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ABSTRACT

Global climate variations, mainly extreme temperatures reduce crop production and contributed to global food
insecurity. Plant growth regulators (PGRs) improve physiological efficiency, photosynthetic capacity, and
assimilate partitioning in field crops. However, their influence on soybean (Glycine max L.) yield and seed
quality is under-researched. This study investigates the synergistic effects of auxin (2,4-D) and gibberellin (GA3)
at 60 and 90 mg L ™! concentrations. This study investigates the impact of phytohormones, specifically gibberellic
acid (GA3) and 2,4-dichlorophenoxyacetic acid (2,4-D), on the morphological and biochemical traits of soybean
(Glycine max L.) through seed treatment and foliar application. These Growth regulators were applied through
seed treatment at the time of sowing and foliar application at the time of flowering initiation stage. The
experiment was designed using a RCBD arrangement and each block replicated thrice time. Seed treatment with
2,4-D at 90 mg/L showed that maximum plant height (116.80 cm), first node height (8.04 cm), No. of branches
per plant (18.67), root length (18.12 cm) stem diameter (0.05 cm), no. of pods per plant (32.60), seed yield
(1532.30 kg ha’l), biological yield (4109.30 ha™1), and harvest index (39.36 %). The GA3 (seed treatment) at
conc. of 90 and 60 mg L~! resulted in a significantly increased no. of nodule fresh weight, nodules per plant, and
dry weight respectively. But the no. of seeds per pod did not showed significant results throughout the study.
However, the foliar applied of 2,4-D at 90 mg L7! resulted in significantly increased leaf area index (LAI)
compared to the seed treatment. PGRs had a significant influence on quality traits. Thus, the application notably
improved the potential of soybean and successful oilseed crop. Therefore, it is showed that using PGRs are
extremely helpful for attaining higher growth, yield production, and improved quality of soybean.

1. Introduction

tropical, and subtropical climates worldwide. About 90 % of the world’s
soybean production is produced by the United States, India, China,

Soybean (Glycine max L.) is an imperative and critical legume besd Brazil and Argentina (Amoanimaa-Dede et al., 2022). Soybean is an
oil-seed-crop. It originated in East Asia and It may thrive in temperate, imperative source of minerals, proteins, fats, vitamins, and energy for
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livestock, and humans. Its seeds contain 20-22 % oil, 40-42 % protein,
20-26 % carbohydrates, and a high amount of P, Ca, and vitamins
(Rahman et al., 2011). It is a multi-purpose crop as it is extensively
grown for its edible beans. It is sometimes considered as “the meat grows
on plant” because of the good quality protein. Soymeal is used as a
supplementary diet for human food and poultry and livestock feed.
Other uses include the provision of the raw material for industries e.g.,
soy-oil is used in the manufacturing of lubricants, paints, varnishes,
antibiotics, and adhesives (Khanzada et al., 2013). Pakistan is one of the
biggest importers of soybean oil; majorly Pakistan imports soybeans
from USA and Argentina. Originally, this crop was introduced in
Pakistan as an oilseed crop in the 1960 s, and it gained much attention
from research and industry for a decade but latter farmers shifted back
to conventional crops. Nevertheless, it has been grown in the Northern
areas of Pakistan: Hazara, Swat, Dir, and Azad Jammu and Kashmir. The
crop has shown better results and higher yields under mild climatic
conditions in northern regions than in the severe climate of Sindh and
Punjab. The area under cultivation of soybean is negligible in Pakistan.
Efforts have been made by Pakistan Agricultural Research Council
(PARC) to promote innovative ideas for soybean growth as an oilseed
crop in Pakistan. Other academic and research institutes of Pakistan are
now actively participating in research and farmer-reach projects to
identify suitable varieties for different regions and dissemination of its
production technology. Efforts are underway to identify and breed biotic
and abiotic stress-tolerant soybean varieties and improve the nutritive
potential of currently available soybean cultivars. To increase soybean
production, one of many strategies is the use of plant growth regulators
since they promote the normal growth and development of soybean
plants and guarantee higher yield. There are five major phytohormone
groups including auxin, abscisic acid, cytokinins, gibberellins, and
ethylene. Application of these growth regulators is a valuable practice,
which has shown better yield of beans, corn, and soybean (Vieira and
Castro, 2004). Exogenous application of these growth regulators in-
creases the crop yield in field thereby enhances the dry mass (Cho et al.,
2008). In numerous vegetable crops, pre-soaking, Seed priming, and
other pre-sowing treatments with PGRs have boosted seed performance
(Ashraf, 2010). Typically, priming responses are found much faster,
quicker and more reliable to seedling emergence in the seedbed envi-
ronment and versatile temperature ranges. It results in a better crop
stand and ultimately improves harvest quality and yield responses
especially for suboptimal, stressed conditions, prevailing in the field
(Halmer, 2004). Comparably, foliar application of phytohormones e.g.,
GA3 promoted plant height, increased first node height, stem diameter,
leaf area, and dry matter in soybean (Leite et al., 2003). Gibberellins
(GAs) enhance seed germination, seedling establishment, flower estab-
lishment, fruit and seed development, and increase dry mass and yield
responses (Yamaguch, 2008). Furthermore, GAs increases the photo-
synthetic competence of plants by influencing the photosynthetic en-
zymes through light interception, leaf-area index, and increased nutrient
use efficiency (Khan et al., 2007). Contrastingly, when soybean plants
were exposed to higher concentrations of 2,4-D, extreme leaf burning,
plant stunting, and necrosis occurred (Johnson et al., 2012). Considering
the prevailing climatic conditions i.e., intermittent rainfall, weed in-
festations, insect and disease attack, it is essential to understand how the
application of different concentrations of GAs (specifically GAs) and 2,4-
D can be helpful for farmers to improve overall soybean plant perfor-
mance. Thus, the purpose of this experiment was to evaluate the effects
of PGRs on Soybean growth, productivity, and quality under various
application scenarios

