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Abstract

The present investigation entitled “Influence of Zinc and Iron Application Strategies on Growth, Root
Development and Nodulation of Kharif Mung Bean (Vigna radiata L.)” was conducted during the kharif
season of 2025 at the Crop Research Centre, Sardar Vallabhbhai Patel University of Agriculture and
Technology, Meerut, Uttar Pradesh. The experiment was laid out in a Randomized Block Design with three
replications comprising nine zinc and iron treatments. The experimental soil was sandy loam in texture,
slightly alkaline in reaction, low in organic carbon and available nitrogen, medium in available phosphorus,
potassium, iron and low to medium in available zinc. Mung bean variety ‘Samrat’ (PDM-139) was sown at
a spacing of 30 cm x 10 cm. Among the treatments, foliar application of ZnSOs @ 0.5% + FeSOs @ 0.5%
at pre-flowering and pod initiation stages (T~) proved significantly superior and recorded the highest values
for plant height (47.8 cm), number of branches plant? (6.9), trifoliate leaves planT: (15.6), leaf area index
(4.48), crop growth rate (13.63 g m2 day-1), root length (13.8 cm) and nodules plant* (34.3). The treatment
comprising soil application of ZnSOs @ 25 kg ha™' along with foliar application of FeSOs+ @ 0.5% at pre-
flowering and pod initiation stages (Ts) ranked second for most growth attributes. The lowest values for all
growth parameters were recorded under the control treatment. The results indicate that combined foliar
application of ZnSO+ @ 0.5% + FeSOs @ 0.5% at pre-flowering and pod initiation stages is an effective
strategy for enhancing growth, root development and nodulation of kharif mung bean.

Keywords: Mung bean, zinc, iron, growth parameters, nodulation, foliar application

Introduction

The word ‘pulses’ is derived from a Latin word puls, meaning “thick soup” or “pottage.” pulses
are one of the important food crops globally due to their higher protein content. Pulses are the
major sources of protein in the diet of all categories of people, form an integral part of the Indian
diet; pulses contain 20 to 25% protein by weight which is double the protein content of wheat and
three times that of rice. Mung bean (Vigna radiata L.), often called as green gram, is a vital
leguminous crop cultivated in arid and semiarid region of India. It is a crop with a less growing
season. Mung bean is predominantly a self-pollinated crop. It is cultivated in North India
throughout the kharif and summer seasons. The perfect conditions for its growth include a warm
and humid climate, with temperatures ranging from 25-35 °C and consistent rainfall of 400-550
mm during the growing season. Owing to its short duration, mung bean fits well into multiple
cropping and intercropping systems. Well-drained loamy to sandy loam soils are suitable for mung
bean cultivation (Nair et al., 2018) [7]. It serves as a superb green manure and a cover crop that
prevents wind and water erosion. As a legume, it improves soil health and fixes approximately
30-40 kg N ha™! through symbiotic nitrogen fixation.

Among pulses, green gram ranks third, following chickpea and pigeon pea and occupies nearly
16% of the total pulse area (Kaur and Aulakh et al., 2021) [*2, In India, mung bean occupies 5.8
million ha with a production of 4.2 million tonnes and a productivity of 719 kg ha™' (Department
of Agriculture and Farmer Welfare, 2024) B, In Uttar Pradesh, mung bean occupies 0.094 million
ha with a production of 0.058 million tonnes and a productivity of 618 kg ha™! (Directorate of
Pulse Development, 2024) I8, On a dry-weight basis, mung bean contains protein levels between
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24 to 25%, fat content of 1.0 to 1.5%, fiber ranging from 3.5 to
4.5% and carbohydrates at 60 to 65%. Fe and Zn are found in
green gram in amounts between 4.0-7.6 mg/100 g dry weight and
2.4-3.0 mg/100 g dry weight, respectively (Dahiya et al., 2015)
[, Singh and Behera (2011) ?1 analyzed three lakh soil samples
from India and found that approximately 49% and 12% of soils
were deficient in zinc and iron respectively. Zinc (Zn) is
recognized as the 8th essential micronutrient required for plant
growth, development and reproduction. It acts as a structural,
catalytic and regulatory component of numerous enzymes and
Zn-finger proteins involved in signal transduction and the
transcriptional regulation of deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA). Zinc deficiency disrupts the biosynthesis
of key phytohormones, including auxins, gibberellins and
cytokinins, thereby restricting plant growth and crop development
(Hassan et al., 2020) 1%, Furthermore, Zn plays an important role
in root nodulation and enhances biological nitrogen fixation in
pulse crops through the formation of effective root nodules.
According to Arnon and Stout (1939), iron (Fe) is an essential
micronutrient required for plants and its absence prevents the
completion of the plant life cycle. Iron (Fe) plays an essential role
in plant growth and development, participating in the synthesis of
chlorophyll, thylakoids and the formation of chloroplasts. It plays
an active role in the plants metabolic processes (such as oxidative
photophosphorylation). Dehydrogenase, proteases and peptidase
enzymes that either directly or indirectly participate in the
synthesis of carbohydrates and proteins are stimulated by iron.
Nitrogenase is an essential iron element of the enzymes as it
assists nitrifying bacteria in converting atmospheric nitrogen.
Therefore, the present investigation was undertaken to evaluate
the effect of different methods of zinc and iron application on
growth, root development and nodulation of kharif mung bean
(Vigna radiata L.).

