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Abstract

Mungbean (Vigna radiata), an important pulse crop for nutritional security in India, often exhibits low productivity due to poor soil
fertility and imbalanced nutrient management. A field experiment was conducted during the zaid season of 2024 at the Students
Instructional Farm, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, to evaluate the effect of foliar nutrition
and nano-fertilisers on growth, yield and protein content. The experiment was laid out in a randomised block design with
8 treatments and 3 replications. Plant population remained non-significant across treatments, with the maximum values being
recorded under the treatment comprising 75 % Nitrogen, phosphorus and potassium (NPK) + nano urea at 25 days after sowing
(DAS) + nano diammonium phosphate (DAP) at 40 DAS (22.89 plants m™ at 30 DAS and 22.52 plants m? at harvest). Growth
parameters were significantly improved under the treatment involving 75 % NPK + nano urea at 25 DAS + nano DAP at 40 DAS, which
recorded the highest plant height (49.87 cm), number of branches per plant (5.84), dry matter accumulation (14.62 g plant?),
number of root nodules (18.76 plant?) and nodule dry weight (0.42 g plant?). Yield attributes were also maximised, including the
number of pods per plant (14.58), seeds per pod (8.94), pod length (6.49 cm), seed weight per plant (3.98 g) and pod weight per plant
(5.24 g), while test weight was non-significant but highest (41.17 g) under the treatment, comprising 75 % NPK + nano urea at 25 DAS
+nano DAP at 40 DAS. Consequently, the same treatment produced the highest biological yield (1877.21 kg ha), seed yield (713.14
kg hal), protein content (24.07 %) and protein yield (204.51 kg ha?). These findings suggest that integrating 75 % of the
recommended NPK dose with the foliar application of nano urea and nano DAP enhances nutrient use efficiency, improves growth
and yield attributes and offers a sustainable strategy for increasing mungbean productivity and quality.
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Introduction

Pulses, a crucial member of the legume family, provide essential
nutrition for billions of people globally (1, 2). Pulses are a
fundamental protein-rich food staple for India's vegetarian and rural
communities, ensuring nutritional security. These edible legumes
offer a unique combination of lysine-rich, high-protein, low-fat and
high-fibre content, making them an increasingly preferred choice
over non-vegetarian options. As the world's largest producer,
processor and consumer of pulses, India remains significant
contributor to the global pulse market (3). The states of Rajasthan,
Maharashtra and Karnataka are the top mungbean producing states
according to the Indian Ministry of Agriculture. Pulses contribute
approximately 14 % of the total protein in the average Indian diet,
serving as a primary source of dietary protein, particularly for the
poorest segments of the population. Mungbean (Vigna radiata) is a
prominent food legume in India that thrives in arid and semi-arid
regions. It ranks third among pulse crops, after chickpea and
pigeonpea and ahead of other pulses grown in India (3). Mungbean
or green gram belongs to the family Fabaceae (Leguminosae). Itis a
self-pollinated, short-duration crop that exhibits tolerance to
drought and flourishes in well-drained loamy to sandy loam soils,
making itideal for areas with unpredictable rainfall (4, 5).

India’s agricultural system is highly dependent on imported
fertilisers, which have resulted in increasing input costs, especially
with the gradual reduction in government subsidies (6, 7). Fertilisers
contribute significantly accounting for approximately 3540 % of
agricultural productivity by directly influencing plant growth and
development. However, the excessive and imbalanced use of
inorganic fertilisers has led to serious concerns, including soil
degradation, declining soil fertility, reduced factor productivity and
adverse effects on human health (8). These challenges emphasise
the urgent need to adopt balanced and sustainable nutrient
management practices, along with the exploration of eco-friendly
alternatives to ensure long-term productivity and environmental
sustainability.

