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Abstract: Chemical fertilizers play an integral role in advancing food production to combat the
increasing food challenges and ensure food security. Unfortunately, the overuse of these fertilizers
has negatively influenced the soil and the environment. Considering this aspect, two pot experiments
were performed to evaluate the efficacy of biostimulants in vegetable production systems. The first
experiment compared the effects of chemical fertilizers (CF) with glycine (GL), aspartic acid (AA),
lysine (LY), and vitamin B complex (VB). The plant’s physiological and morphological attributes
and yield were studied. The results confirmed that VB has the potential to improve the rate of
transpiration (26%), total chlorophyll content (27%), root diameter (213%), and dry matter (289%)
compared with CF. In the second experiment, the effects of chemical fertilizers (CF) were compared
with Isabion® (I), 25% CF + GL + LY (B1), 25% CF + GL + AA (B2), and 25% CF + AA + LY (B3). Similar
attributes were analyzed to identify the influence of the applied treatments on turnip production.
The results demonstrated that B2 enhanced the rate of photosynthesis (963%), transpiration (254%),
and stomatal conductance (76%). Moreover, B1 improved the plant’s fresh weight (6%) and moisture
contents (4%) compared to CF. In conclusion, biostimulants (LY, VB, and B1) are capable of improving
turnip performance and production compared to CF. Future studies must focus on the efficiency
of biostimulants against the long-term application effects on soils, nutrient-use efficiency, and crop
production. Furthermore, the mechanism of action needs to be addressed in the future.

Keywords: amino acids; leaf extract; vitamins; lysine; foliar application

1. Introduction

Vegetables are a good source of biologically active substances [1], calories, and nutri-
ents; thus, they are highly recommended for humans’ daily diet. Plant products are a major
part of the human diet and provide dietary fiber, minerals, and phytochemicals that are
beneficial for human health. Studies reported that a vegetable-rich diet helps maintain bone
strength, blood pressure, heart and mental health, and hormonal production, in addition
to providing numerous other health benefits. Moreover, vegetables can also be used to
fight against undernutrition, hunger, and poverty and grow the economy even if grown
and consumed locally [2]. With the increasing world population, it has been estimated
that approximately 9.7 billion people will need to be fed by 2050 [3]. During the last two
decades (1997–2017), vegetable production has doubled (from 0.55 to 1.09 billion); therefore,
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it is essential to provide favorable soil and environmental conditions to fulfill the demands
for vegetables in the future [4,5]. The turnip (Brassica rapa) is a vital root vegetable and
forage crop. It is indigenous to Asia, Europe, Russia, and the Near East and is now widely
cultivated throughout the globe as both a vegetable and oil source [6]. In Pakistan, the
turnip was cultivated on 9609 hectares of land with 167,065 tons of production in 2020–2021,
making it an important vegetable locally [7]. Furthermore, it has also been reported to have
various medicinal benefits, including acting as a therapeutic agent against kidney and liver
diseases and other ailments. It has also been discovered that turnip has antimicrobial, anti-
inflammatory, antitumor, cardio-protective, antidiabetic, analgesic, and nephron-protective
properties and aids against metabolic syndrome and obesity [8]. Moreover, it improves
growth in response to heavy fertilization [9], which is also a cause of non-point pollution.

Modern agriculture is highly dependent on fertilizers’ application for achieving higher
crop productivity and is a crucial tool to target food safety challenges. Chemical fertilizers
greatly contribute to improving crop productivity and soil nutrient pools. However, the
troublesome impacts of high-dose chemical fertilization cannot be ignored in environmental
deterioration. The excessive use of chemical fertilizers has adversely affected the soil eco-
profile; altered the soil’s biological and physicochemical properties; declined soil organic
matter; reduced soil fertility; disturbed biodiversity; and polluted the air, water, and soil,
respectively [10]. In addition, the excessive use of nitrogenous fertilizers has increased the
concentration of nitrates in many vegetables, becoming a significant source of nitrate for
humans [11]. The scientific community and agricultural sectors face a massive challenge
to enhance crop productivity to feed the growing population worldwide and reduce the
hazardous impacts on the environment and human health [12].

