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ABSTRACT

Chemical fertilizers have contributed to improving crop production and coping with food safety challenges, but
their excessive application in agriculture has resulted in soil and environmental problems. The present study was
performed to assess the potential of biostimulants as an alternative to chemical fertilizers. A pot experiment was
conducted to examine the response of okra against different biostimulants, including glycine (G.L.), lysine (L.Y.),
aspartic acid (A.A.), vitamin B complex (V.B.), and chemical fertilizers (control; C.K.). The results revealed that
G.L. and V.B. significantly improved chlorophyll a (12.51%) and chlorophyll b (7.14%) contents in okra leaves
compared to C.K. V.B. (44.54%) and A.A. (43.15%) significantly improved the plant’s fresh weight. Plant dry
weight was significantly increased with V.B. (66.80%) followed by A.A. (32.05%) and G.L. (13.24%). Total phe-
nolic compounds were significantly improved in okra pods with V.B. (32.56%), followed by A.A. (14.99%). In
addition, G.L. (126.74%) significantly improved the protein content, followed by L.Y. (106.55%), V.B.
(82.26%), and A.A. (69.28%). Moreover, L.Y. (54.48%) and G.L. (37.46%) also increased the ascorbic acid content
in pods. The highest N concentration in okra shoots was observed with V.B. (87.42%), followed by G.L. (68.55%)
and L.Y. (59.75%). In addition, A.A. (67.27%) and V.B. (54.55%) improved the N concentration in okra pods
compared to C.K. L.Y. (48.30%) significantly improved the total P concentration in the shoot and G.L. improved
the P concentration in the pod (12.64%). Although C.K. produced the maximum okra pod fresh weight, biosti-
mulants (V.B., G.L., A.A.) also performed well with minimal loss in yield. The study concludes that biostimulants
application can significantly affect the plant’s physiological parameters, quality of vegetables, and production.
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1 Introduction

Chemical fertilizers play an integral role in improving crop productivity, but they also alter the soil’s
physicochemical and biological properties. The continuous employment of chemical fertilizers results in
soil health and quality degradation. For instance, the overuse of chemical fertilizers diminishes soil
nutrients, hardens soils, pollutes soil, air, and water, and even causes greenhouse gas emissions [1]. The
use of Nitrogenous fertilizers has rapidly increased globally and are expected to increase four to fivefold
by 2050 [2]. Although it significantly contributes to yield enhancement, it also reduces nitrogen use
efficiency, increases nitrate contamination, nitrate leaching and contamination of groundwater,
eutrophication, and nitrous oxide volatilization, causing global warming and a high risk of environmental
pollution [3].

The uncontrolled nitrogen (N) application without understanding the crop demand also increases N
concentration in groundwater, thereby increasing microbial activity and promoting the release of arsenic
from peat sediments [4]. Moreover, it has also been reported that more than 50% of the N fertilizers
remained unused and lost through leeching due to inefficient uptake of nutrients [5]. In this scenario, a
suitable alternative must be adopted to reduce the N-associated problems without compromising the crop
yield.

Biostimulants are organic/inorganic substances that have the potential to modify plants’ physiological
processes in such a way that they benefit the growth or, development or stress response of plants [6].
Moreover, it aims to achieve one or more characteristics of the plants, including nutrient use efficiency
(NUE), quality characteristics, nutrient uptake, and/or resistance against environmental stresses [7].
Numerous studies have reported that biostimulants can improve plant growth and help plants survive in
reduced fertilizer conditions. A study reported that the application of a biostimulant (Viva®) has the
capacity to reduce the chemical fertilization dose; it also stated that biostimulants enable tomato plants to
grow well under reduced fertilization (NPK) without compromising fruit quality and yield [6].

Moreover, RootsTM is an organic biostimulant that can stimulate plant growth and provide optimum
yield with up to 50% lower chemical fertilization [8]. Biostimulants also have the ability to reduce or
completely replace chemical fertilizers, along with a significant increase in radish yield under controlled
conditions [9]. Furthermore, the use of biostimulants under normal environmental conditions and reduced/
absence of chemical fertilizers has also been reported [10]. The quality and proximal composition of
watermelon were also improved with the use of biostimulants, which were identified as a sustainable
agricultural practice [11]. In addition, biostimulants induce major physiological changes in plants due to
hormones including amino acids, cytokinin, and Indole-3-acetic acid [12]. The improved plant quality can
be associated with the better uptake of nutrients that might be influenced by the expression of membrane
transporters controlling micro-nutrient uptake and distribution in plants [13].