Green gram or mungbean productivity in India has
remained low and stagnant in recent years, primarily because it is
cultivated on marginal and sub-marginal lands with poor soil fertility.
Inadequate and improper fertilisation practices further limit its yield
potential (3). Foliar nutrition is an efficient approach for supplying
essential nutrients directly to plants during critical growth stages. It
enables the rapid absorption of nutrients such as nitrogen,
phosphorus, potassium (NPK) and micronutrients through the leaf
surface, bypassing soil-related limitations like poor moisture
availability, temperature fluctuations and nutrient imbalances. Foliar
feeding ensures the rapid correction of deficiencies, enhances plant
health, maintains nutrient balance and improves yield potential
while minimising nutrient losses. Common foliar fertilisers include
urea (2 %), containing 46 % nitrogen and diammonium phosphate
(DAP) (2 %), which supplies both nitrogen (18 %) and phosphorus
(46 % P,0;). These are typically applied as dilute solutions for
effective nutrient delivery.

In addition to conventional foliar feeding, nanotechnology
offers promising solutions for modern agriculture. Nano-fertilisers
are developed by encapsulating nutrients within nanoscale
materials, enabling controlled and slow nutrient release (9). Their
high surface area and small particle size enhance nutrient use
efficiency, reduce nutrient losses and improve plant nutrient uptake.
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These fertilisers are specifically designed to meet crop nutrient
requirements more precisely than conventional fertilisers. Foliar
application of nano-fertilisers has been shown to improve plant
growth parameters, such as plant height, leaf area, chlorophyll
content and dry matter accumulation (10). It also enhances
photosynthesis, the translocation of assimilates and ultimately, crop
yield. Nano-urea, with particle sizes of 20-50 nm, significantly
improves nitrogen use efficiency (over 80 %) compared with
conventional urea. Similarly, nano-DAP provides readily available
nitrogen and phosphorus and enhances seed vigour, chlorophyll
content and photosynthetic efficiency.

Overall, integrating foliar nutrition with nano-fertilisers
presents a sustainable strategy to improve nutrient use efficiency,
reduce environmental impact and enhance productivity in green
gram cultivation.

Materials and Methods
Experimental site

The current study was conducted during the zaid season of the
cropping year 2024 at Student’s Instructional Farm, Department of
Agronomy, Chandra Shekhar Azad University of Agriculture and
Technology, Kanpur, Uttar Pradesh. Kanpur is located between
25°56' and 28°58' N latitude and 79°31' and 80°34' E longitude, with a
mean sea level of 125.9 m. The city lies in India's upper Indo-Gangetic
plain region, located in the Central Plain Zone of Uttar Pradesh, on
the right bank of the Ganga River.

Soil characteristics

The physico-chemical properties of the experimental soil were
analysed using standard procedures. The soil was classified as sandy
loam based on the triangular method of soil textural classification.
The soil pH was 7.5, determined using a glass electrode pH meter (11),
indicating a neutral to slightly alkaline reaction. Electrical conductivity
(EC) was 0.33 deciSiemens per metre (dS m), measured as per
United States Department of Agriculture (USDA) Handbook No. 60
(12), suggesting that the soil is non-saline. The organic carbon content
was 042 %, estimated by the Walkley and Black method (13),
indicating a low organic matter status. The available nitrogen content
was 18120 kg ha', determined by the alkaline potassium
permanganate method (14), which falls within the low category. The
available phosphorus content was 16.00 kg ha?, analysed using
Olsen’s method (15), indicating medium availability. The available
potassium content was 149.30 kg ha?, determined by the modified
sodium tetraphenylboron method (16) and was categorised as
medium.

