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ABSTRACT

A field experiment was conducted during the Kharif season of 2024-25 at the Research

Keywords Farm of Bundelkhand University, Jhansi (Uttar Pradesh), to evaluate the effect of foliar
Boron application of boron (B) and molybdenum (Mo) on growth, yield, and soil health of
Molyl;denum, mungbean (Vigna radiata L.). The experiment was laid out in a randomized block design
Nitrogen Fixation, with nine treatments comprising different concentrations of boron (0, 0.2, and 0.4%) and
Milnghean molybdenum (0, 0.4, and 0.8%) along with recommended dose of fertilizers. The results
Article Info revealed that combined foliar application of boron and molybdenum significantly improved

growth parameters, yield attributes, and seed yield over control. The maximum seed yield
Received: (9.75 g plant™) and improved nodulation were recorded under treatment Ts (B 0.2% + Mo
25 July 31?26 0.4%). Post-harvest soil analysis indicated an increase in available nitrogen and
35613 ted: micronutrient status under combined application. The synergistic effect of boron and

gust 2026 . . X .

Lttt @i molybdenum enhanced nitrogen fixation, nutrient uptake, and overall productivity of
10 September 2026 mungbean. Therefore, foliar application of boron (0.2%) and molybdenum (0.4%) can be

recommended for improvine vield and soil health under Bundelkhand conditions.

fixing crop that plays a vital role in sustainable
agriculture by improving soil fertility (Nair et al., 2013).
India is the largest producer and consumer of pulses, with
mungbean contributing about 16% to total pulse
production (Anonymous, 2023). Despite its importance,

Introduction
Mungbean (Vigna radiata L.), also known as green gram,

is an important kharif pulse crop of India belonging to
the family Leguminaceae. It is a short-duration, nitrogen-
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the average productivity of mungbean in India remains
low due to poor soil fertility, micronutrient deficiencies,
and suboptimal crop management practices (Saini et al.,
2024). Micronutrients such as boron and molybdenum
are essential for normal plant growth, reproductive
development, and biological nitrogen fixation. Boron is
involved in cell wall formation, carbohydrate
translocation, pollen viability, and pod development
(Pandey & Gupta, 2013; Praveena et al., 2018).
Deficiency of boron leads to flower drop and poor seed
set in legumes (Ross et al., 2006; Padbhushan & Kumar,
2014). Molybdenum plays a critical role as a component
of nitrate reductase and nitrogenase enzymes, thereby
enhancing nitrogen metabolism and nodulation in
legumes (Paricha et al, 1979; Yadav et al, 2010).
Several researchers have reported that combined
application of boron and molybdenum significantly
increases growth, yield attributes, and yield of mungbean
compared to their sole application (Patra et al., 2009;
Janaki et al., 2018; Kyaw Ngwe et al., 2022). However,
information on their combined foliar application under
Bundelkhand agro-climatic conditions is limited.
Therefore, the present investigation was undertaken to
study the effect of foliar application of boron and
molybdenum on growth, yield, and soil health of
mungbean. Recent research has highlighted the important
role of micronutrients, particularly boron (B) and
molybdenum (Mo), in improving the growth and
productivity of pulse crops. Boron plays a major role in
cell wall formation, pollen germination, seed setting,
carbohydrate translocation and reproductive growth,
whereas molybdenum is essential for nitrate reductase
activity, nitrogen fixation and protein synthesis in
legumes.

Soil Science studies by Dhaliwal et al., (2023) reported
that biofortification of mungbean with boron, zinc and
iron significantly enhanced grain yield, nutrient
concentration and seed quality. The study also
emphasized the importance of micronutrient management
for sustainable pulse production.

Verma et al., (2024) reported that combined soil and
foliar application of micronutrients significantly
improved mungbean productivity and soil fertility status.
Their findings revealed increased available nitrogen,
phosphorus and micronutrient status after crop harvest.
Mehriya et al., (2024) observed that foliar nutrition
significantly enhanced productivity and profitability of
mungbean under western Rajasthan conditions. The
authors concluded that foliar micronutrient application
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improved nutrient uptake efficiency and economic
returns.

Srivastava et al., (2025) conducted a field experiment on
greengram and reported that foliar application of boron
(1%) along with zinc (1.5%) significantly increased plant
height, nodulation, test weight and seed yield over
control.

Win et al, (2025) studied phosphorus and boron
application in mungbean and found that combined
nutrient application significantly improved yield
attributes and grain yield during both monsoon and pre-
monsoon seasons.

Studies on other legumes also support the beneficial role
of boron and molybdenum. Sreethu and Venugopal
(2025) reported enhanced grain yield and pod weight in
cowpea through foliar application of boron and
molybdenum combined with chitosan application.

