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Abstract: Zinc is crucial for chlorophyll production, and soil variables affect its availability for plants by regulating its sorption
and desorption, thereby affecting its content. Amino acids are crucial proteins in plants for development, growth, and overall
functioning, acting as stress-response molecules that initiate the production and accumulation of certain amino acids in response
to environmental stresses. The study was designed in CRD-factorial to check the solo and combined application of amino acids (0
ppm, 250 ppm, and 500 ppm) and zinc (0 ppm, 10 ppm, and 15 ppm) on biochemical, growth, and yield attributes of mung bean.
The results showed that total amino acids and phenolics were increased in dose (amino acids 250 + zinc 10) compared to control.
In addition, crop growth rate (CGR) was increased in dose (amino acids 500 + zinc 10) over control. The 100-seed weight was
also increased in dose (amino acids 250 + zinc 10) compared to control. The crop growth and yield rate decreased by increasing
the amino acids and zinc doses. It is suggested to apply the dose (amino acids 250 + zinc 10) for better growth and yield production

of mung bean.
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Introduction

The search for effective and safe natural antioxidants is
concentrated on food plants, especially spices and herbs
(Yanishlieva et al., 2006). Amino acids are essential plant
proteins in development, growth, and overall functioning
(Hildebrandt et al., 2015). They act as stress-response
molecules in plants, initiating the production and build-up
of certain amino acids when faced with environmental
stresses like drought, salinity, or extreme temperatures(Ali
et al., 2019). These amino acids maintain cellular turgor
pressure and water balance, enabling plants to withstand
water scarcity and osmotic stress(Akinct & Losel, 2012).
They also regulate gene expression and signal transduction
pathways, ensuring plant resilience and survival in
challenging environmental conditions(Ali et al., 2019).
Zinc is required for the carbonic enzyme that produces
chlorophyll (Tavallali et al., 2009). Soil variables influence
zinc availability for developing plants by regulating the
sorption and desorption of zinc in the soil solution, affecting
the zinc content (Alloway, 2009). Higher zinc content seeds
serve several purposes during germination and the initial
phases of establishment (Ozturk et al., 2006).
Supplementing maize with zinc increases its photosynthetic
rate, chlorophyll production, nitrogen metabolism, and
resilience to biotic and abiotic challenges (Saboor et al.,
2021).

Mungbean, known as Vigna radiata (L.), is a crucial grain
legume crop in Asian agriculture, providing significant
digestible protein to cereal-based diets (Pratap et al., 2021).
In many industrialized and emerging nations, mungbean
sprouts are often eaten as a salad vegetable (R. Nair &
Schreinemachers, 2020). Mungbean yields remain modest
despite significant advances in yield, which has limited its
widespread usage as a substitute pulse crop in Asian
agricultural practices (R. M. Nair et al., 2019). Apart from
the abiotic restraints brought about by heat stress, drought,
and soil adaptation, Insect pests and foliar diseases on farms
and after harvest are the main causes of mung bean’s
productivity limitations (Pratap et al., 2019).

The primary usage of mungbean is as dried seed; however,
it is also infrequently used as green pods and vegetable
seeds (Mehandi et al., 2019). Mungbean has 24 to 28%
protein, 1 to 1.5% fat, 3.6 to 4.5% fiber, 4.4 to 5.5% ash,
and 60-65% carbohydrates by dry weight (HOSSEN,
2016). The amino acids cystine and methionine are low in
sulfur in the seed protein, but lysine is abundant. In addition,
the seeds are high in potassium, iron, phosphorus, calcium,
and ascorbic acid (vitamin A) but low in salt. In general,
mungbean is a great addition to diets centered on cereal,
especially in Asia, where it is used in various ways (R. M.
Nair et al., 2013). Can eat dried seeds whole or split, boil
them, ferment them, or grind them into flour to use in soups,

[Citation: Magsood, Z., Zaffar, M., Akbar, H., Humaiyon, M., Asad, M., Ali, S., Munir, A., Irfan, M., Nawaz, A., Hassan, W.
(2023). Optimizing mungbean yield and nutritional quality: the synergistic impact of zinc-enriched soil application and
amino acid foliar boost. Biol. Clin. Sci. Res. J., 2023: 616. doi: https://doi.org/10.54112/bcsrj.v2023i1.616]

1

OPEN
ACCESS

f.)

