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Abstract 
Soybean (Glycine max L.) is an important leguminous oilseed crop belonging to the family Fabaceae, 
with 2n = 40 chromosomes. This study evaluated the effect of foliar application of Plant Growth 
Stimulant (PGS) containing amino acid and fulvic acid on morpho-physiological traits, yield attributes 
and seed quality of soybean under the agro-climatic conditions of Chhattisgarh. A field experiment was 
conducted during kharif 2025-26 at IGKV, Raipur, using Randomised Block Design (RBD) with three 
replications and six treatments (Control, 2, 4, 6, 8 and 10 ppm PGS). The PGS was applied at pre-
flowering and pre-pod formation stages. Foliar application of PGS improved growth, physiological 
traits, yield attributes and seed quality. Among the treatments, 6 ppm PGS showed the best overall 
performance, particularly for SPAD, chlorophyll fluorescence (Fv/Fm), pods per plant, biological yield, 
seed yield and harvest index. Protein content was highest with 4 ppm, while oil content was maximum 
with 8 ppm PGS. These findings indicate that foliar application of PGS, particularly at 6 ppm, has 
potential for improving soybean productivity and seed quality. 
 
Keywords: Glycine max L., plant growth stimulant, biostimulant, amino acid, fulvic acid, 
physiological traits, yield, seed quality 
 
Introduction 
Soybean (Glycine max L. Merrill) is an important leguminous oilseed crop belonging to the 
family Fabaceae, with a diploid chromosome number of 2n = 40. Soybean is one of the most 
important leguminous oilseed crops in the world owing to its high protein (38–42%) and oil 
(18–22%) contents, making it an important source of food, feed and industrial raw materials 
(Liu, 1997; Rongli et al., 2020) [7, 12]. Besides its nutritional and economic importance, 
soybean contributes significantly to sustainable agriculture through biological nitrogen 
fixation, which improves soil fertility and reduces dependence on synthetic nitrogen 
fertilisers (Pandey and Singh, 2019; Teixeira et al., 2018) [11, 14]. However, soybean 
productivity is frequently constrained by poor nutrient use efficiency, imbalanced 
fertilisation, environmental stresses and inadequate crop management practices, resulting in 
yields considerably below the genetic potential of modern cultivars (Rouphael and Colla, 
2020; Vishwanatha et al., 2022) [13, 15]. 
In recent years, plant biostimulants have emerged as an eco-friendly and sustainable 
approach for improving crop productivity by stimulating natural physiological and 
biochemical processes without acting solely as nutrient sources (du Jardin, 2015; Calvo et 
al., 2014; Rouphael and Colla, 2020) [4, 3, 13]. According to the European Biostimulant 
Industry Council, plant biostimulants enhance nutrient use efficiency, improve tolerance to 
abiotic stress and promote crop quality through multiple physiological mechanisms (du 
Jardin, 2015; Rouphael and Colla, 2020) [4, 13]. Among the different categories of 
biostimulants, amino acid- and fulvic acid-based formulations have received considerable 
attention because of their ability to improve nutrient uptake, photosynthetic efficiency, 
chlorophyll synthesis, enzyme activation, and assimilate translocation (Calvo et al., 2014; 
Teixeira et al., 2018; Baghdadi et al., 2022) [3, 14, 1]. Amino acids function as precursors of 
proteins, enzymes, phytohormones and chlorophyll, while fulvic acid enhances membrane 
permeability, nutrient mobility and metabolic activity, collectively promoting plant growth 
and development (Rouphael and Colla, 2020; Bulgari et al., 2019; Vishwanatha et al., 2022) 
[13, 2, 15].  
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Several studies have demonstrated that foliar application of 
amino acid-based biostimulants significantly improves plant 
height, leaf area, chlorophyll content, photosynthetic 
efficiency, flowering behaviour, yield attributes and seed 
quality in field crops (Kocira et al., 2018; Melo et al., 2024; 
Han et al., 2024) [6, 9, 5]. Likewise, humic and fulvic 
substances have been reported to enhance nutrient 
acquisition, root growth, carbon assimilation and dry matter 
accumulation, resulting in increased crop productivity and 
improved seed quality (Teixeira et al., 2018; Baghdadi et 
al., 2022) [14, 1]. Despite the growing use of plant 
biostimulants, information on the optimum concentration of 
Plant Growth Stimulant (PGS) for improving morpho-
physiological traits, yield attributes and seed quality of 
soybean under the agro-climatic conditions of Chhattisgarh 
remains limited. Therefore, the present investigation was 
undertaken to evaluate the effect of different concentrations 
of foliar-applied Plant Growth Stimulant (PGS) on morpho-
physiological traits, yield attributes, seed yield and seed 
quality of soybean. 
 