The application of amino acids can positively influence vegetative, reproductive, and quality traits and
improve plant growth [14]. Glycine is proteinogenic amino acid that works as a signal transduction molecule
and readily improves nutrient uptake in plants [15,16]. Lysine is also an amino acid that helps plants to build
resistance against biotic and abiotic stresses through the saccharopine pathway [17]. Aspartic acid is another
amino acid involved in protein synthesis as well as other amino acids, sugars, and hormones, along with
nitrogen assimilation and synthesis of other nitrogen-containing molecules [18]. Vitamin B plays an
important role in primary metabolism in plants; it develops resistance against abiotic stresses and
stimulates root growth [19].

Okra (Abelmoschus esculentus L.), also known as Lady’s finger, belongs to theMalvaceae family and is
cultivated in different geographical regions of the globe. The major geographical regions of the okra seed
market are Europe, Asia-Pacific, and North America. It was also estimated that by the end of 2023, the
okra-based nutraceutical market will reach a worth of 222.9 million USD [20]. In the Asia Pacific region,
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the dominant producers of okra seeds include Pakistan, Malaysia, India, and the Philippines [20]. Okra crop
is grown in an area of 15,081 ha in Pakistan with an annual production of 114,657 tons [21].

Okra has numerous health benefits as it is a rich source of phenols, nutrients, vitamins, and unsaturated
fatty acids [22]. It is a multipurpose crop cultivated for garden and commercial farming purposes. Its buds,
flowers, leaves, pods, stem, and seeds are in high demand for its food consumption and medicinal benefits
[22]. Besides this, it is a hardy crop with an adaptability to grow and survive in tropical and sub-tropical
regions, but there is limited literature on this aspect [23]. To the authors’ knowledge, there is no existing
literature on prior experiments investigating the role of exogenously applied biostimulants on okra crop
physiology, quality, nutrition, and yield in the absence of chemical fertilizers under ambient conditions.

The objective of this study was to: (i) investigate the performance of okra against the exogenous
application of biostimulants, (ii) find the potential of biostimulants to replace chemical fertilizers in
normal environmental conditions, and (iii) estimate the efficacy of biostimulants as agricultural input in
vegetable production.

2 Materials and Methods

2.1 Experiment Details
A pot experiment was conducted to assess the role of biostimulants on yield, quality, and physiology of

okra at the research area of the Department of Soil Science, Bahauddin Zakariya University, Multan, Pakistan.
Plant biometric, physiological, quality, and nutritional parameters and soil properties were studied. The
experiment was performed from May to August 2021. About 20 kg of soil was filled into the pots having
the following physicochemical properties: pH 7.8, EC 0.1 dS·m−1, soil organic matter 0.7%, saturation
percentage 28%, texture sandy loam, N 450 mg kg−1, P 7.1 mg kg−1, and K 62.34 mg kg−1. The
experiment consisted of five treatments, including recommended chemical fertilizer (C.K.; N 86.4 kg ha−1,
P 74.1 kg ha−1, K 61.8 kg ha−1), glycine (G.L.; 3.51 g pot−1), lysine (L.Y.; 6.82 g pot−1), aspartic acid
(A.A.; 16.18 g pot−1), and vitamin B complex (V.B.; 0.65 g pot−1). Each treatment was replicated thrice,
and pots were arranged in a completely randomized design (CRD). The doses of biostimulants were
according to the crop’s N requirements (86.4 kg ha−1) following our previous study [19].

Six okra seeds (cultivar; “Hybrid Gala 455-F1”, AgriTech, Multan, Pakistan) were sown in each pot on
25 May 2021. Smaller seedlings were later thinned out, and only two plants per pot were maintained. The
foliar application was performed four times (25-day intervals starting from 20 June 2021) in the morning on
sunny and windless days. Regular manual weed eradication using the hand weeding method and irrigation
practices was maintained during the growth period. Okra is a multi-picker; therefore, fruits were collected
thrice from 15 September to 01 November. The crop was harvested on 01 November 2021. Moreover,
soil samples from each pot were collected and stored for analysis at 4°C for a week.