Materials and Methods

The field experiment was conducted during the kharif season of
2025 at Crop Research Centre (CRC), Sardar Vallabhbhai Patel
University of Agriculture and Technology, Meerut (U.P), India.
The experimental site is situated at 29°10’ N latitude and 77°70’
E longitude with an altitude of 226 m above mean sea level. The
region falls under the semi-arid to sub-tropical climate of the
Upper Gangetic Plains. The experimental field soil was sandy
loam in texture, comprising 57.4% sand, 24.0% silt and 18.6%
clay. The soil was slightly alkaline in reaction (pH 7.8) with an
electrical conductivity of 0.29 dS m™. It contained 0.47% organic
carbon and low in available nitrogen (203.2 kg ha™'), medium in
available phosphorus (16.5 kg ha™) and potassium (194.2 kg
ha™"). The DTPA-extractable zinc and iron contents were 0.52 and
9.3 mg kg™!, respectively. The mung bean variety Samrat (PDM-
139) was sown on 21% August 2025 with recommended practices.
The experimental field was laid out in a Randomized Block
Design (RBD) design with nine treatments and three replications.
The treatments comprised (T1)Control, (T2) Soil application of
ZnSO, @ 25kg ha', (T3) Soil application of FeSO, @ 25kg ha,
(T4) Soil application of ZnSO, @ 25kg ha* + FeSO, @ 25kg ha
1 (Ts) Foliar application of ZnSO, @ 0.5% at pre flowering and
pod initiation stage, (Ts) Foliar application of FeSO4 @ 0.5% at
pre flowering and pod initiation stage, (T) Foliar application of
ZnSOs @ 0.5% + FeSO, @ 0.5% at pre flowering and pod
initiation stage, (Ts) Soil application of ZnSO, @ 25kg ha' +
Foliar application of FeSO, @ 0.5% at pre flowering and pod
initiation stage and (Ty) Soil application of FeSO, @ 25kg ha! +
Foliar application of ZnSO, @ 0.5% at pre flowering and pod
initiation stage.

https://www.agronomyjournals.com

Results and Discussion
Effect of Zinc and
Nodulation Parameters
Growth and nodulation parameters of mung bean, namely plant
height (cm), number of branches plant™, number of trifoliate
leaves plant™, leaf area index, crop growth g m? day?, Root
length (cm) and number of nodules plant™ were significantly
influenced by zinc and iron treatments.

Iron application on Growth and

Plant height(cm)

The data on plant height at 25 DAS, 50 DAS and at harvest was
significantly influenced, at 25 DAS, the maximum plant height
(24.6 cm) was recorded in Ta, as soil applied micronutrients were
already available in the root zone during early vegetative growth,
facilitating better nutrient absorption and cell division. However,
at 50 DAS and harvest stage, the combined foliar application
treatment T~ recorded the maximum plant height of 47.8 cm and
59.3 ¢cm. The superiority of foliar application at later stages
mainly by the direct absorption of zinc and iron through the leaf
surface, which rapidly accelerates plant metabolism. Zinc plays a
key role in the biosynthesis of plant growth regulators,
particularly auxins, which actively participate in cell elongation
and meristematic activity, ultimately boosting plant height.
Enhanced iron availability through foliar spray promotes
enzymatic and metabolic processes, including chlorophyll
synthesis and photosynthetic efficiency, which further drives
vegetative development. These results are in conformity with
Boradkar et al. (2023) [, Hafsa Farooq et al. (2025) [l Haider et
al. (2018) [’ and Rehaman et al. (2024) 119,