Materials and Methods

The field experiment was conducted during the Kharif
season of 2024-25 at the Research Farm of Bundelkhand
University, Jhansi, Uttar Pradesh, India (25°27" N
latitude, 78°35" E longitude, and 390 m above mean sea
level). The region falls under a semi-arid climate with an
average annual rainfall of 500— 700 mm, most of which
is received during July to September. The experimental
soil was sandy loam in texture, slightly alkaline in
reaction (PH 7.43), low in organic carbon (0.24%) and
available nitrogen (139.2 kg ha™), medium in available
phosphorus (18.5 kg ha™) and potassium (216 kg ha™),
and deficient in available boron. Standard analytical
procedures were followed for soil analysis as described
by Jackson (1973), Olsen et al., (1954), and Subbiah and
Asija (1956). The experiment was laid out in a
Randomized Block Design (RBD) with nine treatments
and three replications. The treatments consisted of
different concentrations of boron (0, 0.2, and 0.4%) and
molybdenum (0, 0.4, and 0.8%) applied as foliar sprays
along with the recommended dose of fertilizers (40:60:30
kg N:P,0s5:K»,0 ha™) and farmyard manure (FYM) @ 20
q ha™'.Foliar sprays were applied at 30 and 45 days after
sowing (DAS) using appropriate concentrations of boron
and molybdenum solutions. The mungbean crop (Vigna
radiata L.) was grown following standard agronomic
practices. Observations on growth parameters (plant
height, number of branches, and nodules per plant), yield
attributes (number of pods per plant, seeds per pod, and
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test weight), and yield were recorded at appropriate
growth stages. Post-harvest soil samples were analyzed
for organic carbon, available nitrogen, phosphorus,
potassium, boron, and molybdenum status. The data
obtained were statistically analyzed using analysis of
variance (ANOVA) as described by Gomez and Gomez
(1984), and treatment means were compared at 5% level
of significance.

Results and Discussion

Growth parameters

Foliar application of boron and molybdenum exerted a
significant effect on growth parameters of mungbean
(Table 1). Among the treatments, the combined
application of boron and molybdenum markedly
enhanced plant height, number of branches, number of
leaves, and nodulation compared to control (To). The
highest plant height (52.01 cm at 90 DAS), number of
branches (8.54), number of leaves (26.85), and number of
pods per plant (24.78) were recorded under treatment T's
(B 0.2% + Mo 0.4%), which was significantly superior
over other treatments.

The improvement in growth attributes may be attributed
to the role of boron in cell division, cell elongation, and
carbohydrate translocation, along with the involvement
of molybdenum in nitrogen metabolism and activation of
enzymes responsible for biological nitrogen fixation. The
synergistic effect of these micronutrients enhanced
vegetative growth and nodulation in mungbean. Similar
results have been reported by Janaki et al., (2018), and
Yeswanth Kumar et al., (2023) also reported enhanced
vegetative growth of mungbean under micronutrient
spray treatments. Saini et al, (2024) found that foliar
boron application increased chlorophyll content and
photosynthetic efficiency in mungbean. In chickpea,
Choudhary ef al., (2022) reported higher plant height and
biomass due to  boron-mediated carbohydrate
translocation. Similarly, Meena et al., (2023) observed
improved vegetative growth and root development in
blackgram with molybdenum fertilization.

Yield attributes and yield

Yield attributes and seed yield of mungbean were
significantly influenced by foliar application of boron
and molybdenum (Table 2). The maximum number of
nodules per plant (34.68), fresh weight (122.81 mg) and

dry weight (63.71 mg) of nodules, pod length (8.09 cm),
number of seeds per pod (8.05), and test weight (5.67 g)
were observed under treatment Ts (B 0.2% + Mo 0.4%).

Similarly, the highest seed yield per plant (9.75 g) was
also recorded in Ts, which showed a substantial increase
over control (To: 6.69 g). This represents an increase of
approximately 45.7% over control, indicating the strong
positive effect of combined micronutrient application.

The enhancement in yield attributes and yield may be
due to improved flowering, better pod formation, and
efficient translocation of photosynthates from source to
sink under adequate boron supply, along with enhanced
nitrogen fixation and enzyme activity due to
molybdenum. These findings are in close agreement with
earlier reports of Patra and Bhattacharya (2009),
Bhattacharya et al, (2004), and Kyaw Ngwe et al.,
(2022) also observed improved nodulation and yield
attributes under combined micronutrient application.
Srivastava et al., (2025) recorded increased pod length
and test weight in greengram due to foliar boron spray. In
lentil, Kumar and Singh (2023) reported enhanced
nodulation and seed formation under molybdenum
fertilization. Similar improvements in cowpea were
observed by Sreethu and Venugopal (2025), who found
that boron and molybdenum significantly enhanced pod
weight and reproductive efficiency. who reported
significant yield enhancement in greengram with boron
and molybdenum application. Dhaliwal et al, (2023)
observed improved grain yield and nutrient concentration
in  biofortified mungbean under micronutrient
management. Verma et al, (2024) also reported
increased seed yield and profitability of mungbean due to
combined soil and foliar micronutrient application. In
soybean, Ross ef al., (2006) reported increased seed yield
with boron fertilization due to better flower retention and
seed setting. Similarly, Ali et al, (2023) found that
molybdenum application improved grain yield and
nitrogen uptake in chickpea.