Check for
up


http://www.bcsrj.com/
https://doi.org/10.54112/bcsrj.v2023i1.616
https://doi.org/10.54112/bcsrj.v2023i1.616
https://doi.org/10.54112/bcsrj.v2023i1.616
file:///C:/Users/Hp/OneDrive/Desktop/papaer%20petr/uzma.qaiswarraich@gmail.com
https://doi.org/10.54112/bcsrj.v2023i1.616

Biol. Clin. Sci. Res. J., Volume, 2023: 616

Magsood et al., (2023)

curries, cereals, desserts, and drinks that contain alcohol. In
European traditions, beans are widely used as a fresh salad
vegetable and are well-known for sprouting (Pasqualone et
al., 2020).

Zinc and amino acids are necessary for mung bean to be
resilient and survive in harsh environmental circumstances
(Ahmed et al., 2023; Dev et al., 2023). Stress causes the
production of important proteins called amino acids, which
act as osmoprotectants to preserve the water balance and
turgor pressure of cells (Majumder et al., 2010). Superoxide
dismutase and peroxidase are examples of antioxidant
enzymes that are activated by zinc, a micronutrient that
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cofactors for enzymes involved in stress response pathways
(Marreiro et al., 2017). These enzymes help mung bean’s
stress tolerance by neutralizing reactive oxygen species
(ROS) produced under stressful conditions. Zinc and amino
acids promote long-term development and efficiency (Ali et
al., 2019; Umair Hassan et al., 2020). This study was
conducted to check the roles of amino acids and zinc on
various biochemical activities, growth, and yield aspects of
mung bean. We hypothesized that the combined application
of amino acids and zinc could boost mung bean's
biochemical activities, growth, and yield, Figure 1.

Morphological

Aspects Yield Aspects

Figure 1. The combined effect of Zinc and Amino Acids on biochemical, morphological, and yield aspects of Mung bean

Methodology

This experiment was conducted in the greenhouse of Ayub
Agricultural Research Institute in Faisalabad, Pakistan, in
2022. Soil samples ranging in depth from 0 to 15 cm were
collected randomly, and a composite soil specimen was
produced. = The  resulting  specimens  underwent
physiochemical tests using standard procedures. The
experimental soil's chemical and physical characteristics are
displayed in Table 1, indicating that it is a sandy clay loam

Table 1. Soil physiochemical analysis of the experimental site.

with a textured class. The mungbean seeds @ 10 seeds per
pot were sowed in the pot's 22 x 20 cm soil. The research
was set out in a CRD with four replications and two-
component factorial designs. All agronomic operations
were performed consistently and equally throughout the
trial period in all treatments. The zinc was applied in the soil
in the solution form at the seedling emergence, and amino
acids were foliar applied at the pod setting stage, as shown
in Table 2.

Soil Texture

Sandy clay loam

pH 7.7

Ec 0.26
P (ppm) 11.7
K (ppm) 144
QOrganic matter (%) 0.67
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Table 2. Doses of desired treatment (ppm) for soil and foliar application

Amino acids Zinc
0 0
250 0
500 0

0 10

0 15
250 10
250 15
500 10
500 15

Data Collection

Height of plant (cm)

Following harvesting, 5 randomly chosen plants from each
pot were measured for height.

Rate of crop growth (CGR)

The plants were picked between 130 and 140 DAS and oven
dried to get a consistent dry weight. During this time, the
CGR values were determined using the following formula:
(W2 — W1) / (T2-T1) is the CGR. W1 = initial sampling
weight after oven drying W2 is weight dried in the oven at
the second sampling T1 is the initial sample time. T2 is the
second sample time (Kataoka et al., 2003).

Content of chlorophyll in leaves (mg g-1)

Using the approach of (Palta, 1990), the chlorophyll content
of leaves at 50% blooming was detected.

Pods per plant

One out of five randomly chosen plants, the number of pods
plant? was counted from each pot, and the average was
computed.

Weight (g) of 100 seeds

After manually removing 1000 seeds from each treatment,
the weight of 100 seeds was determined.

Biological Yield (kg hat)

After harvesting, the weight of the entire plant—excluding
the roots—was determined. It was stated in kg. The data was
then converted to kg ha.