Number of branches plant™

Treatment T- recorded the significantly highest number of
branches at 50 DAS (6.9 plant™) and at harvest (8.2 plant™). The
lowest in control (T:) (4.2 and 5.4 plant ™). The enhancement in
branching under combined foliar application of zinc and iron can
be attributed to the role of iron in protein, chlorophyll and
chloroplast development, as well as in the production of
photosynthates that support axillary bud development and
branching. The synergistic effect of zinc and iron applied together
stimulates greater physiological activity compared to either
element applied alone. These findings are in agreement with
Praveena et al. (2018) 81, Habib et al. (2018) [, Suman et al.
(2022) 22 and Zeidan et al. (2010) 241,

Number of trifoliate leaves plant™

At 25 DAS, the maximum trifoliate leaves (4.1 plant™) were
recorded with Ts due to the early availability of soil applied zinc
and iron in the root zone. At 50 DAS and at harvest stage,
treatment T- recorded the significantly highest values of 15.6
plant™ and 13.8 plant™, respectively. The increase in leaf count
under zinc and iron application can be attributed to improved cell
division in apical and axillary meristems, enhanced nitrogen
metabolism and greater photosynthetic capacity, which
collectively support the production of more leaf bearing nodes.
The findings are supported by Borah et al. (2021) [¥l, Karmakar et
al. (2021) ™ and Kavya et al. (2021) [*31,

Leaf area index

At 25 DAS, the highest LAI (2.31) was recorded with T4, while at
50 DAS and at harvest stage, T- recorded the significantly highest
LAI of 4.48 and 3.34, respectively. Higher LAl under combined
foliar application of zinc and iron is attributed to the role of these
micronutrients in promoting leaf area expansion through cell
division and elongation, enhanced chlorophyll content and
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improved photosynthetic pigment synthesis. These findings are
supported by Blessena et al. (2019) M, Saakshi et al. (2020) 2
and Marschner (2012) [26],

Crop growth rate (g m2 day)

The crop growth rate of mung bean was significantly affected by
the treatments during both the growth intervals, viz., 25-50 DAS
and 50 DAS to harvest stage. Treatment T- recorded the highest
CGR during both intervals with 13.63 and 8.52 g m™2 day!,
respectively, control (T:) recorded the lowest CGR at both
intervals (8.44 and 4.35 g m2 day'). The higher CGR under
combined foliar application of zinc and iron is a direct
consequence of enhanced photosynthetic efficiency, greater leaf
area and improved dry matter production rate per unit ground area
per unit time. These findings are consistent with Karmakar et al.
(2021) M1 and Mahilane et al (2018) [*3],

Root length (cm)

At 25 DAS, the maximum root length (9.1 cm) was recorded with
Ta. At 50 DAS and harvest, treatment T- recorded the highest root
length (13.8 and 15.4 c¢m, respectively), followed by Ts (13.1 and
14.7 cm). The superiority of soil application treatments during
early growth stages for root elongation is because soil applied zinc
and iron are directly available in the rhizosphere, promoting root
cell division and elongation through activation of auxin
biosynthesis. At later stages, foliar applied zinc and iron
translocated to root tissue via phloem, further enhancing root
development. These results are in agreement with Praveena et al.
(2018) 81 and Usman et al. (2014) 23],

Number of nodules plant™

The highest number of nodules (34.3 plant™!) was recorded under
T7. The lowest number of root nodules (24.4 plant™) was in the
control (T1). Zinc promotes nodulation by enhancing root hair
development, which is the primary site of Rhizobium infection
and by stimulating the production of flavonoids that act as signal
molecules between the host legume and Rhizobium bacteria. Iron
is an essential constituent of nitrogenase and leghemoglobin, both
of which play a crucial role in biological nitrogen fixation within
root nodules. These results are supported by Kuniya et al. (2018)
(141 and Suman et al. (2022) 22,

Table 1: Effect of zinc and iron application on plant height (cm) of
mung bean during various phenological stages

Plant height (cm)

Treatments 25 | 50 At
DAS | DAS | harvest
T Control 19.6 |40.7| 494
T4  Soil application of ZnSOs @ 25 kg ha™! 23.21425| 54.6
T3 Soil application of FeSO4+ @ 25 kg ha™' 22.7141.8| 53.9
Soil application of ZnSOs @ 25 kg ha™ +
T4 FeSOs @ 25 kg ha ' 24.6(445| 56.4
T Foliar apph_catlon of Zn_SC_){ @ 0.5% at pre- 199|436!| 557
flowering and pod initiation stage
- = o .
T Foliar application of FeSOs @ 0.5% at pre 1961431 552

flowering and pod initiation stage
Foliar application of ZnSOs @ 0.5% + FeSO«

https://www.agronomyjournals.com

SEm () 05[06] 038

C.D. (P=0.05) 14| 18| 23

Table 2: Effect of zinc and iron application on number of branches
plant? of mung bean at different stages of crop growth