2. Materials and methods
2.1. Experimental site

The study was conducted in the Agronomic Field Research Area at
the University of Poonch Rawalakot, Azad Kashmir with
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(33°51'32.18"N, 73° 45'34.93'E) at an altitude of 1638 m reported by
Zafar et al. (2013) during the spring session of 2017. Soil analysis of this
region, containing samples collected from several locations, has classi-
fied it as “Thermic Lithic Eutrudepts” with a temperate climate region.
This classification orders with the Koppen climate classification scheme.
The annual precipitation at the research experimental site is approx.
700-800 mm, with Avg. mean temperatures fluctuating from 5-28 °C
(Khaliqg and Abbasi, 2015). A pre-planting physico-chemical analysis
were performed on base of soil samples and Samples collected from the
randomly different place of each block to a depth of 15 cm, revealing
silt-loam soil. The soil characteristics are presented in Table 1.

Crop husbandry detail: The experiment was planned and arrange
randomized complete block design with three time replicated. Two plant
growth regulators (PGRs), auxin (2,4-D) and gibberellins (GA3), were
applied through seed treatments and foliar applications at different
concentrations of 60 and 90 mg L™!. In this experiment different treat-
ments were used and details as follows: TO = Control (unsoaked seed);
T1 = GA3 60 mg L~! seed treatment; T2 = GA3 90 mg L~! seed treat-
ment; T3 = GA3 60 mg L ™! foliar application; T4 = GA3 90 mg L™ foliar
application; T5 = 2,4-D 60 mg L ™! seed treatment; T6 = 2,4-D 90 mg L !
seed treatment; T7 = 2,4-D 60 mg L! foliar application; and T8 = 2,4-D
90 mg L ™! foliar application. The seeds were used in this study, obtained
from the gene-bank at the National Agriculture Research Institute
(NARC) in Islamabad, Pakistan. Seed treatments were carried out before
to sowing, and also foliar applications were applied at the crop flowering
initiation stage. The sowing area tilled by three times, followed by
planking to make an adequate seedbed. Each experimental plot was
dignified 4 m2, with plant-to-plant spacing arranged of 20 cm and row-
to-row spacing of 50 cm, covering four rows per plot. The approved
soybean genotypes, Rawal-1, was cultivated using a seed dibbler and
seed rate was used 100 kg ha™!. The recommended doses of different
fertilizer were applied such as nitrogen (urea), phosphorus (SSP), and
potassium (SOP) at rates of 25, 60, and 50 kg ha™!, respectively. For
foliar application stock solutions were prepared of GAz and 2,4-D (1000
mg L™Y) and diluted to applications of 60 and 90 mg L™!. For seed
treatment, measured quantities of total seeds and seeds were soaked
separately in each dilution of the phyto-hormones for 6 h and then sun
dried in the shade. Foliar applications were performed at the flowering
initiation stage with a sprayer. All the treatments were applied sepa-
rately as assigned.