Seed yield (kg ha)

The weight of the clean seed for pot! was presented in
grams. The data was then transformed to kg ha.

Biochemical analysis

The total free amino acid approach described by (Moerdijk-
Poortvliet et al., 2022) was employed to calculate the total
free amino acids. After 60 days, fresh leaves were
homogenized in citrate buffer and centrifuged. The
extraction samples were treated with a ninhydrin solution,
and optical density at 570 nm was measured. The total
phenolic content was calculated using the Julkenen-Titto
(2985) technique described by (Ashraf et al., 2010).
Analytical statistics

The computer program Statistix 8.1 was utilized to study
variamce by using 2-way Anova. The 0.05 probability
threshold was utilized to distinguish between treatment
differences using the (HSD) (Lee & Lee, 2018).

Results

Plant height (cm)

The data analysis outcomes demonstrated that the use of
zinc, amino acid supplementation, and their combination
significantly affected the height of the plant; however, the
variation among treatments was non-significant (Table 8).
The administration of 250 ppm of amino acids resulted in
the maximum plant height of 49.28cm, followed by 500
ppm at 48.64cm. In contrast, the mungbean plant height was
reduced because of greater amino acid dosages and the
control. Applying 10 ppm of zinc resulted in the maximum
plant height (55.62cm) while applying zinc at a rate of 0
ppm produced the most diminutive plant height (42.33 cm).

Table 3. Mung bean plant height (cm) as influenced by zinc and amino acid levels

Amino acids Zinc

0 10 15 Mean
0 41.33p 54.340 49.45q 48.37m
250 43.64q 55.78n 48.34qr 49.28m
500 42.33qr 56.74n 46.86q 48.64m
Mean 42.331 55.62k 48.21m

Crop growth rate (CGR)

Results from the crop growth rate analysis of variance
showed that zinc, amino acids, and their interactions
generated significant developments (Table 4). Applying
zinc @ 10ppm resulted in the maximum crop growth rate
(17.71), whereas the absence of zinc led to the lowest crop
growth rate. Regarding the physical administration of amino
acids, crop growth was at its highest level when 500 ppm of
amino acids were administered. This was followed by 250

ppm of amino acids. The mungbean crop grew at the lowest
rate when a control group was used.

Chlorophyll content

The treatment of zinc and amino acids and their
combination had a noteworthy impact on the mungbean
crop, as shown in Table 5. The variation among treatments
is statistically significant, as shown in Table 8. The highest
amount of chlorophyll detected was 45.05 with 250 ppm
amino acids, while the control group showed the least
chlorophyll. When zinc was applied, the plots with the
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highest chlorophyll content (46.99) were those where the
zinc was applied @ 10ppm; the plots with the lowest
chlorophyll were those without zinc. These findings were

statistically equivalent. Regarding the interaction, zinc at 10
ppm and amino acids at 250 ppm showed the maximum
chlorophyll concentration (48.6).

Table 4. Mung bean crop growth rate (%) as influenced by zinc and amino acid levels

Amino acids Zinc
0 10 15 Mean
0 16.26 h 16.36h 16.53h 16.38h
250 17.4hi 17.73i 17.86ij 17.66i
500 17.73i 19.061 17.5h 18.09k
Mean 17.13j 17.71k 17.29j
Table 5. Mung bean's chlorophyll content is influenced by zinc and amino acid levels
Amino acids Zinc
0 10 15 Mean
0 38.98m 45.670 41.37n 42n
250 42.56n 48.65q 43.95p 45.050
500 41.33n 46.67r 42.21n 43.40n
Mean 40.95m 46.99r 42.51n

100-seed weight (g)

The examination of variation for the weight (g) of 100 seeds
revealed that the mung beans' 100-seed weight was
considerably impacted by the treatment of zinc, amino
acids, and both (Table 6). Notably, the solo effects of both
treatments were non-significant, while their interactions
were significant, as shown in Table 8. The most excellent

seed weight of 6.15g was produced by zinc treatment at a
rate of 10ppm; the control produced the minimum seed
weight of 5.55g. Regarding applying amino acids, the
highest seed weight (5.85 g) was observed when applying
250 ppm of amino acids. Pots without adding zinc and
amino acids (control) had the lowest 100 seed weight (5.75
g) concerning the interaction.