Various technologies have been introduced to boost vegetables’ growth and minimize
the toxic agriculture inputs, i.e., fertilizers and pesticides [13–15]. One of the emerging tech-
nologies to proliferate sustainable agriculture production is the use of biostimulants [16].
According to the new European Union regulation (EU; 2019/1009), biostimulants are a prod-
uct that has the potential to improve the plant’s nutritional processes and achieve the following
properties to improve nutrient uptake: tolerance against biotic/abiotic stresses, enhanced
quality traits, and ability to contribute to nutrients’ availability in the rhizosphere [17]. Bios-
timulants are a mixture of organic and inorganic materials that can improve a crop’s growth,
productivity, quality, and nutrient uptake. Biostimulants cannot replace fertilizers because
they are not nutrients but effectively reduce the requirement for fertilizers and overcome
nutrient deficiency [18]. The global market of biostimulants reached USD 2.5 billion in 2019
and is one of the fastest-growing agriculture-associated industries, ultimately reducing the
chemical fertilizers market [19].

The beneficial responses of biostimulants regarding improved crop yield have been
reported in recent years. Combining zinc–lysine chelates and zinc-solubilizing bacteria
significantly improved maize (Zea mays L.) yield and grain biofortification [20]. Moreover,
growing plants hydroponically improved the pigment content in leaves and positively
influenced yellow pepper (Capsicum annum L.) yield with biostimulants [21]. Without
chemical fertilizers, radish (Raphanus sativus L.) root and shoot biomass increased with
the integrated use of biostimulants under greenhouse conditions [18]. It is also reported
that strawberry (Fragaria × ananassa) plants can benefit from quality and yield traits with
biostimulants under insufficient nutrients [22]. Tomato Solanum lycopersicum L. plants
also responded positively to exogenously applied amino-acids-based biostimulants, which
promoted plant-growth processes [23]. Vitamin B was also reported to improve plants’
oxidative stress, ultimately enhancing yield [24] and increasing root growth [18]. Thus,
various biostimulants have been reported to improve yield in numerous crops, including
the bean (Phaseolus vulgaris L.), with an increased number of pods (26%) [25]; Lavandin
(Lavandula × intermedia), with improved fresh weight (47%) and dry weight (38%); white
radish, with enhanced fresh weight (478%) [3]; and red radish, with increased root biomass
(65%) [18]. However, the impact on the nutritional and functional properties of edible parts
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might differ depending upon the species, dose, properties of biostimulants, and time of
application [8].

The need for this study arises from the necessity to find sustainable solutions for turnip
cultivation under stress-less conditions and find an eco-friendly approach to conventional
agricultural practices, especially over-fertilization. This study aimed to identify the use of
biostimulants for the performance of turnips and improve their performance compared
with chemical fertilization. With this aim, two pot experiments were performed with
sole and combined application of biostimulants. Our study hypothesized that applying
biostimulants would help minimize the use of chemical fertilizers. Prior to the extent of the
authors’ knowledge, experiments evaluating the effect of exogenously applied biostimu-
lants on turnip growth with reduced fertilization in stress-less environments have not been
reported yet. Moreover, various alternatives to chemical fertilization have been reported,
but the use of biostimulants and their combinations under normal soil, environmental,
and climatic conditions to support turnip growth and its impacts on plant physiology in
the absence or limitation of chemical fertilizers endows it with the distinction of being a
novel study. Hence, the objectives are to (i) evaluate the influences of biostimulants on
turnip growth, photosynthetic activity, and yield, (ii) study the effects of biostimulants in
the absence/presence of chemical fertilizers, and (iii) reduce the application of chemical
fertilizers to minimize its negative impacts on the environment.

2. Materials and Methods

This study was organized into two pot experiments to evaluate the response of turnips
with the application of biostimulants.

2.1. Experimental Details

The first experiment was performed at the experimental station of the Department of
Soil Science (30.258◦ E, 71.515◦ N), FAS&T, Bahauddin Zakariya University (BZU) Multan,
Pakistan. Multan is located in a semi-arid region with hot summers and mild winters.
The maximum temperature during the growing season was 36 ◦C, and the minimum
temperature was 7 ◦C. Multan is the pronounced part of Bari Doab, Punjab plains, and its
elevation is 114 to 135 m above sea level, geographically located in the center of Pakistan [26].
This study was conducted during the growing season of 2021 (September–December).