Branches
plant?!
Treatments 50 At
DAS | harvest

T, Control 4.2 54
T, Soil application of ZnSOs @ 25 kg ha™! 4.8 6.1
T3 Soil application of FeSO4 @ 25 kg ha™! 4.5 5.9

Soil application of ZnSO+ @ 25 kg ha™ + FeSO: @
T4 - 5.6 6.8

25 kg ha™

Foliar application of ZnSOs @ 0.5% at pre-flowering

T5 Y 5.4 6.5
and pod initiation stage

Foliar application of FeSOs @ 0.5% at pre-flowering

T4 s 52 6.3
and pod initiation stage
T, Foliar application of ZnSO« @ 0.5% + FeSO: @ 6.9 8.2
0.5% at pre-flowering and pod initiation stage ) )
Soil application of ZnSO4 @ 25 kg ha™ + Foliar
Ts application of FeSO+ @ 0.5% at pre-flowering and | 6.1 7.3
pod initiation stage
Soil application of FeSO4 @ 25 kg ha™ + Foliar
Ts application of ZnSOs+ @ 0.5% at pre-flowering and | 5.9 7.1
pod initiation stage

SEm (¥) 0.2 0.2
C.D. (P=0.05) 0.6 0.7

Table 3: Effect of zinc and iron application on number of trifoliate
leaves plant™ of mung bean at different stages of crop development

Trifoliate leaves

plant?!
Treatments 25 50 At
DAS | DAS | harvest
T Control 27 [113| 9.6
T4  Soil application of ZnSOs @ 25 kg ha™! 3.6 |12.7| 10.9
T3 Soil application of FeSO+ @ 25 kg ha™ 3.2 125 10.6
Soil application of ZnSOs @ 25 kg ha™ +

T4 FeSO: @ 25 kg ha ' 41141 123

- — > .
T Foliar appllpatlon of Zn_S(_)‘t @ 0.5% at pre 29 (136! 118

flowering and pod initiation stage

- = o -

T, Foliar application of FeSOs @ 0.5% at pre 281134 115

flowering and pod initiation stage

Foliar application of ZnSO+ @ 0.5% + FeSO«
T4 @ 0.5% at pre-flowering and pod initiation | 2.9 |15.6| 13.8
stage

Soil application of ZnSO+ @ 25 kg ha™' +
Ts Foliar application of FeSO: @ 0.5% atpre- | 3.8 |14.5| 12.9
flowering and pod initiation stage

Soil application of FeSOs @ 25 kg ha™ + Foliar|
Tq application of ZnSO4 @ 0.5% at pre-flowering| 3.4 [14.4| 12.6
and pod initiation stage

SEm (3) 0103 03

C.D. (P=0.05) 0409 08

Table 4: Effect of zinc and iron application on leaf area index (LAI) of
mung bean at various growth stages

Leaf Area Index

T, @ 0.5% at pre-flowering and pod initiation |20.1|47.8| 59.3 Treatments 25 | 50 At
stage DAS |DAS | harvest

Soil application of ZnSOs @ 25 kg ha™' + T Control 1.45|2.68| 1.82

Ts Foliar application of FeSO @ 0.5% at pre- |23.3|46.5| 58.1 T4  Soil application of ZnSOs @ 25 kg ha™ 2.1913.24| 247

flowering and pod initiation stage Ty  Soil application of FeSOs @ 25 kg ha™ 1.941286| 214

Soil application of FeSO4 @ 25 kg ha™ + Foliar|
Ts application of ZnSO+ @ 0.5% at pre-flowering | 22.8 | 45.7 | 57.5
and pod initiation stage

Soil application of ZnSOs @ 25 kg ha™ +
T4 FeSO: @ 25 kg ha ! 231(3.64| 292

Ts Foliar application of ZnSOs @ 0.5% at pre- |1.52|3.47| 2.65
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flowering and pod initiation stage

initiation stage

Foliar application of FeSOs @ 0.5% at pre-

flowering and pod initiation stage 1481332 257

SEm (3) 02]03] 03 0.6
C.D. (P=0.05) 07]08] 09 1.9

Foliar application of ZnSOs @ 0.5% + FeSOa
T, @ 0.5% at pre-flowering and pod initiation |1.63|4.48| 3.34
stage