Table 6. Mung beans 100-seed weight (g) as influenced by zinc and amino acids levels

Amino acids Zinc levels

0 10 15 Mean
0 5.46¢ 6.01f 5.78d 5.75d
250 5.65cd 6.12f 5.80d 5.85e
500 5.54¢ 6.32g 5.63cd 5.83e
Mean 5.55¢ 6.15f 5.73d

Biological yield (kg hat)

The biological yield analysis of variance results showed that
whereas giving zinc and amino acids alone produced
substantial effects, combining them did not show such
results, table 7. Interestingly, the solo and combined effects
are statistically significant, as shown in Table 8. The highest

biological output (1840.66) was achieved by administering
zinc @ 10ppm. The lowest biological yield (1498.33) was
noted without zinc. Pots sprayed with @250ppm of amino
acids had the highest biological output (1721.33) of the
mung bean crop, whereas the @15 ppm had the lowest
biological yield (1664.33).

Table 7. Mung bean’s biological yield (kg ha') as influenced by zinc and amino acid levels

Amino acids Zinc

0 10 15 Mean
0 1455l 1823q 1743n 1673.660
250 1543n 1856s 1765p 1721.33q
500 1497m 1843rs 16540p 1664.330p
Mean 1498.33m 1840.66p 17200

Total free amino acids

Figure 2 shows how topically applying zinc and amino acids
to the mungbean plant affects the plant's total free amino
acid content. Statistical analysis showed that administering
zinc, amino acids, and their combination significantly
affected free amino acids. However, the treatment zinc
showed non-significant variation, as shown in Table 8. The
highest recorded total free amino acids (366.2) were found
at 250 ppm, whereas the control sample (267.93) had the
lowest free amino acids. The subsequent values (356.94)
were statistically comparable at 500 ppm. When applying

zinc, the highest total free amino acid content (332.59) was
shown when applying zinc @ 10 ppm. On the other hand,
the total free amino acid concentration was lowest at @15
ppm (328.73). Regarding the relationship, more significant
zinc concentrations were associated with higher total free
amino acid levels and amino acid concentrations of 250 ppm
and 500 ppm; lower dosages of both led to lower total free
amino acid levels. Numerous studies have demonstrated
that foliar administration of amino acids raises the amounts
of antioxidant molecules.
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Figure 2. Effect of solo and combined zinc (Zn) and Amino Acids (AA) on total free amino acids of mungbean. Mean is the
average of three replications + S.E. The -way ANOVA was applied, and alphabet lettering showed significant and non-

significant differences among treatments.

Total phenolic content

Zinc, amino acids, and their combination substantially
impacted the groundnut crop's total phenolic content, as
shown in Figure 3. However, the treatment zinc showed
non-significant variation, as shown in Table 8. The highest

phenolic content (77.56) was detected when zinc was
supplied at 10 ppm; the lowest phenolic content (75.14) was
seen at 15 ppm. Adding amino acids produced a maximum
concentration of 82.99 at 250 ppm for total phenolic
content. Regarding the interaction, applying amino acids at
250 ppm and zinc at 10 ppm produced the highest total
phenolic content (88.33).
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Figure 3. Effect of solo and combined zinc (Zn) and Amino Acids (AA) on total phenolics (TPC) of mungbean. Mean is the
average of three replications + S.E. The two-way ANOVA was applied, and alphabet lettering showed significant and non-

significant differences among treatments.

Table 8. Two-way ANOVA values of all parameters as influenced by zinc and amino acids levels in Mungbean

Treatments Plant Crop Chlorophyll 100-Grain  Biological Total Total
Height Growth Weight Yield Free Phenolics
Rate Amino
Acids

Zinc (Zn) * ns * ns * ns ns

Amino Acids ns ns * ns * ** *

(AA)

Zn x AA ns ns * * ** *

** (Highly significant), * (Significant), ns (Non-significant)
Discussion
The plant height of the mungbean crop rapidly declines with

increasing concentrations of amino acids. Likewise, plants
that received less zinc also grew to be shorter. Zinc exhibits

excellent potential in heightening plant growth and building
a crop stand(Cakmak et al., 2010). The increased plant
height may be explained by Zinc's participation in several
vital cellular processes in plants (Gupta et al., 2016). High
Zn levels significantly impact several physiological
processes during seed germination and the early
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development of seedlings (Bhantana et al., 2021). The
munghbean plant grew taller when amino acids were applied.
Our results corroborate those of (El Karamany et al., 2019;
Farhangi-Abriz et al., 2017), who discovered that adding
amino acids increased plant height compared to the control
group.