2.2. Data collected

Ten plants were randomly obtained from each treatment for mea-
surements record. Data were noted for plant height, root length, first
node height, No. of branches per plant, stem diameter, leaf area, No. of
nodules per plant, fresh and dry weight of nodules, No. of pods per plant,
No. of seeds per pod, crude protein (CP), oil content, and neutral
detergent fiber (NDF). Means of three replicates were calculated for
further analyses. A sample of 100 grains was randomly carefully chosen
and weighed via digital electric balance to record the 100-grain weight.
The chlorophyll content of leaves was imposed at the vegetative stage
from mature three palnts via a portable chlorophyll meter (SPAD) per

Table 1
Soil Physio-chemical attributes of the experimental site.
Soil Characteristics Observations
pH 6.63
Soil Organic matter (g kg™') 7.33 (Walkley and Black, 1934)
Sand (g kg™) 237
silt (g kg™ 536
Clay (g kg™ 1) 208
Textural Class Silt loam (Bouyoucos, 1962)
Total Nitrogen (g kgfl) 0.33 (Bremner and Mulvaney, 1982)

Available Phosphorus (g kg™1) 6.90
Extractable Potassium (g kg™ ') 78.9

(Olsen and Sommers. 1982)
(Simard, 1993)
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plot, and the average value was recorded. At maturity, harvesting and
threshing were through manually performed. Grain yield from 1 m? was
measured with an electronic scale and then changed to kg ha™! using the
following formula:

Yield(Kg)

2
Area (m2) * 10000m

Grain Yield =

After harvesting, the biological yield was measured by weighing the
complete plot. The mean yield was then changed to kg ha™! using the
appropriate formula:

Biological Yield(Kg)

10000m?
Area (m?) X m

Biological Yield =

Harvest index was considered by the given formula:

Seed Yield

————— x 100
Biological Yield X

Harvest Index =

Before quality analysis value, soybean seeds were crushed and conceded
through a 2 mm sieve. Crude protein contents were determined with the
Kjeldahl method (AOAC, 2012). For this, 1 g of oven-dried sample was
processed in a Kjeldahl flask with 30 ml of determined H2SOs and 5 g of a
digestion mixture (K2SO4; CuSO4; FeSO4 in a 100:10:5 ratio). A 10 ml
aliquot was reserved for distillation. Ammonia was composed in a boric
acid (2 %) solution with mixed displays (Bromocresol green and methyl
red) and titrated alongside standard 0.1 N H2SOa4. The crude protein
measurement in (% percentage) was calculated by increasing the H2SO4
titration reading by 6.25. Neutral detergent fiber was assessed with the
Van Soest et al., (1991) method. Oil contents were determined using the
Soxhlet extraction method. Place the grinded seed sample in a thimble
and insert it into a Soxhlet extractor. Add a suitable solvent (commonly
hexane) to the extraction flask. Heat the flask so that the solvent va-
porizes, rises through the column, condenses, and then drips over the
seed sample. This process is repeated over several hours or even over-
night to ensure complete extraction. After extraction, remove the solvent
from the collected oil by evaporating it. Weigh the extracted oil to
determine its mass. Calculate the oil content as a percentage of the initial
seed weight (Smith, 2010)

Statistical analysis; The Composed data were analyzed using
Fisher’s analysis of variance technique, and treatments mean was
compared using Tukey’s (HSD) test at a 5 % probability level (Steel
et al., 1997).

3. Results and discussion

Conferring to the results, most of the treatments were non-significant
from each other for all growth attributes except control. The maximum
plant height, first node height, root length, number of branches per plant
and stem diameter was observed when seed was primed with 2,4-D at
90 mg/L while minimum value of all mentioned parameters were noted
in control. Likewise, higher leaf area was measured in foliar application
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with 2,4-D 90 mg/L and lowest value was observed in control (Table 2).
It might be due to early and synchronized germination and improved
photosynthetic ability which leads to effective partitioning of accumu-
lates. These results also corroborate with the findings of Amoanimaa-
Dede et al. (2002), who reported the highest plant height, stem diam-
eter, and the number of leaves when soybean seed was primed in a
solution.