Soil application of ZnSOs @ 25 kg ha™ +
T Foliar application of FeSO: @ 0.5% at pre- |2.25[3.94| 3.19
flowering and pod initiation stage

Soil application of FeSOs @ 25 kg ha™ + Foliar|
T application of ZnSO+ @ 0.5% at pre-flowering | 2.14 | 3.75| 3.12
and pod initiation stage

SEm () 0102 01

C.D. (P=0.05) 0204 03

Table 5: Effect of zinc and iron application on crop growth rate (g m=
day™") of mung bean during growth stages

CGR (g m? day™")

Treatments 25-50 [50 DAS —at
DAS | Harvest
T Control 8.44 4.35
T Soil application of ZnSOs @ 25 kg ha™' 9.27 5.81
1€ Soil application of FeSOs @ 25 kg ha™! 9.13 5.67
Soil application of ZnSOs @ 25 kg ha™ +

B FeSOs @ 25 kg ha™! 10.24) 715

- — o .
TS Foliar apph_catlon of Zn_S(_)f @ 0.5% at pre 10.07 6.73

flowering and pod initiation stage

- - o .

T Foliar application of FeSOs @ 0.5% at pre 9.92 6.13

flowering and pod initiation stage

[Foliar application of ZnSOs+ @ 0.5% + FeSO: @)

0.5% at pre-flowering and pod initiation stage 1363 8.52

Soil application of ZnSOs @ 25 kg ha™ + Foliar
Ts application of FeSO. @ 0.5% at pre-flowering
and pod initiation stage

11.36 7.79

Soil application of FeSOs @ 25 kg ha™' + Foliar
To| application of ZnSOs @ 0.5% at pre-flowering | 10.97 7.67
and pod initiation stage

SEm () 05 0.2

C.D. (P=0.05) 14 0.6

Table 6: Effect of zinc and iron application on root length (cm) and
nodules plant? of mung bean

Root length (cm) Root

Treatments 25 | 50 At nodules
DAS|DAS|harvest| plant?
Ty Control 7.4 1106| 11.8 24.4
T Soil appllcatlonh(;f:IZnSO‘; @ 25kg 87 1115 12.7 26.1
T, Soil apphcatlonh(;iFeSO4 @ 25kg 83 113 126 258
T, Soil application of ZnSO4 @ 25 kg 91 1126 135 28.6

ha' + FeSO4 @ 25 kg ha'!

Foliar application of ZnSOs @ 0.5%
Ts at pre-flowering and pod initiation | 7.4 [12.2| 13.3 27.8
stage

Foliar application of FeSO: @ 0.5%
T¢ at pre-flowering and pod initiation | 7.3 [11.9| 13.1 27.2
stage

Foliar application of ZnSO« @ 0.5%
T4 + FeSOs @ 0.5% at pre-flowering | 7.5 |13.8| 15.4 343
and pod initiation stage

Soil application of ZnSOs @ 25 kg
ha! + Foliar application of FeSO: @
0.5% at pre-flowering and pod
initiation stage

8.9 |13.1| 147 32.8

Soil application of FeSOs @ 25 kg
Tsha™* + Foliar application of ZnSO. @] 8.6 |12.8| 14.2 316
0.5% at pre-flowering and pod

Conclusion

Zinc and iron application through both soil and foliar modes
significantly influenced the growth attributes, root development
and nodulation of kharif mung bean (Vigna radiata L.),
confirming the critical role of these micronutrients in crop growth
under slightly alkaline, sandy loam soils of western Uttar Pradesh.
Combined foliar application of ZnSO: @ 0.5% + FeSOs+ @ 0.5%
at pre-flowering and pod initiation stages (T7) proved
significantly superior over all other treatments and recorded the
highest plant height, number of branches plant™, trifoliate leaves
plant™, leaf area index, crop growth rate, root length and number
of nodules plant™, attributed to the synergistic interaction of zinc
and iron enabling rapid foliar absorption and enhanced metabolic
activity at critical growth stages.

Soil application of ZnSO. @ 25 kg ha™ combined with foliar
application of FeSO. @ 0.5% at pre-flowering and pod initiation
stages (Ts) consistently ranked second for most growth and
nodulation parameters, highlighting the potential of integrated
soil and foliar micronutrient management in mung bean
production.

Based on the findings, foliar application of ZnSOs @ 0.5% +
FeSOs @ 0.5% at pre-flowering and pod initiation stages is
recommended as the most effective and practical zinc and iron
application strategy for maximizing vegetative growth and
nodulation in kharif mung bean under similar agro-climatic
conditions.
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