The second study was performed at the experimental area of the College of Agriculture,
BZU, Bahadur Sub-campus Layyah (30.97◦ E, 70.96◦ N) Pakistan. Layyah City lies in a
desert climate with hot days, cold nights, and little annual rainfall. The average annual
temperature is 25 ◦C in Layyah, and during the experimental season, it ranged from 6–36 ◦C.
The trial was conducted from October to January 2021.

2.1.1. Experiment 1

The pots were lined using plastic sheets, and 20 kg of soil was added. The physic-
ochemical properties of the soil used in this experiment are given in Table 1. This study
was focused on five treatments with three replicates and was organized in a completely
randomized design (CRD). The following treatments were tested:

• Chemical fertilizer (CF; N 62 kg ha−1, P 49 kg ha−1, K 62 kg ha−1);
• Glycine (GL; 2.47 g pot−1);
• Lysine (LY; 4.79 g pot−1);
• Aspartic Acid (AA; 4.37 g pot−1);
• Vitamin B complex (VB; 0.46 g pot−1).

The treatments’ doses were kept the same according to nitrogen (N) requirements
(62 kg ha−1) of turnip. In the case of CF, urea, di-ammonium phosphate (DAP), and
sulphate of potash (SOP) were used as a source of N, phosphorus (P), and potassium (K).
Chemical fertilizers were not applied to any treatment except CF. Turnip seeds were soaked
in water overnight before sowing, and five seeds (cultivar; Purple top white globe) per pot
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were sown on 24 September 2021. Later, two plants per pot were maintained after thinning.
Once the seedlings were established, four foliar applications of each treatment were made
at ten days intervals on 15 October, 25 October, 5 November, and 15 November 2021. The
crop was harvested at maturity on 9 December 2021. Plants were irrigated according to the
requirement by maintaining the field capacity level, and weeds were eradicated manually.
Plant root and shoot samples were collected at maturity and used to calculate the yield,
physiology, and morphological attributes.

Table 1. Physio-chemical properties of soil.

Soil Properties Experiment 1 Experiment 2

Soil pH 7.7 7.8
Electrical conductivity (dS·m−1) 0.5 0.1
Organic matter (%) 0.4 0.7
Saturation (%) 34 28
Texture (USDA System) Loam Sandy Loam
Soil total N (mg kg−1) 221 450
Soil extractable P (mg kg−1) 8.2 7.1
Soil extractable K (mg kg−1) 30.1 62.34

2.1.2. Experiment 2

Soil (8 kg) was filled in plastic sheet-lined pots. The soil physicochemical characteristics
in this experiment are given in Table 1. Five treatments with three replicates included in
the experiment are as follows:

• Recommended chemical fertilizer (62 kg ha−1 N, 49 kg ha−1 P, K 62 kg ha−1 K) (CF);
• Isabion® (contains 100 g L−1 amino acids; 1 L ha−1) (I);
• Treatment with 25% CF + Glycine (5 g L−1) + Lysine (1 g L−1) (B1);
• Treatment with 25% CF + Glycine (5 g L−1) + Aspartic acid (2 g L−1) (B2);
• Treatment with 25% CF + Lysine (1 g L−1) + Aspartic acid (2 g L−1) (B3).

Treatment application methods and practices were identical to the first experiment.
Five seeds were sown on 21 October 2021 in each pot. Later two healthy plants per pot were
later maintained, and the smaller ones were removed. Foliar applications of treatments
were carried out on 16 November, 26 November, 6 December, and 16 December 2021.
Irrigation was applied according to the crop need, while weed eradication was conducted
manually. Turnip roots and shoots were harvested at maturity on 13 January 2022, and all
the samples were collected, washed, and used for the required analyses. GL, LY, and AA
were purchased from Sigma Aldrich (St. Louis, MO, USA), while VB was purchased from
Martin Dow Market Ltd. (Karachi, Pakistan).