Similar findings were also noted by Patel et al. (2016) in chilli.
Regarding GAs, an earlier study by Agawane and Parhe (2015) reported
that seed priming with GA3 at 100 mg/L for 12 h caused significant
variation in plant height, stem girth, No. of pods, No. of branches and
leaf area of soybean. These results are consistent with the findings of
Leite et al. (2003), Dhakne et al. (2015) and Khatun et al. (2016), who
reported that maximum plant height, first node height, root length,
number of branches per plant, stem diameter and leaf area of soybean in
response to the foliar application of GAs. In this field investigation, seed
soaking in growth regulators had also varying impact on other yield
attributes of soybean. Seed treatment with 2,4-D 90 mg/L remained at
par with T2 and T5 for recording the highest number of nodules per
plant, while minimum was recorded in control treatment. The nodules
fresh weight and nodules dry weight was found non-significant
(Table 3). The preferente performance of seed treatments with 2,4-D
at 90 mg L~! may be atributad to its significante physiological effects
on plants, including seed germination, growth, stem elongation, leaf
expansion, photosynthesis, flowering, and cell expansién (Taiz and
Zeiger, 2010). These results are in toeing the line with those of Basu-
chaudhuri (2016), Bawa et al. (2020), Agawane and Parhe (2015) and
Azizi et al. (2012) who also reported that plant growth regulators can
improve the physiological efficiency in field crops. Likewise, No. of pods
per plant could not reach a level of significance from T6 > T8 > T4 > T2
> T1 except control that which was statistically at par with T3 and T7.
This might be due to the reduced pod abortion which resulted in an
increased No. of pods (Passos et al., 2011; Nonokawa et al., 2012). No. of
seeds per pod showed no response of the PGRs used. The increase in 100
grain weight was ordered as T6 > T8 > T3 > T4 > T2 > T5 > T1 > TO. As
seed treatment and foliar application was effective in early emergence
and good stand establishment of soybean crop which ultimately led to
better nutrient uptake and more 100 grain weight. These results differ
with the conclusion of Kalyankar et al. (2007), who reported that
Naphthalene Acetic Acid at 50 mg/L increased the No. of pods per plant,
seeds per pod and 100 seed weight. Similar results were also reported by
Azizi et al. (2012). It concluded that different levels of GA3 and the
soybean genotypes had significant effect on No. pod per plant, No. seed
per pod, 1000-seed weight, and economic as well as biological yield (p
< 0.01). Seed priming with PGR is an unusually used priming method to
increase the crop growth and yield under hectic environment (Jisha
etal. 2013; Hu et al. 2013). Soybean seed imbibed in solution of 2,4-D at
90 mg/L showed greenish leaves owing to more chlorophyll contents
(Table 4). The enzyme chlorophyllase was responsible for the growth
retarder of chlorophyll, which improved the chlorophyll content.
Application of growth regulators at different stages of plant exhibited a

Table 2

Influence of seed treatment and foliar application of GA3 and 2,4-D on growth attributes of soybean.
Treatments Plantheight First nodeheight Rootlength No. of branches Stemdiameter Leafarea

(cm) (cm) (cm) per plant (cm) (sz)

TO = Control 88.20 d 2.28¢ 12.08 d 10.80 e 0.03 1078.11 d
T1 = GA3 60 mg/L seed treatment 105.20 abc 6.00 ab 14.22b 15.21 be 0.04 1421.00c
T2 = GA3 90 mg/L seed treatment 113.07 ab 7.93a 17.10 a 17.33 ab 0.05 1421.33c
T3 = GA3 60 mg/L foliar application 100.40c 3.02c 12.10 cd 11.56 de 0.04 1550.44 abc
T4 = GA3 90 mg/L foliar application 103.33 be 4.01 be 13.52 be 13.78 cde 0.05 1626.00 abc
T5 = 2,4-D 60 mg/L seed treatment 107.31 abc 6.51a 16.51 a 16.10 abc 0.04 1494.14 be
T6 = 2,4-D 90 mg/L seed treatment 116.80 a 8.04 a 18.12a 18.67 a 0.05 1515.30 be
T7 = 2,4-D 60 mg/L foliar application 104.03 be 3.90c 13.70 be 14.02 bede 0.05 1745.73 ab
T8 = 2,4-D 90 mg/L foliar application 104.67 be 4.13 bc 14.11 be 14.80 bed 0.05 1799.82 a
Tukey’s critical value 12.10 2.05 2.11 3.44 NS 283
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Table 3
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Influence of seed treatment and foliar application of GA3 and 2,4-D on yield attributes of soybean.