2.2 Plant Analysis

2.2.1 Physiological Attributes
Chlorophyll contents were determined in okra leaves. Fresh leaf samples were collected from each pot,

cut into fine pieces, dipped into ethanol (96% v/v), and placed in darkness for 24 h for chlorophyll extraction.
Afterward, the absorbance was measured at 665 and 649 nm using a spectrophotometer (Hitachi UV-Vis U
3000 spectrophotometer, Tokyo, Japan). The same leaves and extracts were used for both absorbance
measurements to minimize error. Leaf relative water content was also determined using the following
equation. Fresh leaf samples were collected, and their fresh weight was measured. The same leaf was
placed in distilled water for 3 h, and its turgid weight was recorded. Later, the leaf was kept in the oven,
and the dry weight of the leaf was recorded as per Eq. (1).
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RWC ¼ Leaf fresh weight � leaf dry weight

leaf turgid weight � leaf dry weight
� 100 (1)

2.2.2 Biometric Attributes
Plant fresh weight was recorded immediately after harvesting, whereas plants were kept in an oven at

65°C until constant weight was achieved. Afterward, plant dry weight was recorded using a weighing
balance. Similarly, okra fruit samples were collected multiple times, and their fresh and dry weight was
also recorded. At harvesting, plant height was measured using a measuring tape, the number of leaves
was counted, stem diameter was measured with digital Vernier calipers, and leaf area was estimated using
the following Eq. (2) [24].

leaf area ¼ 0:34 leaf length � leaf widthð Þ½ �1:12 (2)

2.2.3 Quality Attributes
Fresh okra samples were collected to determine total phenolic contents, total protein contents, and

ascorbic acid contents. Total phenolic compounds (TPC) were assessed in root and shoot. The fresh plant
samples (0.5 g) were homogenized using ethanol (10 mL, 80%) and then centrifuged (10 min, 4500 rpm).
The supernatant (0.1 mL) was taken, deionized water (2 mL), Folin Ciocalteu (F.C.) reagent (0.2 mL),
and the samples were mixed using a vortex mixture. Later, 20% sodium carbonate (1 mL) was added and
again mixed. Then, the samples were left in the dark for an hour. The absorbance was measured at
765 by standard curve nm using a spectrophotometer [25].

The total protein content in plant samples was determined by the colorimetric method. The fresh plant
sample (0.5 g), both root and shoot, was homogenized with 25 mL distilled water using a mortar and pestle
and centrifuged at 4500 rpm for 10 min [26]. The supernatant (0.2 mL) was added to an alkaline copper
solution (5 mL), mixed well, and left for 10 min. Further, the F.C. reagent (0.5 mL) was added and
incubated at room temperature for 30 min. The absorbance was measured at 660 nm wavelength. Bovine
serum albumin was used to prepare a calibration graph was prepared. The protein contents were
estimated in mg 100 g−1 fresh weight [27]. Ascorbic acid (vitamin C) was also determined. The fresh
plant root and shoot samples (0.5 g) were homogenized using 4% oxalic acid (20 mL) using a mortar and
pestle and centrifuged at 4500 rpm for 10 min. The supernatant was titrated against Tillmans’ reagent
using a calibrated burette until the pink color was developed and sustained for 30 s [28].

2.2.4 Nutritional Attributes
Oven dried plant and fruit samples were ground, digested, and analyzed for nutrient concentration. Plant

N concentration was determined by Kjeldahl N determination [29]. Meanwhile, P and K concentrations were
measured using the colorimetric method [30] and the photometric method [31].

2.2.5 Soil Attributes
Soil samples from each pot were analyzed in triplicate to eliminate standard error. Soil pH and E.C. were

determined using standard methods. Soil pH and E.C. meter were used. Walkley-Black method [30] and
Kjeldahl method [31] were used to determine soil organic matter and total N in soil, respectively.
Moreover, soil P was extracted with 0.5 M sodium bicarbonate [32] and estimated using a
spectrophotometer. Soil K was extracted with IN ammonium acetate solution [33] and concentrations
were determined using a flame photometer (PFP7 Industrial Flame Photometer 110 V, Jenway, Garforth,
England). All the instruments were calibrated using standard solutions. A sample of known concentration
was also tested to ensure the correctness of the instruments.

To estimate soil urease activity, a 5 g moist soil sample was taken, urea solution was added (2.5 mL), and
incubated for 2 h at 37°C. Later, potassium chloride (KCl) solution (50 mL) was poured into it, shaken for
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30 min, and then filtered. For the colorimetric determination of released ammonia, filtrate (1 mL), distilled
water (9 mL), sodium salicylate/NaOH solution (5 mL), and 0.1% sodium dichloroisocyanurate solution was
prepared and allowed to stand for 30 min. A spectrophotometer was used to measure the absorbance at
690 nm [34]. Ammonium standard solutions were prepared using ammonium chloride.