2.2. Laboratory Analysis

Before harvesting, two healthy leaves from each replication were selected, and plant
photosynthetic parameters, i.e., photosynthetic and transpiration rates, internal CO2 con-
centrations, and stomatal conductance were measured in the morning (between 08:30
and 9:30 a.m.) using an infrared gas analyzer (IRGA; Analytical Development Company,
Hoddesdon, UK). Photosynthetic pigments, including chlorophyll, were estimated using
the colorimetric method. One healthy leaf from each replication was collected, cut into
small pieces, dipped in ethanol, and stored in the dark for 24 h for chlorophyll extraction.
The spectrophotometer (UV 1600 Shimadzu, Kyoto, Japan) was used to determine chloro-
phyll a and b contents at 665 and 649 nm wavelengths. Analysis was performed in two
replicates to minimize the error [27]. Plant fresh weight was determined immediately after
harvesting, while the plants were oven dried at 65 ◦C until a constant weight was achieved.
Plant fresh and dry weights were recorded using a weighing balance. Moreover, turnip
root diameter was determined using digital Vernier calipers.
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2.3. Statistical Analysis

The one-way analysis of variance (ANOVA) was carried out to analyze the significance
of data using Statistix 9. The Least Significance Difference (LSD) at p ≤ 0.05 was used
for pairwise comparison. R studio (2022.12.0) and Microsoft Excel (2016) were the critical
software for data processing and graphs preparation.

3. Results
3.1. Experiment 1

The results demonstrated that biostimulants are potentially important in sustainable
agriculture (Figure 1). A significant improvement in photosynthetic rate with the use of
AA (165%), followed by LY (164%), VB (158%), and GL (128%), compared to CF, was observed
(Figure 1A). Transpiration was also increased significantly with VB (26%) and AA (12%)
(Figure 1B), whereas stomatal conductance and internal CO2 were reduced with biostimulants
compared to CF (Figure 1C,D). In addition, the photosynthetic pigments (chlorophyll a + b)
were significantly improved with the application of VB (26.95%), followed by AA (18%), LY
(14%), and GL (5%) compared to CF (Figure 2A). CF significantly enhanced moisture content,
followed by GL, LY, AA, and VB (Figure 2B).
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Figure 1. Effect of biostimulants on (A) photosynthetic rate, (B) transpiration rate, (C) stomatal
conductance, and (D) internal CO2 concentration, where CF is chemical fertilizer, GL is glycine, LY is
lysine, AA is aspartic acid, and VB is vitamin B complex. The data sets are presented as means ± SD
(n = 3). Columns that share the same letter(s) are not statistically significant at p ≤ 0.05.
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The plant fresh weight (shoot + root) metric was significantly improved using biostim-
ulants (Figure 3A). LY improved the fresh weight (82%), followed by AA (72%), VB (54%),
and GL (51%) in comparison to CF. An increase in plant dry weight was observed with
the use of VB (289%), LY (271%), AA (257%), and GL (160%), respectively (Figure 3B). The
root diameter metric was increased in VB (213%), AA (185%), GL (164%), and LY (60%)
compared with CF (Figure 3C).
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3.2. Experiment 2

The integrated application of biostimulants and chemical fertilizers significantly im-
proved the photosynthetic rates in turnip plants (Figure 4A). Compared to CF, the pho-
tosynthetic rate was highest in B2 (963%), followed by B3 (491%), B1 (100%), and I (21%),
respectively (Figure 5A). Transpiration was also increased by 254%, 234%, 188%, and 169%
in B2, B3, B1, and I, respectively (Figure 4B). Stomatal conductance also experienced sig-
nificant benefits with the use of B2 (76%), followed by B3 (58%), I (40%), and B1 (29%),
respectively (Figure 4C). Internal CO2 concentration declined as CF (341 µmol mol−1) and
I (346 µmol mol−1) showed the highest values (Figure 4D).
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Figure 4. Effect of biostimulants on (A) photosynthetic rate, (B) transpiration rate, (C) stomatal
conductance, and (D) internal CO2 concentration, where CF is chemical fertilizer, I is Isabion,
B1 is 25% CF + glycine + lysine, B2 is 25% CF + glycine + aspartic acid, and B3 is 25% CF + as-
partic acid + lysine. The data sets are presented as means± SD (n = 3). Columns that share the same
letter(s) are not statistically significant at p ≤ 0.05.