Treatments No. of Nodule Fresh weight (g) Nodule Dry weight (g) No. of No. of 100-grain weight (g)
nodules plant ! pods plant ! seeds per pod

TO = Control 11.67f 0.52 0.29 27.40 d 2.26 13.60 e

T1 = GA3 60 mg/L seed treatment 17.33 be 0.67 0.38 34.03 abc 2.60 17.40 abed

T2 = GA3 90 mg/L seed treatment 18.67 ab 0.70 0.39 36.00 ab 2.80 18.56 ab

T3 = GA3 60 mg/L foliar application 14.33 e 0.66 0.38 30.56 cd 2.60 19.26 ab

T4 = GA3 90 mg/L foliar application 15.00 de 0.68 0.37 36.33 ab 2.70 19.03 ab

T5 = 2,4-D 60 mg/L seed treatment 19.33 ab 0.65 0.35 32.60 be 2.63 18.26 abc

T6 = 2,4-D 90 mg/L seed treatment 20.33 a 0.69 0.38 37.53 a 2.73 20.10 a

T7 = 2,4-D 60 mg/L foliar application 16.00 cd 0.62 0.36 30.46 cd 2.60 17.06 bed

T8 = 2,4-D 90 mg/L foliar application 17.67 be 0.67 0.36 36.76 ab 2.70 19.46 ab

Tukey’s critical value 2.18 NS NS 4.91 NS 2.99

Means with different letter indicate statistical difference (Tukey; p < 0.05).

Table 4
Influence of seed treatment and foliar applied of GA3 and 2,4-D on chlorophyll
contents, seed yield, biological yield and harvest index of soybean.

Treatments Chlorophyll Seed yield  Biological Harvest
contents (kg ha 1) yield index
(kgha™) (%)

TO = Control 20.95e 1191.00 e 3255.30 e 32.76¢

T1 = GA3 60 mg/L 22.32 de 1258.70d  3686.70 d 34.10 be
seed treatment

T2 = GA3 90 mg/L 24.63 be 1496.30b 4011.00b 37.26 ab
seed treatment

T3 = GA3 60 mg/L 23.51 bed 1442.30c 3953.70 be 36.43 abc
foliar application

T4 = GA3 90 mg/L 23.82 bed 1492.00b 3893.70c 38.23a
foliar application

T5 = 2,4-D 60 mg/L  24.11 bed 1519.70 4066.30 ab 36.93 abc
seed treatment ab

T6 = 2,4-D90 mg/L.  27.23 a 1532.30a  4109.30 a 39.36 a
seed treatment

T7 =2,4D60mg/L  23.21cd 1426.30c 3756.30 d 38a
foliar application

T8 = 2,4-D 90 mg/L 25.48 ab 1489.00b 3985.00 be 37.36 ab
foliar application

Tukey’s critical 2.23 35.49 97.83 3.29

value

Means with different letter indicate statistical difference (Tukey; p < 0.05).

significant effect on chlorophyll contents (Khatoon et al., 2016). Simi-
larly, Devi et al. (2011) concluded that cycocel at the rate of 500 mg/L
applied as foliar spray increased the chlorophyll content and carotenoids
in leaves.

Basuchaudhuri (2016) found increased in chlorophyll contents with
the use of auxins, cytokinins, gibberellins and abscisic acid in soybean.
In contrast to our findings, El-Shraiy and Hegazi (2009) revealed that a
decreasing in chlorophyll contents with the use of PGRs such as GA3.
Yield production, obviously, is the final goal of cultivated crop. There-
fore, the economic significance of PGRs basically depends on their
capability to increasing crop yield. The different PGRs had a significant
influence on soybean yield. More seed yield was noted in 2,4-D at 90
mg/L as seed treatment that was at statistical parity with T5 followed by
T2 > T3 > T8. The minimum was recorded in control treatment. Dhakne
et al. (2015) illustrious that foliar applied of 40 mg/L of NAA increased
the growth productivity of soybean. Similarly, Khatun et al. (2016)
concluded that, Foliar sprayed of salicylic acid at reproductive stage of
soybean increased the biomass and production. The weight of the total
biomass determines the growth potential of the crop in general under
the foliar applied and seed treatments. The seed primed with 2, 4-D at
90 mg/L of seed treatment exhibited improved biological characteristics
as compared with other treatments excepted T5. The lowest was
observed in control. The results corroborate with the conclusion of
Basuchaudhuri (2016) who explained that growth hormones when
applied at suitable concentration influenced the yield components and
yield of soybean especially seed yield, biological yield and harvest