2.2.6 Statistical Analysis
The one-way analysis of variance (ANOVA) was carried out to analyze the significance of data using

Statistix version 9. The Least Significant Difference at a 5% probability level was used to identify
differences among means. R-studio (2022.12.0) was used for Pearson correlation (corrplot package).

3 Results

The okra performance improved significantly with the use of biostimulants. In this study, all the
treatments were compared with control group plants that received chemical fertilizers.

3.1 Physiological Attributes

3.1.1 Photosynthetic Pigments
Foliar application of biostimulants influences the photosynthetic pigments in leaves. For okra,

chlorophyll a contents were significantly enhanced with G.L. (12.51%) as compared to C.K. (Fig. 1A).
V.B. significantly improved the chlorophyll b contents in okra leaves (7.14%) compared to C.K. Whereas
G.L. indicated the lowest values for chlorophyll b contents (Fig. 1B).

3.1.2 Relative Water Content
Biostimulants positively influence the relative water contents in leaves. Results indicated the lowest

relative water content with A.A. While all other treatments, including V.B. (10.58%), G.L. (9.50%), and
L.Y. (7.64%) significantly increased the relative water content as compared to C.K. (Fig. 1C).

Figure 1: (Continued)
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3.2 Biometric Attributes

3.2.1 Plant Fresh and Dry Weight
Results demonstrated that the application of biostimulants positively influenced plant fresh and dry

weight. V.B. and A.A. significantly improved the plant fresh weight reporting by 44.54% and 43.15%
increase as compared to C.K. Moreover, L showed a 9.10% increase, and G was insignificant in relation
to C.K. (Fig. 2A). Plant dry weight significantly increased with V.B. (66.80%) followed by A.A.
(32.05%) and G.L. (13.24%) as compared to C.K. Whereas, L.Y. showed non-significant results (Fig. 2B).

Chemical fertilization significantly increased the fresh weight of okra pod (fruit; 10.12 g pot−1),
followed by G.L. (6.95 g pot−1), L.Y. (6.81 g pot−1), A.A. (6.22 g pot−1), and V.B. (5.64 g pot−1;
Fig. 2C). Besides this, C.K. showed the highest dry weight of okra pod, followed by L.Y. (1.10 g pot−1),
G.L. (0.99 g pot−1), A.A. (0.88 g pot−1) and V.B. (0.77 g pot−1, Fig. 2D).

3.2.2 Plant Morphology
Plant morphological attributes were significantly improved with the foliar application of biostimulants.

Plant height was significantly increased in A.A. (44.32%) and V.B. (38.87%), followed by G.L. (26.57%)
and L.Y. (15.59%) as compared to C.K. (Fig. 3A). Moreover, the average number of leaves (pot−1) was
also positively influenced by the application of biostimulants. It significantly improved with V.B. (38.67%),
L.Y. (31.28%), G.L. (26.07%), and A.A. (21.72%) as compared to C.K. (Fig. 3B). Stem diameter was
significantly improved with the use of biostimulants as compared to C.K. (Fig. 3C). Leaf area was
significantly enhanced with V.B. (104.53%) followed by A.A. (74.77%) as compared to C.K. (Fig. 3D).

Figure 1: Physiological attributes in okra: (A) chlorophyll a (B) chlorophyll b (C) relative water content
using chemical fertilizer (C.K.), glycine (G.L.), lysine (L.Y.), aspartic acid (A.A.), and vitamin B complex
(V.B.). The values mentioned herein are indicated as mean ± S.D., and lowercase letters indicate
statistical differences among means (p ≤ 0.05)

Figure 2: (Continued)
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3.2.3 Quality Attributes
Total phenolic compounds were improved in fruit significantly with V.B. (32.56%) followed by A.A.