2. Material and methods 
2.1 Plant material and experimental conditions  
The present investigation, entitled “Impact of biostimulant 
on morpho-physiological Traits, yield and yield attributes of 
Soybean (Glycine max L.)” was conducted during the kharif 
season of 2025-26 at the, College of Agriculture, Indira 
Gandhi Krishi Vishwavidyalaya (IGKV), Raipur, 
Chhattisgarh, India. The experiment was laid out in a 
Randomised Block Design (RBD) with three replications 
comprising six treatments: T₁ (Control), T₂ (PGS @ 2 ppm), 
T₃ (PGS @ 4 ppm), T₄ (PGS @ 6 ppm), T₅ (PGS @ 8 ppm) 
and T₆ (PGS @ 10 ppm). The soybean variety RSC-1040 
was sown on 08 July 2025, following the recommended 
package of practices. Plant Growth Stimulant (PGS), an 
amino acid- and fulvic acid-based biostimulant, was applied 
as a foliar spray at the pre-flowering and pre-pod formation 
stages according to the respective treatment concentrations, 
whereas distilled water was sprayed in the control treatment. 
All agronomic and plant protection practices were kept 
uniform for all treatments throughout the experimental 
period.  
 
2.2 Morpho-physiological parameters 
Morphological observations, including plant height, number 
of leaves and number of branches per plant, were recorded 
at the specified crop growth stages. Physiological 
parameters comprising SPAD chlorophyll index, 
chlorophyll fluorescence (Fv/Fm), specific leaf area (SLA) 
and specific leaf weight (SLW) were measured following 
standard procedures. Phenological observations, including 
days to first flowering, days to 50% flowering and days to 
pod initiation, were also recorded during the crop growth 
period. 
 
2.3 Yield and yield attributes  
At physiological maturity, observations on pods per plant, 
pod length, number of seeds per pod, 100-seed weight, seed 
yield per plant, biological yield and harvest index were 
recorded following standard procedures. The recorded 
observations were used to evaluate the effect of different 
concentrations of Plant Growth Stimulant on soybean 
productivity. 

2.4 Statistical analysis 
The experimental data were subjected to analysis of 
variance (ANOVA) appropriate for the Randomised Block 
Design (RBD). Treatment means were compared using the 
Critical Difference (CD) test at the 5% level of significance, 
wherever the F-test indicated significant treatment effects. 
 
3. Result and Discussion 
Foliar application of Plant Growth Stimulant (PGS) 
significantly influenced the growth, physiological and yield-
related traits of soybean. Plant height at 30 DAS was 
maximum under PGS @ 4 ppm (T₃) (40.48 cm), followed 
by T₆ (34.25 cm), while the minimum was recorded under 
T₄ (30.47 cm). At 45 DAS, the maximum plant height was 
observed under T₃ (47.23 cm), followed by T₆ (42.56 cm), 
and the minimum under T₁ (36.40 cm). At 60 DAS, 
maximum plant height was recorded under T₆ (69.93 cm), 
followed by T₅ (61.80 cm), whereas the minimum was 
observed in T₁ (46.31 cm). Number of leaves per plant was 
maximum under T₄ (25.33), followed by T₃ (24.33), while 
the minimum was recorded under T₂ (18.67). Number of 
branches per plant at 60 DAS was maximum under T₄ 
(6.47), followed by T₅ (6.26), and minimum under T₁ (5.00). 
Specific leaf weight (SLW) was maximum under T₄ 
(0.0053), followed by T₂ (0.0049), whereas the minimum 
was recorded under T₆ (0.0041). SPAD value was maximum 
under T₄ (50.10), followed by T₅ (45.20), while the 
minimum was recorded under T₁ (32.72). Chlorophyll 
fluorescence (Fv/Fm) was maximum under T₅ (0.82), 
followed by T₄ (0.81), and minimum under T₁ (0.68). 
Among yield attributes, pods per plant were maximum 
under T₄ (76.33), followed by T₃ (65.60), while minimum 
was recorded under T₁ (47.13). Pod length was maximum 
under T₄ (3.93 cm), followed by T₅ (3.60 cm), and minimum 
under T₁ (2.70 cm). Seeds per pod were maximum under T₄ 
(2.65), followed by T₅ (2.59), whereas minimum was 
recorded under T₁ (2.11). The maximum 100-seed weight 
was recorded under T₃ (14.60 g), followed by T₅ (14.10 g), 
while the minimum was under T₁ (12.63 g). Biological yield 
was maximum under T₄ (33.33 g plant⁻¹), followed by T₅ 
(31.87 g plant⁻¹), and minimum under T₁ (28.22 g plant⁻¹). 
Seed yield was maximum under T₄ (10.23 g plant⁻¹), 
followed by T₅ (9.37 g plant⁻¹), whereas minimum was 
recorded under T₁ (7.14 g plant⁻¹). Harvest index was 
maximum under T₄ (31.53%), followed by T₅ (29.13%), 
while minimum was observed under T₁ (25.11%). 
The improvement in plant height, leaves and branches 
following PGS application may be attributed to enhanced 
nutrient uptake, chlorophyll synthesis and metabolic 
activity, resulting in better vegetative growth and biomass 
accumulation (Calvo et al., 2014; du Jardin, 2015; Teixeira 
et al., 2018) [3, 4, 14]. The higher SLW, SPAD and Fv/Fm 
values under PGS treatments indicate improved 
photosynthetic efficiency and dry matter accumulation, 
possibly due to enhanced physiological activity and better 
light interception (Rouphael and Colla, 2020; Baghdadi et 
al., 2022; Han et al., 2024) [13, 1, 5]. The increase in pods per 
plant, pod length, seeds per pod, biological yield, seed yield 
and harvest index may be associated with improved 
photosynthetic efficiency, nutrient utilization and effective 
translocation of assimilates towards developing reproductive 
organs (Teixeira et al., 2018; Kocira et al., 2018; Han et al., 
2024) [14, 6, 5]. The higher 100-seed weight under PGS 
treatment suggests improved seed filling due to greater 
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assimilate availability during the reproductive stage 
(Baghdadi et al., 2022; Kocira et al., 2018) [1, 6]. Overall, the 
superior performance of PGS @ 6 ppm for most growth, 
physiological and yield traits indicates that this 