Experimental design and treatment details

The experiment was conducted in a randomised block design (RBD)
with 3 replications. Eight treatments were included in the study and
their details are as follows: T;: control; T,: 100 % NPK (20 kg N +40 kg
P +20 kg K); T,: 75 % NPK + foliar spray of nano urea at 25 days after
sowing (DAS); T,: 75 % NPK + foliar spray of nano urea at 25 DAS and
diammonium phosphate (DAP) (2 %) at 25 DAS; Ts: 75 % NPK + foliar
spray of nano urea at 25 DAS and nano DAP at 40 DAS; T: 75 % NPK +
foliar spray of nano DAP at 25 DAS; T;: 75 % NPK + foliar spray of DAP
(2%) at 40 DAS and Tg: 75 % NPK +foliar spray of urea (2 %) and DAP
(2%) at 40 DAS.

Fertiliser application

https://plantsciencetoday.online


https://plantsciencetoday.online

Treatments receiving 100 % NPK were supplied with 20 kg N, 40 kg P
and 20 kg K ha’, while treatments under 75 % NPK received
proportionately reduced quantities of these nutrients. Foliar
application of nutrients was carried out as per the treatment details
using a knapsack sprayer. Nano urea, nano DAP, urea (2 %) and DAP
(2 %) solutions were sprayed at the specified growth stages, i.e. 25
and/or 40 DAS, depending on the treatment. Care was taken to
ensure uniform spray coverage of the crop canopy during
application.

Grain protein content (%)

The study used Kjeldahl's method to determine the nitrogen content
in green gram seeds and the grain protein content was then
calculated using the following formula (FAQ):

Grain protein content (%) = Nitrogen content in grains (%) x 6.25
Protein yield

Protein yield was determined by calculating the product of seed
yield and protein content and then dividing by 100. This calculation
provides a measure of the total protein produced per unit area.

Seed yield x Protein content (%)

Protein yield =
100

Statistical analysis

The data were statistically analysed using the OPSTAT web server.
Statistical significance was tested at the 5% (p =0.05) level.

Results and Discussion
Growth parameters

The observations on plant population indicated non-significant
variation among the treatments at different growth stages (Table 1).
At 30 DAS, the highest plant population was recorded under 75 %
NPK + foliar spray of nano urea at 25 DAS along with nano DAP at 40
DAS (22.89 plants m?), closely followed by 75 % NPK + foliar spray of
nano urea at 25 DAS and DAP (2 %) at 25 DAS (22.86 plants m?). At
harvest, a similar trend was observed, with values of 22.52 and 22.37
plants m?, respectively, whereas the lowest population occurred
under control (Fig. 1). The non-significant differences suggest that
the plant stand was mainly governed by initial germination and
establishment rather than by nutrient treatments, which is in
agreement with earlier findings (17, 18).

Plant height was significantly influenced by nutrient
management practices (Table 1, Fig. 2). The tallest plants were
recorded with 75 % NPK + foliar spray of nano urea at 25 DAS and
nano DAP at 40 DAS, followed by 75 % NPK + foliar spray of nano
urea at 25 DAS and DAP (2 %) at 25 DAS. Enhanced plant height
under these treatments may be attributed to better nitrogen
availability and improved nutrient uptake efficiency, leading to
increased cell elongation and vegetative growth (19, 20). The lowest
plant height was observed under the control due to nutrient
deficiency.

The number of branches per plant showed a significant
response to the treatments (Table 1, Fig. 3). The highest number of
branches per plant was observed with 75 % NPK + foliar spray of
nano urea at 25 DAS and nano DAP at 40 DAS, followed by 75 % NPK
+ foliar spray of nano urea at 25 DAS and DAP (2 %) at 25 DAS.
Increased branching might be due to improved nitrogen and

Plant Science Today, ISSN 2348-1900 (online)

Table 1. Effect of treatments on plant population, plant height, number of branches per plant, dry weight, number of root nodules per plant per plant and dry weight of root nodules per plant

Dry weight of root nodules per
plant (g)

Number of branches per pant Dry weight (g) Number of :::;:lodules per

Plant height (cm)

Plant population(m?)