(14.99%), G.L. (5.03%), and L.Y. (3.01%) as compared to C.K. (Fig. 4A). The application of
biostimulants contributed to significant changes in the quality. The foliar application of G.L. significantly
improved the protein content (126.74%), followed by L.Y. (106.55%), V.B. (82.26%), and A.A. (69.28%)

Figure 2: Plant weight in okra: (A) plant fresh weight (B) plant dry weight (C) pod fresh weight (D) pod dry
weight using chemical fertilizer (C.K.), glycine (G.L.), lysine (L.Y.), aspartic acid (A.A.), and vitamin B
complex (V.B.). The values mentioned herein are indicated as mean ± S.D., and lowercase letters indicate
statistical differences among means (p ≤ 0.05)

Figure 3: Plant morphology in okra: (A) plant height (B) average no. of leaves (C) stem diameter (D) leaf
area using chemical fertilizer (C.K.), glycine (G.L.), lysine (L.Y.), aspartic acid (A.A.), and vitamin B
complex (V.B.). The values mentioned herein are indicated as mean ± S.D., and lowercase letters indicate
statistical differences among means (p ≤ 0.05)
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as compared to C.K. (Fig. 4B). Foliar application of biostimulants significantly influenced the ascorbic acid
contents in okra pods. The results demonstrated that L.Y. (54.48%) significantly increased the ascorbic acid
content, followed by G.L. (37.46%) as compared to C.K. Whereas, A.A. (30.91%) and V.B. (28.29%) were
statistically similar (Fig. 4C).

3.2.4 Nutritional Attributes
The application of biostimulants contributed to significant changes in the nutritional content. The results

revealed that all the treatments significantly improved the N concentration in shoot and pod compared to C.K.
The highest N concentration in okra shoot was observed in plants receiving V.B. treatment (87.42%),
followed by G.L. (68.55%) and L.Y. (59.75%) as compared to C.K. In pods, A.A. improved the N
concentration (67.27%), followed by V.B. (54.55%) as compared to C.K. L.Y. (29.09%) and G.L.

Figure 4: Quality attributes: (A) total phenolic contents (B) total protein contents (C) ascorbic acid using
chemical fertilizer (C.K.), glycine (G.L.), lysine (L.Y.), aspartic acid (A.A.), and vitamin B complex
(V.B.). The values mentioned herein are indicated as mean ± S.D., and lowercase letters indicate
statistical differences among means (p ≤ 0.05)
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(20.00%) also improved the N concentration in pods. Lowest N concentration was observed in C.K.
(Fig. 5A). Phosphorus concentration in shoots and pods was also improved. L.Y. (48.30%) significantly
improved the total P concentration in the shoot, followed by G.L. (33.98%) as compared to C.K.
Whereas, G.L. also improved P concentration in the pod (12.64%) as compared to C.K. All other
treatments were not effective than C.K. (Fig. 5B). In the case of K concentration in plants, all treatments
showed non-significant results (Fig. 5C).

3.2.5 Soil Analysis
Foliar application of biostimulants slightly influenced the soil properties (Table 1). Results revealed that

C.K. showed the highest pH value (8.74) while E.C. showed non-significant results. Soil organic matter was
significantly improved with V.B. (157.36%) followed by L.Y. (142.03%), A.A. (119.03%), and G.L.

Figure 5: Nutrient concentration in okra: (A) nitrogen in shoot and pod (B) phosphorus in shoot and pod (C)
potassium in shoot and pod using chemical fertilizer (C.K.), glycine (G.L.), lysine (L.Y.), aspartic acid
(A.A.), and vitamin B complex (V.B.). The values mentioned herein are indicated as mean ± S.D., and
lower and upper-case letters indicate statistical differences among means (p ≤ 0.05)
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(106.98%) as compared to C.K. Soil N was also enhanced with L.Y. (176.32%), V.B. (162.89%) followed by
A.A. (138.48%) and G.L. (98.76%) as compared to C.K. Soil P was significantly reduced with C.K. while all
other treatments improved the value. In addition, soil K was significantly improved with the L.Y. (29.06%)
followed by G.L. (19.08%) as compared to C.K. Other treatments reduced the K concentration in soil.
Compared to C.K., soil urease enzyme activity was significantly enhanced with the application of V.B.
(21.08%) and L.Y. (18.67%), followed by G.L. (14.73%) and A.A. (6.06%).

3.2.6 Pearson Correlation
Pearson correlation shows the association among different parameters. Blue indicates a positive

correlation, red indicates a negative correlation, and color intensity indicates the strength of association
among the parameters (Fig. 6). The higher the color intensity, the stronger the correlation will be. Results
demonstrated that plant fresh weight has a positive association with biometric and quality parameters, as
well as soil parameters; however, it has a negative correlation with fresh and dry weight of pod, P, and K
in shoot and pod. A similar trend was observed with plant dry weight. Pod fresh and dry weight has a
weak positive correlation with P in shoot and K in shoot and root, showing a negative association with
all other parameters. In addition, a positive correlation among the average number of leaves, leaf area,
stem diameter, phenol, ascorbic acid, protein in the pod, and N in the shoot and pod was observed (Fig. 6).

