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Abstract

The present investigation was undertaken to study the “response to foliar sprays of different sources of zinc
on growth, yield, quality and nutrient uptake by soybean in Inceptisol”. The experiment was conducted at
research field of Post Graduate Institute Research Farm, Department of Soil Science, Mahatma Phule
Krishi Vidyapeeth, Rahuri, during kharif 2024. The experimental soil was with dominat smectite type of
mineral belonging to the order Inceptisol. The experiment was conducted in randomized block design with
three replications and nine treatments comprising of application of GRDF and different zinc sources viz.,
T1: Absolute control, T2: GRDF (50:75:45 N: P20s: K20 kg hat + 10 t hat FYM), Ts: GRDF + two water
sprays, T4: GRDF + two foliar spray of 0.1% ZnSO4, Ts: GRDF + two foliar sprays of chelated Zn @
0.2%, Te: GRDF + two foliar sprays of nano Zn @ 500 ppm, T7: GRDF + two foliar sprays of nano Zn @
1000 ppm, Ts: GRDF + two foliar sprays of nano Zn @ 1500 ppm and Te: GRDF + two foliar sprays of
chelated zinc 0.1%. Two foliar sprays of zinc fertilizer sources were applied at 30 and 45 days after sowing
(DAS). The results revealed that among different treatment combinations, the significantly highest total
chlorophyll (0.54 mg g1), grain yield (21.59 g ha') and stover yield (19.89 g ha*) of soybean was recorded
in GRDF + two foliar sprays of chelated Zn @ 0.2% (Ts) at 30 and 45 days after sowing. The numerically
highest number of nodules and pods plant™ were recorded in treatment GRDF + two foliar sprays of
chelated Zn @ 0.2% (Ts) at 30 and 45 days after sowing. Foliar sprays of different zinc sources on
economics of soybean found beneficial aftter application different zinc treatments at 30 and 45 days after
sowing.
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1. Introduction

Soybean (Glycine max L.), rightly called as Golden Bean in the twenty first century,
occupying major position among oilseed crops of the country since 2006. It is also the
most important oil-bearing leguminous crop. The productivity potential of soybean is
higher than that of other legumes. It is the richest source of quality protein which can be
used for alleviating protein calorie malnutrition. Soybean contains around 40% protein
with all the essential amino acids beside 18-20% oil. World soybean production in
2019-20 is estimated as 333.67 million tonnes from a total area of 120.50 million
hectares. India ranks fourth in area 12.07 million ha accounting for 9.41% of the world
area and fifth in production with 13.98 million tonnes in 2022-23 (Anonymous, 2023)
2l The major soybean growing states are Madhya Pradesh, Maharashtra, Rajasthan,
Karnataka and Telangana. In Maharashtra, soybean is cultivated on 3.8 M ha area with
the production of 3.07 m ton and t is second position in India (Chirag et al., 2023) P!,
Application of Zn gave the highest seed, oil yield fed™ in soybean (Darwish et al.,
2002) 1"\ Zinc is an essential micronutrient involved in several key metabolic and
physiological processes such as enzyme activation, protein synthesis, growth regulation
and hormone (auxin) production (Alloway, 2008) 1. Plant availabile soil Zn is affected
by soil pH, soil type, organic matter, soil moisture, mineralogy, Zn diffusion and plant
uptake (Yin et al., 2011) 27] The mean concentration of 1.40+1.60 mg kg™! for available Zn and
its deficiency is 51.2% in Indian soils (Shukla et al., 2021) 241,
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Nanoparticle engineering is an emerging technological
breakthrough that offers targeted enhancements in strength. The
concept of 'nanotechnology' was first introduced in 1974 by
Norio Taniguichi, a professor at Tokyo University of Science
(Khan and Rizvi, 2014) 3. Nanotechnology is the art and
science of operating matter at the nanoscale and design,
characterization, production and application of structure, device
and system by regulatory shape and size at the nanoscale (1-100
nm).

Foliar application of zinc sources has proven highly effective in
enhancing crop growth, yield and grain biofortification
compared to soil-only application. Among the commonly used
sources, ZnSOs4 is the most widely adopted and improves yield,
chlorophyll content and grain Zn concentration in cereals and
legumes; however, its efficiency often declines under calcareous
and alkaline soils due to rapid fixation (Cakmak, 2008) . In
contrast, chelated Zn (Zn-EDTA) exhibits greater solubility and
stability, leading to superior Zn uptake and grain enrichment at
even lower doses than ZnSQOs; in wheat, foliar Zn-EDTA sprays
resulted in higher grain Zn concentration and improved yield
attributes compared with ZnSO. (Karak et al., 2005) 31 and
more recently, nano-Zn (ZnO nanoparticles) has emerged as a
promising alternative due to its high surface area and enhanced
penetration, allowing effective uptake at very low
concentrations. Foliar-applied nano-Zn has been shown to
increase yield, chlorophyll, antioxidant activity and grain Zn
content in rice, wheat, soybean and brassica crops.

