.89 b-d 31.81 ab 19.30 ab 44.35 a-c 12.27 fg
LSD.05 15.570 11.530 10.650 1.270 0.608

In a column, values with different letter(s) differed significantly at 5% level as per LSD. Ho = Control (water), H1 =
Salicylic acid (50 ppm), H2 = GA3 (100 ppm), Hz = Kinetin (500 ppm). S;1= Vegetative stage at 25 DAS, S, =
Flower initiation at 40 DAS, Sz = Pod initiation at 50 DAS and S4 = Flower +Pod initiation stage at 40 and 50 DAS

3.10 Moisture Percentage

Moisture percentage of soybean seed varied
significantly due to different treatments of plant
growth regulator (Table 3). The highest moisture
percentage (13.73%) was recorded from water
spray and the lowest (11.70%) was determined
from GA; application. Time of application had
significant effect on moisture percentage of
soybean seed (Table 3). The maximum moisture
percentage (13.50%) was obtained from pod
initiation stage and the minimum (12.38%) was
observed from vegetative stage. Interaction of
plant growth regulators and their time of
application had significant effect on moisture
percentage of soybean seed (Table 4). The
highest moisture content (14.68%) was found
from salicylic acid when applied at pod initiation
stage and the minimum (10.61%) was calculated
from GAz when sprayed at vegetative stage.

4. CONCLUSION

Based on the results of the present experiment, it
may be concluded that kinetin performed the
best in case of 100-seed weight. Among the time
of application flower + pod initiation stage at,
irrespective of plant growth regulators. Among
the treatment combinations, application of
salicylic acid (50 ppm) at flower + pod initiation
stage would be promising practice for soybean
yield and quality.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Rahman MM, Hossain MM, Anwar MP,
Juraimi AS. Plant density influence on yield
and nutritional quality of soybean seed.
Asian J. Plant Sci. 2011;10(2):125-132.

2. Pires JLF, Costa JA, Thomas AL. Efeito de
populagbes e espagcamentos sobre
potencial de rendimento da soja durante
a ontogenia. Pesquisa Agropecuaria
Brasileira, Brasilia. 2000;35(8):1541-1547.

3. Khan W, Balakrishnan P, Donald LS.
Photosynthetic responses of corn and
soybean to foliar application of salicylates.
J. Plant Physiol. 2003;160:485-492.

4, Shakirova FM, Skhabutdinova AR,
Bezrukova MV, Fathutdinova A,
Fathutdinova DR. Changes in the
hormonal status of wheat seedlings

induced by salicylic acid and salinity. Plant
Sci. 2003;164:317-323.

5. Arfan M, Athar HR, Ashraf M. Does
exogenous application of salicylic acid
through the rooting medium modulate
growth and photosynthetic capacity in two
differently adapted spring wheat cultivars



10.

11.

12.

13.

14.

15.

16.

under salt stress? J. Plant. Physiol. 2007;
164:685-694.

Barkosky RR, Einhelling FA. Effect of
salicylic acid on plant water relationship. J.
Chem. Ecol. 1993;19:237-247.

Kalarani MK, Thangaraj M, Sivakumar R,
Mallika V. Effect of salicylic acid on tomato
(Lycopercicon esculentum) productivity.
Crop Res. 2002;23:486-492.

Devi KN, Vyas AK, Singh MS, Singh NG.
Effect of bioregulators on growth, yield and
chemical constituents of soybean (Glycine
max). J. Agril. Sci. 2011;3(4):151-159.
Yamaguchi S, Kamiya. Gibberellin
biosynthesis: Its regulation by endogenous
and environmental signals. Plant Cell
Physiol. 2000;41:251-257.

Sarkar PK, Haque MS, Karim MA. Effects
of GA3 and IAA and their frequency
of application on morphology, Yyield
contributing characters and vyield of
soybean. J. Agron. 2002;1:119-122.
Riedell WE, Khoo U, Inglett GE. Effects of
bioregulators on soybean leaf structure
and chlorophyll retention. In: Plant
Growth Regulation, Lake Alfred, Florida,
Proceedings. Lake Alfred. 1985;204-212.
Dyer DJ, Carlson DR, Cotterman CD,
Sikorski JA, Ditson SL. Soybean pod set
enhancement with synthetic cytokinin
analogs. Plant Physiol. 1986;84:240-243.
Khafagi OA, Khalaf SM, El-lawendy WI.
Effect of GA; and CCC on germination and
growth of soybean, common bean, cowpea
and pigeon pea plants grown under
different levels of salinity. Annals of Agril.
Sci. 1986;24:1965-1982.

Urwiler MG, Stutte CA, Cooke AR.
Influence of GA; on soybean reproductive
growth. In: Plant. Growth Regulation.
Ithaca, Proceedings, Ithaca. 1988;67-68.
Maske VG, Dotale RD, Sorte PN, Tale BD,
Chore CN. Germination, root and shoot
studies in soybean as influenced by GA;
and NAA. J. Soils Crops. 1997;7:147-149.
Passos AMAD, Rezende PMD, Alvarenga
AAD, Baliza DP, Carvalho ER, Alcantara
HPD. Yield per plant and other
characteristics of soybean plants treated

Khatun et al.; IJPSS, 11(1): 1-9, 2016; Article no.lJPSS.25981

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

with kinetin and potassium nitrate. Ciéncia
e Agrotecnologia. 2011;35(5):965-972.
Hayat S, Ahmad A. Salicylic acid: A plant
hormone. Springer, Dordrecht, the
Netherlands. Annals Agric. Sci.,, Ain
Shams Univ. Cairo. 2007;45(1):1-18.

BARI (Bangladesh Agricultural Research
Institute). Krishi Projukti Hatboi, 5 Edition,
1% Part. 2011;484.

Gardner FP, Pearce RB, Mistechell RL.
Physiology of crop plants. lowa State Univ.
1985;66.

Russell OF. MSTAT-C v.2.1 (a computer
based data analysis software). Crop and
Soil Science Department, Michigan State
University, USA; 1994.

Copur O, Demirel U, Karakus M. Effects of
several plant growth regulators on the yield
and fiber quality of cotton (Gossypium
hirusutum L.). Notula Botanicae Horti
Agrobotanici Cluj. 2010;38:104-110.
Ganapathy M, Baradhan G, Ramesh N.
Effect of foliar nutrition on reproductive
efficiency and grain yield of rice fallow
pulses. Legume Res. 2008;31:142-144.
Khalil S, Mandurah HM. Growth and
metabolic changes of cowpea plants as
affected by water deficiency and indole-3-
yl acetic acid. J. Agrono. Crop Sci. 1989;
163:160-166.

Cross F, Falisse A, Haquenne W. Effect of
Gibberellic acid on morphology and
production of spring peas. Mede delingen
van de Faculteit landluwwetenschappen,
Rijksuniversiteit. Gent. 1989;53(29):447-
454,

Dhankhar BS, Singh R. Okra hand book,
global production, processing and crop
improvement, HNB Publishing. 2009;475.
Zholobak GM. Effect of a complex
treatment of pea plant with growth
regulators on nitrogen fixation, nitrogen
utilization and yield. Fiziologoya
Biokhimiya-Kul, turnykh-rostenii. 1986;18:
279-283.

Khodary SFA. Effect of salicylic acid on the
growth, photosynthesis and carbohydrate
metabolism in the salt stressed maize
plants. Intl. J. Agric. Biol. 2004;6:5-8.

© 2016 Khatun et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/14510