4 Discussion

4.1 Physiological Attributes
Leaf chlorophyll content was significantly improved with the application of amino acid-based

biostimulants. Green leaves are an indication of a healthy plant and proper plant functioning [35].
Chlorophyll a contents in okra leaves were improved with G.L., while chlorophyll b contents were
improved with V.B. (Fig. 1A,B). It might be due to improved water and ion use efficiency, enhanced
photosynthetic activity and stomatal conductance, and better bioactive compounds, i.e., vitamins, amino
acids, and mineral nutrients [19]. In addition, chlorophyll a is directly involved in photosynthesis [36].
Chlorophyll b contributes to enhancing cell metabolism and synthesizing secondary metabolites in plants
because it absorbs a wider range of wavelengths [37]. In addition, vitamins also play an integral role in
the biosynthesis of amino acids, organelle-specific compounds, fatty acids, neurotransmitters, and plant
hormones. Concurrently, amino acids act as osmolytes and also contribute to bio-membrane integrity and
ion transport. Amino acids are also a source of N and increase the chlorophyll content in plants [38].

The foliar application of biostimulants enhanced the relative water content (Fig. 1C) indicating
improved photosynthesis and better plant growth. The leaf relative water content was improved with
V.B., G.L., and L.Y. It could be due to the better plant pressure potential, elevation of water absorption in
plant cells, and enhanced water uptake. For instance, G.L. has the potential to enhance water uptake in

Table 1: Soil properties observed using chemical fertilizer (C.K.), glycine (G.L.), lysine (L.Y.), aspartic
acid (A.A.), and vitamin B complex (V.B.). The values mentioned herein are indicated as mean ± S.D

Treatment pH E.C. (dS m−1) O.M. (%) T.N. (g kg−1) AP (mg kg−1) AK (mg kg−1) UEA (µg NH4-N g−1 dwt 2 h−1)

C.K. 8.74 ± 0.10a 0.89 ± 0.04a 0.42 ± 0.02e 0.22 ± 0.02d 16.36 ± 0.41b 225.47 ± 1.37c 10.50 ± 0.30d

G.L. 8.39 ± 0.08bc 0.88 ± 0.05ab 0.87 ± 0.03d 0.44 ± 0.04c 18.13 ± 0.83a 268.51 ± 3.91b 12.05 ± 0.11b

LY 8.33 ± 0.07c 0.88 ± 0.03ab 1.02 ± 0.02b 0.61 ± 0.05a 18.00 ± 0.73a 291.00 ± 2.32a 12.46 ± 0.33a

AA 8.53 ± 0.16b 0.81 ± 0.03b 0.92 ± 0.03c 0.52 ± 0.03b 17.85 ± 0.64a 199.82 ± 5.07d 11.14 ± 0.12c

VB 8.35 ± 0.09bc 0.85 ± 0.05ab 1.08 ± 0.02a 0.58 ± 0.03ab 18.21 ± 1.04a 181.63 ± 1.12e 12.71 ± 0.14a

Note: pH is soil pH, E.C. is soil electrical conductivity, O.M. is soil organic matter, T.N. is total nitrogen, A.P. is available phosphorus, A.K. is
available potassium, and UEA is urease enzyme activity. Herein, lowercase letters indicate statistical differences among means (p ≤ 0.05).
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plants and protect plasma membrane [39]. Furthermore, Vitamin B also prevents cell damage due to its
antioxidant properties [9].

4.2 Biometric Attributes
The plant biomass was also improved with the application of biostimulants (Fig. 2). It might be

associated with improved water and nutrient uptake, nutrient assimilation, and plant photosynthesis [40].
Amino acids influence primary and secondary metabolic processes, plant physiological processes,

Figure 6: Pearson correlation. Chl a is chlorophyll a, chl b is chlorophyll b, RWC is relative water content,
PFW is plant fresh weight, PDW is plant dry weight, pFW is pod fresh weight, pDW is pod dry weight, P.H. is
plant height, A.L. is the average number of leaves, S.D. is stem diameter, L.A. is leaf area, Phe is phenolic
content, Pro is protein contents, Asc is ascorbic acid content, sN is straw nitrogen, pN is pod nitrogen, sP is
straw phosphorus, pP is pod phosphorus, sK is straw potassium, pK is pod potassium, spH is soil pH, sEC is
soil E.C., sTN is soil total nitrogen, sAP is soil available phosphorus, sAK is soil available potassium, and
sUEA is soil urease enzyme activity