Treatment

60 DAS Atharvest 30DAS 60DAS At harvest

At harvest 30DAS 60DAS Atharvest 30 DAS

60 DAS

60 DAS At harvest 30DAS

30DAS Atharvest 30DAS

8.46

22.05 14.67 34.12 35.23 2.03 3.29 3.42 2.18 10.02 10.46 11.05 18.87 9.47 757 11.82

22.57

-

14.98 35.24 36.68 2.24 3.56 391 2.29 10.33 10.74 11.96 21.23 10.25 7.89 12.56 9.45

22.09

22.63

T2

22.03 12.08 8.29 13.02 10.27

12.5

22.21 15.22 37.37 38.09 2.68 431 4.43 2.37 10.71 11.13

22.78

Ts

22.37 15.37 37.95 38.64 2.84 4.52 4.69 241 10.92 11.29 12.72 22.46 12.41 8.35 13.29 10.56

22.86

Ta

22.52 15.63 39.26 40.59 293 477 4.87 2.47 11.14 11.52 12.98 22.82 12.65 8.53 13.42 11.01

22.89

Ts

21.81 11.64 8.06 12.85 10.08

12.41

22.18 15.14 36.53 37.84 2.47 4.18 431 2.35 10.63 11.05

22.75

Te

10.03
10.49
0.133

12.71

8.02

11.37

1
0.130

21.55
22.17

12.19
12.56
0.154

10.91

10.56
10.78
0.192

2.32
241
0.037

4.09
4.56
0.036

3.86
4.39
0.073

2.34

2.77
0.038

37.16

35.78

15.05
15.29
0.203

22.13

22.69

22.81
0.401

Tz

13.18
0.209

8.29
0.125

2.2

11.17
0.164

38.37

37.45

22.29

Ts

0.355

0.428

0.514

0.394

SE(m#)

NS NS 1.559 1.297 0.114 0.224 0.112 0.114 0.584 0.497 0.465 1.076 0.396 0.380 0.634 0.403

NS

CD(5%)

DAS: days after sowing; CD: critical difference; NS: non-significant.
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phosphorus nutrition, which enhances meristematic activity and
lateral growth (21,22).

Dry matter accumulation per plant increased significantly
with improved nutrient supply (Table 1, Fig. 4). The maximum dry
weight was recorded under 75 % NPK + foliar spray of nano urea at
25 DAS and nano DAP at 40 DAS, followed by the combined
application of nano urea and DAP spray at 25 DAS. Higher dry matter
production could be due to increased photosynthetic activity and
better translocation of assimilates under balanced fertilisation
(23,24).

The number of root nodules per plant was also significantly
affected (Table 1, Fig. 5). The highest nodulation was recorded with
75 % NPK + foliar spray of nano urea at 25 DAS and nano DAP at 40
DAS, followed by 75 % NPK + foliar spray of nano urea at 25 DAS and
DAP (2 %) at 25 DAS. Improved nodulation may be due to enhanced
phosphorus availability and better root development, which favours
symbiotic activity (18, 25).

The dry weight of root nodules per plant followed a trend
similar to that of nodulation (Table 1, Fig. 6). The highest value was

recorded under 75 % NPK + foliar spray of nano urea at 25 DAS and
nano DAP at 40 DAS, followed by 75 % NPK + foliar spray of nano
urea at 25 DAS and DAP (2 %) at 25 DAS. Increased nodule biomass
indicates higher nitrogen fixation efficiency, which ultimately
supports plant growth (22, 26).

Yield attributes

The number of pods per plant varied significantly among the
treatments (Table 2, Fig. 7). The maximum number of pods per plant
(14.58) was recorded under 75 % NPK + foliar spray of nano urea at
25 DAS and Nano DAP at 40 DAS, followed by 75 % NPK +foliar spray
of nano urea at 25 DAS and DAP (2 %) at 25 DAS (14.15), whereas the
minimum was observed under the control (11.72). Increased pod
formation may be attributed to better nutrient availability during the
reproductive stages (27, 28).