concentration provided optimum physiological stimulation 
for improving soybean productivity under the experimental 
conditions (Rouphael and Colla, 2020; Vishwanatha et al., 
2022) [13, 15]. 

 
Table 1: Effect of plant growth stimulant on morpho-physiological parameters 

 

Treatment PH (cm) NLPP NBPP SLA SLW SPAD value CF 

 30 DAS 45 DAS 60 DAS  45 DAS 60 DAS   Flowering 
stage 

Pod formation 
stage  

T1 31.49 36.4 46.31 19.00 4.87 5.00 224.5 0.0047 32.72 36.83 0.68 
T2 31.85 38.66 50.53 18.67 5.2 5.30 229.6 0.0049 39.53 40.72 0.71 
T3 40.48 47.23 58.57 24.33 5.75 5.97 221.3 0.0047 41.37 48.50 0.76 
T4 30.47 40.86 53.85 25.33 5.67 6.47 194.8 0.0053 50.10 49.54 0.81 
T5 31.96 42.43 61.80 20.00 5.93 6.26 214.7 0.0043 45.20 47.97 0.82 
T6 34.25 42.56 69.93 23.33 5.5 5.85 238.4 0.0041 44.83 43.69 0.76 

SEm (±) 2.48 1.08 2.36 1.22 0.11 0.12 137.1 0.007 1.51 2.29 0.02 
CD at % NS 3.41 7.42 3.85 0.35 0.36 NS NS 4.77 7.21 0.06 

 
Table 2: Effect of plant growth stimulant on morpho-physiological parameters 

 

Treatment NPPP PL NSPP Test Weight BYPP SYPP HI (%) 
T1 47.13 2.70 2.11 12.63 28.22 7.14 25.11 
T2 56.27 3.33 2.24 12.97 29.37 7.75 26.70 
T3 65.60 3.43 2.43 14.6 30.30 8.43 27.77 
T4 76.33 3.93 2.65 13.8 33.33 10.23 31.53 
T5 58.53 3.60 2.59 14.1 31.87 9.37 29.13 
T6 61.80 3.05 2.53 13.90 31.33 8.77 28.53 

SEm (±) 4.64 0.16 0.05 0.33 0.15 0.11 0.52 
CD at % 14.63 0.52 3.48 1.03 0.48 0.35 1.63 

 
Conclusion 
The present investigation demonstrated that foliar 
application of Plant Growth Stimulant (PGS) containing 
amino acid and fulvic acid can effectively improve the 
growth, physiological performance, yield attributes and 
productivity of soybean under the agro-climatic conditions 
of Chhattisgarh. Among the evaluated treatments, PGS @ 6 
ppm (T₄) showed the most consistent and superior 
performance, recording higher number of leaves and 
branches, SPAD chlorophyll index, chlorophyll 
fluorescence, pods per plant, pod length, seeds per pod, 
biological yield, seed yield and harvest index. PGS @ 4 
ppm performed better for plant height at earlier growth 
stages and 100-seed weight, while higher concentrations 
also improved several physiological and yield traits. The 
findings indicate that an optimum concentration of PGS can 
enhance photosynthetic efficiency, assimilate production 
and reproductive development, ultimately contributing to 
greater soybean productivity. Therefore, foliar application of 
PGS @ 6 ppm at pre-flowering and pre-pod formation 
stages may be considered a promising approach for 
improving soybean growth, yield and physiological 
performance under similar agro-climatic conditions. 
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