Phyton, 2024, vol.93, no.12 3541



vegetative growth, and fruit maturity [41]. Biostimulants containing amino acids also act as a precursor for
endogenous plant hormones. The bioactive compound induces signaling pathways in plants; for instance,
amino acids act as signaling molecules and regulate the growth and development of plants [42]. Vitamin
B1 is a cofactor that significantly improves primary metabolic processes in plants (glycolysis,
tricarboxylic acid cycle, and pentose phosphate pathway), ultimately increasing plant growth
performances [43]. Photosynthetic efficiency, chlorophyll formation, cell enlargement, and formation of
growth hormones, including auxin, gibberellin, and cytokine, might be the reason behind improved crop
production [9]. Pearson correlation indicated that the plant height, plant fresh and dry weight, leaf area,
and the average number of leaves clearly showed the role of biostimulants in plant growth and
performance (Fig. 6). Literature reported that enhanced crop production including bean (Phaseolus
vulgaris L.), soya bean (Glycine max L.), Lavandin (Lavandula × intermedia), potatoes (Solanum
tuberosum L.), and lettuce with the application of biostimulants [44–47].

The number of leaves, plant height, stem diameter, and leaf area were improved with biostimulants
(Fig. 3). It might be due to multiple reasons such as triggering N metabolism or P release from soil to
enhancing root growth and plant development [28]. In addition, huge energy is required to produce
amino acids and proteins themselves; hence, the exogenous application of biostimulants promotes plant
growth and development [10].

4.3 Quality Attributes
Studied experiments showed improvement in phenolic contents with the application of biostimulants

(Fig. 4A). It might be associated with the positive effect of amino acids in plants, which play a vital role
in secondary metabolites’ metabolism and are strongly linked with hormones, proteins, and carbohydrate
synthesis [48]. The plants promptly absorb amino acids, become a stable source of molecule precursors,
and contribute to plant metabolic activities [49]. Phenolic compounds participate as anti-feedants, plant
pigmentation, phytoalexins, anti-oxidants, and protectants. Various studies reported that the foliar
application of biostimulants improved the total phenolic contents in plants. Capsicum annuum L., when
applied with natural biostimulants, improved the plant phenolic contents grown hydroponically [50],
tomato plants also improved the phenolic and ascorbic acid concentration with the application of
biostimulants under field conditions [51] and foliar application of amino-acids based biostimulants also
increased the phenolic contents in lettuce cultivars grown in soilless conditions [48].

Recent findings reported that foliar or soil application of amino acids could improve plant protein
content [52]. Moreover, amino acids are building blocks of protein and protein synthesis and act as a
precursor for enzymes involved in protein synthesis. Proteins play an integral role in the plant cell in
producingmembrane protein and enzymes, and GLY has been reported to stabilize the membrane and
protect the denaturation of enzymes [53] The observations suggest that plants stimulate two metabolic
pathways when applied with biostimulants, i.e., N primary metabolism produces proteins, and secondary
metabolism involves synthesizing phenolic compounds.

The increase in protein content may also be associated with improved carbohydrate and sugar content in
leaves. Carbohydrates are essential in incorporating ammonia in amino acids and enhancing protein
biosynthesis. At the same time, sugars accelerate N inclusions through the nitrate assimilation pathway. In
addition, sugars are also a good energy source and promote N uptake in plants. Improved chlorophyll
content and net photosynthesis are critical indicators for enhancing sugar biosynthesis [28]. Ascorbic acid
contents were improved with the application of biostimulants (Fig. 4C). It might be associated with the
role of biostimulants in plant metabolism, including vitamin C synthesis [54].
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4.4 Nutritional Attributes
The application of biostimulants significantly influenced the nutrient concentration in shoot and pods

(Fig. 5). Possibly through, exogenously applied amino acids act as a signal molecule and influence
hormones’ action via amino acid conjugation. Literature also reported that plant leaves immediately
absorb and translocate amino-acids-based biostimulants and later can perform various functions in plants
as modulators for stomatal openings, transport regulators, compatible osmolytes, detoxify heavy metals,
and signaling molecules [42]. Glycine has a better potential to release N molecules than urea [55]. Lysine
also plays numerous roles in plant growth and development. It has been reported that lysine induces
serotonin accumulation and the jasmonate signaling pathway in rice. Moreover, it also has a role in plant
growth and development, energy metabolism, and also develops systemic immunity in plants [56].