Soil health

Post-harvest soil analysis revealed that foliar application
of boron and molybdenum improved soil health
parameters (Table 3). The highest organic carbon content
(0.54%), available nitrogen (124.45 kg ha™), available
phosphorus (15.63 kg ha™), available boron (1.03 mg
kg™), and available molybdenum (0.84 mg kg') were
recorded under treatment Ts (B 0.2% + Mo 0.4%).
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Table.1 Effect of boron and molybdenum on different growth parameters in mungbean.

Table.2 Effect of boron and molybdenum on different Yield attributes and yield parameters in mungbean.
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Table.3 Effect of boron and molybdenum on different soil health parameters in mungbean.

Treatment Organic Available Available Available

carbon nitrogen Phosphoru boron
(%) (kg/ha) s (kg/ha) (mg/kg‘l)

To NPK + Bo 0.41 117.72 13.66 0.81

(0%) + Mo (0%)

TiNPK + Bo 0.44 118.41 14.85 0.84

(0%) + M1 (0%)

T:NPK + Bo 0.47 119.61 15.29 0.88

(0%) + M2 (0%)

T:NPK + B1 0.48 122.11 14.67 0.90

(0.2%) + Mo

(0.4%)

T4NPK + By 0.53 123.74 14.86 1.02

(0.2%) + M

(0.4%)

TsNPK + B1 0.54 124.45 15.63 1.03

(0.2%) + M2

(0.4%)

TeNPK + B> 0.51 123.51 15.32 0.93

(0.4%) + Mo

(0.8%)

T7NPK + B2 0.52 121.11 14.46 0.94

(0.4%) + M1

(0.8%)

TsNPK + B2 0.52 121.65 15.28 0.95

(0.4%) + M2

(0.8%)

SE m=+ 0.003 0.28 0.17 0.02

CD at 5% 0.01 0.86 0.53 0.06

Cv 1.13 0.40 2.04 391

The improvement in soil nutrient status may be
attributed to enhanced root growth, increased microbial
activity, and better biological nitrogen fixation under
molybdenum application. Additionally, boron played a
role in improving nutrient uptake and translocation,
thereby contributing to residual soil fertility.

Soil physical properties such as bulk density, particle
density, and porosity showed marginal variation among
treatments, indicating that micronutrient application had
limited influence on these parameters over a single
season.

These findings are in conformity with the results
reported by Gupta et al., (2008), and Pazhanisamy et al.,
(2023).

Observed improved residual soil nutrient status under
integrated micronutrient management in pulses. Verma
et al., (2024) also reported increased available nitrogen
and micronutrient content in post-harvest soil of
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Available pH EC BD PD Porosity
molybdenum (dS/m) 3 3 (%)

(mhe1, (@em)  (gem’)
0.78 6.67 0.51 1.32 2.51 46.19
0.78 6.70 0.52 1.33 2.52 47.03
0.80 6.73 0.54 1.34 2.53 48.00
0.81 6.50 0.54 1.35 2.52 46.72
0.82 6.90 0.55 1.36 2.54 47.47
0.84 7.03 0.56 1.37 2.56 49.09
0.83 6.80 0.55 1.35 2.54 47.15
0.82 6.73 0.54 1.35 2.54 46.67
0.82 6.87 0.54 1.36 2.55 46.79
0.003 0.03 0.03 0.002 0.003 0.33
0.009 0.09 0.008 0.007 0.008 0.99
0.62 0.79 0.87 0.290 0.178 1.20

mungbean. In blackgram, Sharma et al., (2022) found
that boron and molybdenum application improved soil
microbial activity and nutrient availability. Similar
results were reported by Meena et al., (2024) in cowpea
under foliar micronutrient treatments.

The present study concluded that foliar application of
boron and molybdenum, particularly in combination,
significantly improved growth, yield attributes, seed
yield, and soil health of mungbean under Bundelkhand
conditions. Integrated use of these micronutrients along
with recommended fertilizers can be an effective
strategy to enhance productivity and sustainability of
mungbean cultivation. The findings are in close
conformity with earlier studies reported by Patra et al.,
(2009), Janaki et al., (2018), and Saini et al., (2024).
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