Photosynthetic pigments (chlorophyll a + b) were improved with the application of I
(98%), B2 (83%), B3 (75%), and B1 (73%), respectively, compared to CF (Figure 5A). Moisture
contents were increased with the application of B1, I, and B3 by 4%, 3%, and 2% compared
to CF (Figure 5B). Plant fresh weight (shoot + root) was increased in B1 (6%), while the
other treatments, I (67.00 g), B2 (50.00 g), and B3 (47.67 g), showed negative results as
compared to CF (102.67 g), respectively (Figure 6A). Moreover, dry weight was highest in
CF, followed by B1, B2, B3, and I (Figure 6B). In addition, CF and B1 improved the root
diameter, while the other treatments, I (2.88 cm), B2 (3.31 cm), and B3 (3.05 cm), showed
negative results compared to CF (3.79 cm), respectively (Figure 6C).
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Figure 6. Plant biomass and morphology: (A) plant fresh weight, (B) plant dry weight, and (C) root
diameter. CF is chemical fertilizer, I is Isabion, B1 is 25% CF + glycine + lysine, B2 is 25% CF + glycine + as-
partic acid, and B3 is 25% CF + aspartic acid + lysine. The data sets are presented as means± SD (n = 3).
Columns that share the same letter(s) are not statistically significant at p ≤ 0.05.
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3.3. Pearson Correlation

The results demonstrated a moderately positive correlation of photosynthetic rate with
stomatal conductance, fresh and dry weight, chlorophyll content, and root diameter. At the
same time, it has a weak negative association with internal CO2 assimilation, transpiration,
and moisture content. The transpiration rate strongly correlates negatively with fresh
weight, dry weight, and root diameter. It negatively relates to chlorophyll content, internal
CO2 assimilation, and weak correlation with stomatal conductance and moisture content.
Stomatal conductance was positively correlated with internal CO2 assimilation, plant fresh
and dry weight, root diameter, and chlorophyll content, while it showed a positive weak
relation with moisture content. Internal CO2 assimilation is positively associated with
fresh and dry weight, root diameter, chlorophyll content, and moisture content. A strong
positive influence of chlorophyll content on plant biomass and morphology was observed,
while moderate positive relation with moisture content was observed. A strong positive
association was observed between fresh and dry weight and root diameter, while a slightly
positive correlation with moisture content. In addition, moisture content also presented a
weak positive correlation with root diameter (Figure 7).
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4. Discussion

Biostimulants can improve crop productivity and decrease the use of chemical fertiliz-
ers. Our studies revealed that the foliar application of biostimulants significantly improved
crop nutrition, growth, and productivity. In experiment 1, biostimulants improved plants’
photosynthesis (Gl, Ly, AA, and VB) and transpiration rates (AA and VB), possibly via
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the composition of biostimulants and their role in plant mechanisms. Vitamins are sig-
nificant in cellular metabolism and participate in more than 140 biochemical reactions. It
also contributes to the biosynthesis of amino acids, fatty acids, plant hormones, organelle-
specific compounds, and neurotransmitters. Furthermore, it is involved in the breakdown
of storage compounds, reactive oxygen species scavenging, and chlorophyll synthesis and
ultimately benefit photosynthesis [28]. In addition, experiment 2 showed that B1 improved
photosynthesis in plants. This shows that the combination of GL and AA helps improve
plant physiology. It might be due to amino acids that play a role in primary and secondary
plant metabolic processes. It not only impacts plant physiological processes, plant vegeta-
tive growth, fruit maturity, seed germination, defense against a/biotic stresses, and reactive
oxygen species but also acts as a reverse source of N [29].

Plants are capable of producing amino acids and vitamins, but energy is required for
the processes; therefore, the foliar application of such biostimulants aids plants in improving
their growth and development [30]. The results revealed that biostimulants improved turnip
growth and physiological activities. In both experiments, the turnip growth and yield were
significantly enhanced with the foliar feeding of biostimulants. It could be related to improved
photosynthetic efficiency, cell enlargement, chlorophyll formation, and participation in the
formation of growth hormones, including auxin, gibberellin, and/or cytokine [18]. In experi-
ment 1, LY, AA, and VB improved the chlorophyll contents, whereas all combinations were
helpful in enhancing photosynthetic pigments in the second experiment. The substances in
biostimulants might be effective against chlorophyll deterioration and benefit the biosynthesis
of the thylakoid membrane, thus resulting in improved photosynthesis [12]. In addition,
chlorophyll a is directly involved in photosynthesis, whereas chlorophyll b allows plants to
absorb light at a broader range of wavelengths, enhances cell metabolism, and involves in the
synthesis of plant secondary metabolites [31].