Mirtaleb et al. indicated that amino acids could induce N enzyme activity in plants leading to improved
N concentration in leaves and improved protein synthesis. In addition, amino acids are a source of N and a
practical component in plant nutrient use efficiency [57]. These are intermediate compounds in N
assimilation and the main form of N translocation from phloem to other parts of plants. Thus, the
application of amino acids can reduce nitrate accumulation in plants. Furthermore, biostimulation of
amino acids also improves nutrient uptake [52] in plants, as reported through current studies where
biostimulants’ application helped plants uptake nutrients from the soil.

The mechanisms of action of biostimulants are very diverse and may include P release from soils,
generic stimulation of soil microbial activity, and root growth enhancement. Moreover, amino acids-based
biostimulants increase plant productivity—improving ion transport, photosynthesis, assimilation of
essential nutrients such as N, sulphur, and carbon [58], and nutrient uptake [59]. The findings of our
study are consistent with previous studies where nutrient availability was increased with the application
of amino-acids-based biostimulants [58], improving nutrient availability in sweet yellow pepper [50] and
N uptake efficiency was improved in baby spinach and lamb’s lettuce [60].

4.5 Soil Attributes
The results of our study revealed that the application of biostimulants did not influence soil pH and E.C.

(Table 1). It might be due to the application method, i.e., foliar, used in this experiment. Besides this, soil
organic matter was little influenced, and it might be associated with the high rates of N application that
activate the soil organism and decomposition that ultimately deplete organic matter and soil P. Moreover,
the biostimulants used in these experiments were not a source of P and K. However, they influenced the
uptake of nutrients, leading to changes in soil properties. It might be associated with the release of
organic compounds produced by the plants that alter the root environment and improve the P availability
[61].

Plants play an active role in transforming soil nutrient status through root exudates and root residues
[62]. Plants’ roots face various forms of N in soil including organic and inorganic N. More than 90% of
organic N (amino acids, amino-sugars, vitamins, amines, proteins) whereas a small amount of mineral N
exists in soil. Mineralization of N takes place with the help of urease enzyme [63]. Amino acids are the
main component of root exudates and also contribute to influencing N uptake in plants [64]. The presence
of amino acids in soil contributes to the activity of microorganisms, which might be a reason for
enhancing soil urease enzyme activity, decomposing the organic forms of N to available forms, and
improving N uptake in plants [65]. It is reported that the urease enzyme activity has a positive correlation
with soil N contents [66].

4.6 Implementation of the Study
The practical implementation of the study is important to minimize the environmental hazards due to the

excessive use of chemical fertilizers. The study discusses the potential of biostimulants in improving crop
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performance and yield. Some published studies also support the idea that using biostimulants as an
alternative to chemical fertilizers can reduce environmental pollution without compromising crop yield
[67,68]. Although it is a pot experiment, it is still an innovative approach to organic farming. Moreover,
small-scale farmers, as well as kitchen gardeners, can prefer biostimulants over chemical fertilizers. It is
further recommended to perform short and long-term experiments including field trials, and crop and site-
specific studies, different times and methods of application need to be addressed. Moreover, the economic
aspects and the impacts of biostimulants on nutrient losses and gas emissions are also a research gap.

5 Conclusion

Biostimulants are an eco-friendly alternative to chemical fertilizers that improve crop quality and
performance. The results of our study demonstrated an improvement in plant physiology, biometrics,
quality, and nutritional attributes of the crop. However, a minimal reduction in fruit yield was observed. It
elaborated that different combinations of biostimulants, or integration of chemical fertilizers could help
enhance crop yield.

Moreover, biostimulants are complex multi-component products, making it difficult to understand their
‘mode of action’ in plants. Due to its tremendous outcomes, it is an excellent challenge for the scientific
community to conduct further research using biostimulants and identify their ‘mechanism of action’ using
advanced technology, bioinformatics, plant biology, and various other methodologies. In the future, long-
term field trials need to be conducted to identify the potential of biostimulants. In addition, it is also
important to explore the suitable time and dose of biostimulants, the influence of temperature and climatic
conditions on crop performance when applied with biostimulants, the leeching and volatilization losses,
and its impact on different crop rotations. Furthermore, the mechanism behind the benefits of
biostimulants gained by the plants needs to be identified.
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