2. Materials and Methods

The experiment was laid out during kharif 2024 at Post Graduate
Institute Research Farm of Department of Soil Science,
Mahatma Phule Krishi Vidyapeeth, Rahuri, Dist. Ahilyanagar,
Mabharashtra (India). The location of the experimental farm lies
between 19°34° N latitude and 74°64° E longitude. The elevation
above mean sea level ranged from 465 m. The tract lies on the
eastern side of western ghat and falls under scarcity zone.

The needed amount ofdifferenr sources of zinc are purchased
from near by market. The experiment was conducted in
randomized block design with three replications and nine
treatments comprising of application of GRDF and different zinc
sources viz., T1: Absolute control, T,: GRDF (50:75:45 N: P20s:
K20 kg hat + 10 t ha! FYM), Ts: GRDF + two water sprays, Ta:
GRDF + two foliar spray of 0.1% ZnSO., Ts: GRDF + two
foliar sprays of chelated Zn @ 0.2%, Tes: GRDF + two foliar
sprays of nano Zn @ 500 ppm, T7: GRDF + two foliar sprays of
nano Zn @ 1000 ppm, Ts: GRDF + two foliar sprays of nano Zn
@ 1500 ppm and Tq: GRDF + two foliar sprays of chelated zinc
0.1%. Two foliar sprays of zinc fertilizer sources were applied at
30 and 45 days after sowing (DAS).

The soil of experimental plot is with dominat smectite type of
mineral belonging to order Inceptisol. In order to determine soil
properties of experimental soil before sowing, the surface (0-15
cm depth) soil samples were collected randomly from selected
spots covering experimental area. A composite soil sample was
prepared and analysed for its various soil properties. The soil pH
was moderately alkaline (8.41), with low salt content (0.18 dS
m-1), medium in organic carbon (3.3 g kgl). The soil was low in
available nitrogen (242 kg hal), moderate in available
phosphorus (22.02 kg ha*) and very high in available potassium
(318 kg ha). The DTPA extractable Fe, Mn and Cu status in
soil was sufficient (4.91, 5.12 and 1.491 mg kg, respectively),
however, the DTPA Zn (0.51 mg kg™ 1) was deficient in soil.

The yield of grains and stover produced from each net plot were
recorded separately in kg as per treatments. The yield per net
plot was converted into quintal per hectare (g ha'). The data
obtained was statistically analysed as per the methods described
by Panse and Sukhatme (1995) [*°I.

3. Result and Discussion

3.1 Total chlorophyll at 45 and 55 DAS

The total chlorophyll content in soybean leaves at 45 and 55
DAS was significantly influenced by foliar application of
different zinc sources and concentrations and data is depicted in
Table 1. The highest total chlorophyll content was recorded in
Ts - GRDF + two foliar sprays of chelated Zinc (Zn-EDTA) @
0.2% at 30 and 45 DAS, with values of 0.54 mg g* at 45 DAS
and 0.58 mg g* at 55 DAS. Among the nano zinc treatments, T+
(nano Zn @ 1000 ppm) was the next best performer, with total
chlorophyll values of 0.52 mg g at 45 DAS and 0.57 mg g at
55 DAS, followed by Ts (0.49 and 0.50 mg g*) and Te (0.46 and
0.46 mg g*). The superior performance of Ts is attributed to the
use of chelated zinc in the form of Zn-EDTA (zinc ethylene
diamine tetraacetic acid). Zn-EDTA is a highly efficient source
that remains stable and available to plants even under alkaline
soil conditions. Zinc plays a central role in chlorophyll
biosynthesis, enzyme activation and stabilizing chloroplast
membranes, which directly supports higher pigment
accumulation. Foliar application of Zn-EDTA ensures rapid
uptake and translocation within the plant, leading to improved
photosynthetic efficiency. These findings align with those of
Fageria (2009) B who reported enhanced chlorophyll content in
rice with Zn-EDTA.

3.2 Number of nodules and pods

The number of nodules plant? and pods plant? in soybean was
found numerically higher though the results were statistically
non significant with foliar application of different zinc sources
and concentrations and data is mentioned in Table 1.

The highest nodule count (37) was observed in Ts (GRDF + two
foliar sprays of chelated Zn @ 0.2% as Zn-EDTA at 30 and 45
DAS), the lowest number of nodules was recorded in the control
(T1 - 23 nodules). The number of root nodule values were higher
in Zn treated plots as compare to other treatments. similar results
were obtained by Pal et. al. (2023) 8. In case of pods, the
maximum number of pods plant? (50) was recorded in Ts The
control (T1) recorded the lowest number of pods plant? (29).
The treatments receiving chelated zinc and higher nano Zn
levels showed consistently higher pod formation, suggesting
enhanced reproductive growth due to better zinc availability.
These observations are close in confirmity with Dass et. al.
(2023) 81,