The number of seeds per pod showed a similar trend (Fig. 8),
with the highest value recorded under 75 % NPK + foliar spray of
nano urea at 25 DAS and nano DAP at 40 DAS (8.94), followed by 75
9% NPK + foliar spray of nano urea at 25 DAS and DAP (2 %) at 25 DAS
(8.62). Improved seed set may be due to better nutrient

Diry Weight (g)

Dry Weight (g) al Harvest Stage (X Chart)

Treatmanis

== Traatmant Mean
=== Owvarall Mean

LL; Té Tr T8

Fig. 4. Dry weight at harvest (g).
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Fig. 5. Root nodules per plant at harvest.
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Table 2. Effect of treatments on number of pods plant?, weight of pod plant?(g), pod length (cm), number of seeds pod-1, weight of seeds

plant? (g), test weight (g) at harvest

Weight of

Weight of

ot anes et pad? PO soodplant:  podplane: TeHeTE
Control 11.72 7.52 5.74 2.73 3.57 40.16
100 % NPK (20kg N + 40 kg P + 20 kg K) 12.97 7.89 5.86 2.95 3.89 40.28
75 % NPK + Foliar spray nano urea at 25 DAS 13.86 8.37 6.15 3.43 441 40.56
;g gOAI\SIPK+ Foliar spray nano urea at 25 DAS and DAP (2 %) at 14.15 8.62 6.36 361 475 20.73
Zg (I)D/OA'\SIPK+ Foliar spray nano urea at 25 DAS and nano DAP at 14.58 8.94 6.49 3.98 524 41.17
75 % NPK + Foliar spray nano DAP at 25 DAS 13.67 8.26 6.07 3.26 4.28 40.39
75 % NPK + Foliar spray DAP (2 %) at 40 DAS 13.53 8.04 5.93 3.12 4.15 40.32
Zg g?’\'\SIPK +Foliar spray urea (2 %) at 40 DAS and DAP (2 %) at 14.09 8.52 6.25 357 463 20.64
SE(m+) 0.179 0.115 0.834 0.579 0.087 0.624
CDat5% 0.545 0.348 0.253 0.176 0.264 NS
NPK: nitrogen, phosphorus and potassium; DAS: days after sowing; NS: non-significant.
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Fig. 7. Number of pods per plant.
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translocation and enhanced reproductive efficiency (21, 29).

The pod length was significantly influenced, with the highest
value observed under 75 % NPK + foliar spray of nano urea at 25 DAS
and nano DAP at 40 DAS (6.49 cm), followed by 75 % NPK + foliar
spray of nano urea at 25 DAS and DAP (2 %) at 25 DAS (6.36 cm)
(Fig. 9). Adequate phosphorus and nitrogen supply likely enhanced
cell division and elongation in the pods (20, 23).

The weight of seeds per plant (Fig. 10) was highest under
75 % NPK + foliar spray of nano urea at 25 DAS and nano DAP at
40 DAS (3.98 g), followed by 75 % NPK + foliar spray of nano urea at
25 DAS and DAP (2 %) at 25 DAS (3.61 g), while the lowest was
recorded under the control (2.73 g). This increase may be due to
improved assimilate partitioning towards the seeds (30, 31).

The weight of pods per plant (Fig. 11) was also highest under
75 % NPK + foliar spray of nano urea at 25 DAS and nano DAP at
40 DAS (5.24 g), followed by 75 % NPK + foliar spray of nano urea at
25 DAS and DAP (2 %) at 25 DAS (4.75 g). Better nutrient supply
during pod development likely enhanced podfilling (32, 33).

The differences in test weight were non-significant (Fig. 12);
however, the highest value was recorded under 75 % NPK + foliar
spray of nano urea at 25 DAS and nano DAP at 40 DAS (41.17 g),
followed by 75 % NPK + foliar spray of nano urea at 25 DAS and DAP
(2 %) at 25 DAS (40.73 g), which is consistent with findings reported
earlier (34, 35).