A similar case was observed in both experiments. The combined use of amino acids-
based biostimulants significantly improved the plant biomass and root diameter. It might
be associated with improved fertilizer assimilation, water and nutrient uptake, and plant
photosynthesis [32]. Amino acids also act as chelating agents [30] and contribute to im-
proving nutrient uptake and nutrient use efficiency for macro- and micro-nutrients [33].
Additionally, the plants promptly absorb amino acids, become a stable source of molecule
precursors, and contribute to plant metabolic activities [34]. Vitamins also play a significant
role in root growth and development, act as an antioxidant against osmotic stress, and
involve protein biosynthesis [24].

Amino acids also contribute to improving nutrient uptake and nutrient use efficiency
for macro- and micro-nutrients [33]. Various published material reported that the use of
amino acids and vitamin-based biostimulants improved radish root and shoot biomass [18],
sweet pepper yield [35], physiological and nutritional responses in tomato [29], energy
value in pea seeds [36], physiology and leaf properties of the sweet cherry tree [37], and cu-
cumber growth and yield [38]. Moreover, commercial amino acid-based biostimulants have
shown improved yield even with the half dose of N fertilizer [33]. It can be associated with
stimulating hormone activity, nitrogen and carbon metabolism enzymes, plant biochemical
(sugar synthesis, antioxidant enzyme production), and physiological attributes [39].

Lysine plays numerous roles in plant growth and development; it has been reported
to induce the jasmonate signaling pathway, energy metabolism, serotonin accumulation,
systemic immunity, and multiple roles in plant metabolism [40]. Glycine also helps plants
to improve cell membrane stability and protection against peroxidation [41]. It has also
been reported that glycine can stabilize the oxygen-evolving activity of the photosystem II
complex, maintain cell membrane integrity and its components, and synthesize ATP [42].
Amino acids play a key role in N metabolism by regulating nitrate and ammonium uptake,
nitrate reduction, ammonium incorporation, nitrogen remobilization, and protein synthesis
and help plant grow even in nutrient-less conditions [41].

The excessive use of chemical fertilizers has adversely affected the soil environment,
and this ongoing practice will reduce the soil’s ability to serve humanity in the long run
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with quality food products [43]. Using biostimulants to boost nutrient uptake and plant
growth can be helpful in reducing the rates, ultimately minimizing the detrimental impacts
of chemical fertilizers on soil and the environment. Our studies reveal that biostimulants
can improve crop yield, physiology, and productivity. Moreover, the combined use of
biostimulants (B1 with a 75% reduction in fertilizer) can achieve outcomes similar to
chemical fertilizers. The impacts of biostimulants on crop biochemistry and quality need
to be addressed. Moreover, other application methods, such as root or soil application,
could be another aspect to study. The scientific community also needs to testify to the
long-term impacts and the response of various crops in field conditions to serve the farming
community better.

5. Conclusions

The Green Revolution was a practical approach to food and nutrition security. More-
over, it alleviated extreme poverty and malnourishment. But the excessive use of chemical
fertilizers deteriorated the soil and environment. In this scenario, biostimulants can be
an alternative method for sustainable production and minimize fertilizer applications to
overcome agricultural non-point pollution. The foliar application of biostimulants is a
feasible strategy to implement. However, its beneficial impacts depend on multiple aspects,
including the dose and time of application and the crop species. Our studies conclude
that biostimulants can improve the plant biomass, gaseous exchange attributes, root mor-
phology, and chlorophyll contents significantly in turnip. Moreover, its impacts on other
food crops, its doses, and its time of application might differ from our reported results.
Our study confirms that the foliar application of biostimulants can improve turnip crop
physiology and yield and confirms our hypothesis that biostimulants can reduce the use
of chemical fertilizers. The potential benefits of our research state that small-scale farmers
and kitchen gardeners can implement biostimulants and grow turnips with less use of
fertilization. Furthermore, the use of biostimulants in field conditions and their response
on a larger scale needs to be addressed. Its mechanism of action is still a research gap that
scientists can identify with the latest analytical techniques and bioinformatics in the future.
In addition, biostimulants are economical because they improve the yield, whereas our
study lacks sufficient investigation and requires further examination.
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