The mungbean crop's growth rate decreased due to lower
zinc levels. Amino acids strengthened the entire plant,
accelerated the growth of immature plants, improved
resistance to pests and diseases, and increased crop growth
rate(Singh, 2013). The results indicate that the yield was
significantly increased by this foliar spray of amino acids,
even though it was applied in small amounts. Treatments
with zinc increased crop growth rate favorably. The study
found that most treatments of zinc and phosphorus
significantly extended wheat shoots in water culture
compared to the control group (Samreen et al., 2017).
Increased temperature endorsement (Soares et al., 2016)
may be the reason for improved physiological
characteristics brought on by foliar amino acid treatments,
as seen by greater chlorophyll concentration than control
seeds. When amino acid spray was applied to creeping
bentgrass, it reduced chlorophyll degradation. It encouraged
the formation of new cells, which resulted in an increase in
chlorophyll in the leaves. Leaves with low zinc levels
looked light green because less chlorophyll was present. A
zinc deficit was shown to impact chlorophyll synthesis, as
per the observations of (Roosta et al., 2018). Zinc, a crucial
protein and enzyme component and co-factor for pigment
biosynthesis, increases chlorophyll concentration (Umair
Hassan et al., 2020).

The photosynthetic efficiency may have increased (Wei et
al., 2022) due to increased enzymatic activity induced by the
zinc treatment, which would have caused a thousand grains
to weigh more. These findings correspond with (Liu et al.,
2019). The study indicates that frequent application of
amino acids during the vegetative stage of black cumin
seeds can increase their weight per 100 seeds. Some
specialists suggest that the extract's zeatin, a hormone linked
to cytokinin, is responsible for the increased growth and
output (Roberts, 2012; Torrey, 1976).

Hormones may encourage cell and tissue growth,
development, and differentiation in plants, which might
account for this. These outcomes are consistent with those
of (Teixeira et al., 2018), who discovered that applying
amino acids topically increased crop growth metrics. The
application of zinc resulted in increased biological
production and chlorophyll pigment concentrations.
According to (Yilmaz et al., 1997), applying zinc increased
grain production, consistent with our findings (Table 6).
Improved soil microclimate and enhanced photosynthetic
activity are responsible for yield enhancement by applying
zinc and amino acids (Morales et al., 2020). Foliar treatment
of it yielded very substantial positive results for amino acid
performance. The study found that amino acids were
effective as growth bio-stimulants for the mungbean crop
when administered at different intervals. Amino acids
increase plant metabolism, aiding the growth of groundnut
plants. These elements have increased dry matter
accumulation, cell division, and elongation in plants,
enabling them to overcome developmental obstacles and
enhance growth characteristics(Ahanger et al., 2016).

The higher total phenolic content in mungbean leaves could
be attributed to the higher phenolic concentration in plants
treated with amino acids. Additionally, it may be possible
that the increased internal phenolic content of mungbean
leaves resulted from amino acids having a direct or indirect
impact on metabolic processes (Mahmood et al., 2022).
Because of these characteristics, amino acids can act as
natural antioxidants and growth promoters (Omar et al.,
2020). Our findings corroborate those of (Sreelatha and
Padma, 2009), who found that total phenolic content was
increased by amino acid treatment at critical phases. The
nitrogen metabolism of maize plants is impacted by zinc
deficiency (Al-Zahrani et al., 2021), and a noteworthy
increase in phenolic content following zinc treatment was
also documented. Zinc is a structural and catalytic
component necessary for average growth and development
(Table 9) (Maret & Li, 2009).

Conclusion

This study suggests that applying amino acids topically and
zinc increased seed output. To maximize the output of the
mungbean crop, a larger dosage of zinc, 15 ppm, and 200
ppm of amino acids, is advised. Given that the crop is suited
for Faisalabad, it is necessary to assess several mungbean
types in diverse farming environments throughout Punjab
and Khyber Pakhtunkhwa. Future research may examine
more significant dosages of zinc and more amino acid
concentrations to get the best possible outcomes.
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