index. Seed priming significantly influenced seed yield and traits that
contribute to soybean yield, showing the corresponding favorable
improvement in number of pods per plant, number of seeds per pod, seed
yield, and biological yield (Agawane and Parhe, 2015). The physiolog-
ical aptitude and efficacy of any crop for converting the dry mass yield
into the economic yield is called as its harvest index. The higher value
was found by 2,4-D at 90 mg/L seed treatment that could not reach to a
level of significance from T2, T3, T5, T7 and T8 except control which is
at par with T1 and T3. These results are supported by the evaluations of
Basuchaudhuri (2016) who concluded that no doubt exogenous appli-
cation and stage of application of plant growth hormones have shown
some impacts in index of yield attributes. Upadhyay and Ranjan (2015)
observed that application of GA3 (20 mg/L) increased the biological
yield and seed yield along with harvest index.

Quality traits among these treatments are significantly varied
(Table 5). As for as the crude protein is concerned, the maximum value
of crude protein (42.23 %) was noted T6 treatment where soybean seed
was soaked in 2,4-D 90 mg/L solution which is followed by GA3 90 mg/L
as seed treatment (p < 0.05). Minimum seed protein contents (37.56)
were accounted for control Highest crude protein content in the seeds
might be due to more translocation of photosynthates to the seeds.
Khatoon et al. (2016) reported maximum crude protein contents in
soybean with the application of Salicylic acid. Application of higher dose
of NAA resulted higher protein content and lower oil content in soybean
(Basuchaudhuri, 2016). The treatments affected more on oil contents of
soybean with the use of GA3 60 mg/L foliar application that was at par
with T1 and T7. Travaglia et al (2009) concluded that GAs as foliar spray
increased oil contents but reduced protein contents in soybean. Appli-
cation of higher dose of NAA resulted higher protein content and lower

Table 5
Influence of seed treatment and foliar applied of GA3 and 2,4-D of crude protein
contents, oil contents and Neutral detergent fibre (NDF) of soybean.

Treatments Crude Oil Contents ~ NDF
Protein

TO = Control 37.56 e 14.44d 14.32e

T1 = GA3 60 mg/L seed treatment 38.54d 18.81 ab 17.67 bed

T2 = GA3 90 mg/L seed treatment 41.32b 15.10 cd 17.89 be

T3 = GA3 60 mg/L foliar application =~ 38.24 de 19.10 a 16.17 d

T4 = GA3 90 mg/L foliar application ~ 39.89c 16.78 be 17.10 cd

T5 = 2,4-D 60 mg/L seed treatment 40.10c 16.43 cd 18.88 ab

T6 = 2,4-D 90 mg/L seed treatment 42.23 a 14.50 d 19.76 a

T7 = 2,4-D 60 mg/L foliar 39.90c 18.99 a 18.55 abc
application

T8 = 2,4-D 90 mg/L foliar 40.33c 16.32 cd 18.64 ab
application

Tukey’s critical value 0.82 2.20 1.52

Means with different letter indicate statistical difference (Tukey; p < 0.05).
NDF were noted maximum in T6 where 2,4-D 90 mg/L used as seed treatment
while lowest in control. The increase in NDF might be due to the response of cell
wall constituents. In Alfalfa forage NDF contents were significantly reduced by
the applied of various type of PGRs (Buck et al., 1988).
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oil content in soybean (Basuchaudhuri, 2016).

4. Conclusions

Significant differences among plant growth regulators (PGRs) and
their mode of application were observed which indicated that use of
PGRs should be stimulated. However, Auxin; (2,4-D) at 90 mg/L as seed
priming presented the higher values for overall studied variables. Hence,
it is recommended that the use of PGRs must be exhilarated for soybean
crop in rain-fed and hilly area.
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