3.3 Grain and stover yield

The results related to the topic effect of foliar sprays of different
sources of zinc on growth, yield, quality and nutrient uptake by
soybean in Inceptisol. The treatment GRDF along with two
foliar sprays of 0.2% chelated Zn at 30 and 45 DAS recorded
significantly highest grain yield (21.59 q ha™') and lowest yield
(15.21q ha™) and in case of stover yield highest (19.89) and
lowest (13.05), It is due The superior grain and stover yield
performance in T5 can be attributed to the application of Zn-
EDTA, a chelated and highly bioavailable form of zinc that
ensures rapid foliar absorption, efficient translocation, and
continuous supply during critical growth stages (Shivay et al.,
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2016; Krishnasamy, 1996) [®l. Enhanced zinc availability
through Zn-EDTA improved chlorophyll synthesis, protein
formation, and cell division, thereby promoting vigorous
vegetative growth, sustained photosynthesis, and higher biomass
accumulation. Although nano Zn showed positive effects, Zn-
EDTA proved superior to ZnSO4 and nano Zn in enhancing both
grain and dry matter yield and data is given in Table 1.

3.4 Economics

Economics of soybean influenced by application of different
zinc sources with recommended dose of fertilizers is found
beneficial and data is given in Table 2.

The highest cost of cultivation (Rs. 61,791 ha') was recorded in
Tg - GRDF + two foliar sprays of nano Zn @ 1500 ppm and the
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lowest cost of cultivation (Rs. 36,807 ha*) was observed in Ti-
absolute control. The higher values of gross monetary return
(Rs. 1,05,648 ha*) was recorded in Ts, the lowest gross monetary
return (Rs. 53,827 ha') was observed under T; - absolute
control, indicating the positive economic response of soybean to
foliar-applied zinc sources, especially chelated zinc in the form
of Zn-EDTA. Similar results were shown by Raj and
Chandrashekhara (2019) and Bhumarkar et al.. The highest net
monetary return (Rs. 46,247 ha?) was observed in Ts In
contrast, the lowest net monetary return (Rs. 17,019 ha') was
recorded in Ti-absolute control. The highest B:C ratio (1.78)
was noticed in Ts, the lowest B:C ratio (1.46) was observed in
T,-absolute control.

Table 1: Effect of different zinc sources on growth, yield and yield attributing characters of soybean

. Total chlorophyll (mg g*) | Yield attributing characters | Yield (g ha?)
TrNo. Treatment details At 45 DAS | At55DAS | Nodule plant? | Pods plant? |Grain|Stover
T1 Absolute control 0.32 0.40 23 29 15.21| 13.05
T2 GRDF (50:75:45 N: P20Os: K20 kg ha* + 10 t ha'! FYM) 0.35 0.41 27 33 17.74| 15.14
T3 GRDF + Two water sprays 0.39 0.43 29 36 18.10| 17.10
T4 GRDF + Two foliar sprays of 0.1% ZnSQO4 0.43 0.44 32 38 19.48] 17.92
Ts GRDF + Two foliar sprays of Chelated Zn @ 0.2% 0.54 0.58 37 50 21.59 | 19.89
Ts GRDF + Two foliar sprays of Nano Zn @ 500 ppm 0.46 0.46 33 41 19.51] 18.09
T7 GRDF + Two foliar sprays of Nano Zn @ 1000 ppm 0.52 0.57 36 45 20.77 | 19.15
Ts GRDF + Two foliar sprays of Nano Zn @ 1500 ppm 0.49 0.50 35 44 20.55| 19.00
To GRDF + Two foliar sprays of Chelated Zn @ 0.1% 0.47 0.49 34 44 19.60 | 18.44
SEm (1) 0.041 0.005 4.72 7.23 0.72 | 0.67
CD at 5% 0.122 0.015 NS NS 217 | 2.01
Table 2: Effect of different zinc sources on economics of soybean.
Tr No. Treatment details rftrlffri Snzlc;r;.etha;)l/) COSt(ch(_:li::_\ll)atlon Net mc(Jg?e;gl;eturns B:C ratio
T1 Absolute control 53827 36807 17019 1.46
T2 GRDF (50:75:45 N: P20s: K20 kg ha?+10 t hat FYM) 86807 58194 28613 1.49
T3 GRDF + Two water sprays 88571 59035 29536 1.50
Ts GRDF + Two foliar sprays of 0.1% ZnSQO4 91898 59293 32606 1.55
Ts GRDF + Two foliar sprays of Chelated Zn at 0.2% 105648 59401 46247 1.78
Ts GRDF + Two foliar sprays of Nano Zn at 500 ppm 95470 59576 35894 1.60
T7 GRDF + Two foliar sprays of Nano Zn at 1000 ppm 101636 60498 41137 1.68
Ts GRDF + Two foliar sprays of Nano Zn at 1500 ppm 100559 61791 38768 1.63
To GRDF + Two foliar sprays of Chelated Zn at 0.1% 95911 59183 36728 1.62

4. Conclusions

The application of GRDF + two foliar sprays of chelated Zn @
0.2% (Zn-EDTA) at 30 and 45 DAS to soybean was found
beneficial for increase in growth, yield and vyield attributing
characters and economics of soybean in Inceptisol.
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