Yield

Biological yield (Table 3, Fig. 13) was significantly higher under 75 %
NPK + foliar spray of nano urea at 25 DAS and nano DAP at 40 DAS
(1877.21 kg ha), followed by 75 % NPK + foliar spray of nano urea at
25DAS and DAP (2 %) at 25 DAS (1851.66 kg ha'), whereas the lowest
was recorded under the control (1431.78 kg ha?). Increased biomass
production is attributed to improved nutrient uptake and enhanced
photosynthesis (24, 36).

Seed yield (Table 3, Fig. 14) was highest under 75 % NPK +
foliar spray of nano urea at 25 DAS and nano DAP at 40 DAS (713.14
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Table 3. Effect of treatments on biological yield (kg ha?), seed yield (kg ha), stover yield (kg ha), harvest index ( % ) at harvest

Treatments Biol(T(ggi;:l_ly)ield S(ekegd Iﬂil)d Gcr:;rtnemrto(t;:)n Prt()ﬁ;i:‘l g{i;eld
Control 1431.78 481.24 22.35 145.37
100 % NPK (20kg N + 40 kg P + 20 kg K) 1536.16 568.18 22.64 157.25
75 % NPK + Foliar spray nano urea at 25 DAS 1732.25 647.19 23.25 182.84
75 % NPK + Foliar spray nano urea at 25 DAS and DAP (2 %) at 25 DAS 1851.66 689.43 23.73 196.48
75 % NPK + Foliar spray nano urea at 25 DAS and nano DAP at 40 DAS 1877.21 713.14 24.07 204.51
75 % NPK + Foliar spray nano DAP at 25 DAS 1681.82 627.21 23.11 175.13
75 % NPK + Foliar spray DAP (2 %) at 40 DAS 1604.41 595.13 22.75 166.92
75 % NPK + Foliar spray urea (2 %) at 40 DAS and DAP (2 %) at 40 DAS 1801.57 674.92 23.48 187.29
SE(mz) 15.784 10.207 0.302 2,151
CDat5% 47.875 30.959 0.915 6.526

Treatrrail Rsaan

-

= Dwarall Maan

I &m
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Fig. 13. Biological yield (kg ha™).
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Fig. 14. Seed yield (kg ha?).
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kg ha?), followed by 75 % NPK + foliar spray of nano urea at 25 DAS
and DAP (2 %) at 25 DAS (689.43 kg ha*). The enhanced yield may be
due toimproved growth and yield attributes (37, 38).

Grain protein content (Fig. 15) was highest under 75 % NPK +
foliar spray of nano urea at 25 DAS and nano DAP at 40 DAS (24.07
%), followed by 75 % NPK + foliar spray of nano urea at 25 DAS and
DAP (2 %) at 25 DAS (23.73 %). Improved nitrogen availability likely
enhanced protein synthesis (19, 39).

Protein yield (Fig. 16) was also highest under 75 % NPK +
foliar spray of nano urea at 25 DAS and nano DAP at 40 DAS (204.51
kg ha?), followed by 75 % NPK + foliar spray of nano urea at 25 DAS
and DAP (2 %) at 25 DAS (196.48 kg ha?), which corroborates earlier
reports (40,41).

Conclusion

In terms of practical agricultural application, the results of this study
clearly indicate that reducing basal fertiliser application to 75 % of
the recommended NPK dose, combined with foliar sprays of nano
urea at 25 days after sowing (DAS) and nano diammonium
phosphate (DAP) at 40 DAS, is an efficient and economical practice

10

for mungbean cultivation. This approach improved plant growth,
nodulation and yield attributes and resulted in a higher seed yield
(713.14 kg ha') and protein yield (204.51 kg ha?) compared with
conventional practices. Therefore, adopting this integrated nutrient
management strategy can help farmers achieve higher productivity,
better grain quality and improved profitability while maintaining soil
health and promoting sustainable agriculture
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