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Abstract
The research was conducted to biofortify Oat forage by applying Zn besides evaluating the reflex of Zn
applications on quality and nutrient uptake by the Oat cultivars under study. Experimental soil was sandy
clay loam in texture, slightly alkaline, having available N low, with medium available P & K. Design of the
experiment was split plot with two varieties of Oats in Main Plots (JHO-851 and OL-10) while variable
applications of Zinc sulphate were arranged in Subplots, having 8 treatments with total treatment
combinations of 16, replicated thrice. Zn was supplied through zinc sulphate heptahydrate (ZnSO4.7H2O)

@ 25 kg ha− 1. Among the Oat varieties, JHO-851 performed best in all the parameters under
investigation. In subplots, a significant enhancement was recorded in nutrient uptake and quality
parameters under all the Zinc application treatments concerning the control Trt1 where Zn was not
applied, at both harvests 60 DAS and 105 DAS (final cutting). Among different Zinc applications, sole
treatments of Zinc either through soil @ 25 kg Zinc sulphate or by foliar applications 0.5% Zinc, did not
prove to be much effective in the nutrient uptake and quality parameters in fodder. However, Zinc
augmentation of soil with foliar sprays both at 45 days after sowing and 90 days after sowing recorded
significant improvement in all nutrient and quality parameters, N: P: K and Zinc uptake. The best
treatment at 60 days after sowing was Trt6, while Trt8 emerged as the best treatment. Concerning quality

parameters, zinc applications significantly improved crude protein (CP) under treatments T6 and Trt8 at
both cuts 60 days after sowing and 105 DAS, respectively. However, other quality parameters like NDF,
ADF and Hemicellulose by different treatments of Zn were not influenced significantly. In a nutshell, the
present investigation reveals that the enrichment of Zinc in Oats with agronomical means is useful as it
enriches the fodder with Zinc and helps improve the nutrient uptake and the overall quality of the fodder
besides being economically beneficial.

Introduction
It is a well-known fact that livestock production directly relates to fodder availability. Forages are the
foundation of the animal wealth and their production is the backbone of the livestock industry. According
to the 20th Livestock Census (2019), India’s total livestock population stands at 536.76 million,
accounting for 11.54% of the global livestock population, marking a 4.6% increase compared to 2012.
The population pressure is causing large areas of land to be used for food production and cash crops,
which leaves little arable land for fodder production.Currently, the country has 462 MT of green fodder
and 394 MT of dry fodder available, reflecting a net deficit of 35.6% in green fodder, 11% in dry crop
residue, and 44% in concentrate feed ingredients. (Makhdoomi, 2022).In Jammu and Kashmir, 4.5% of
arable land is allocated for fodder production, resulting in a 67.5% deficit in green fodder and a 27.3%
deficit in dry fodder production. (Makhdoomi, 2022). For this reason, fodder cultivation in the Jammu
and Kashmir region has great significance because it compensates for fodder scarcity during lean
periods to encounter the demand for animal products, maintain good health, and maximize the value of
livestock products such as wool, milk and meat. Currently, fodder production falls short of meeting
demand, as 60 crore animals require 1,097 million tons of green fodder and 1,170 million tons of dry
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fodder, making the situation highly challenging. (Ahmad et al., 2014). With the country's present feed and
fodder resources, only 48 per cent of the country's feed and fodder requirements can be met. Green and
dry fodder are both in deficit by 35 per cent and 11 per cent respectively. (Meena et al., 2019). In North-
West India, central India, and now in the eastern and peninsula regions, oat (Avena sativa L) is a cereal
fodder of great importance during the long winter season. In 2019, the global production of Oats was
23 million tonnes (FAO, 2019). In winter months, the animal faces a lack of green and nutritive fodder
and mainly depends on semi-dried standing grasses and cereal straws/stovers, due to this livestock
performance is reduced,like production of wool, milk, meat etc. Oat forage is a good choice for growing
during lean periods to alleviate the scarcity of green fodder. During the winter time, oats provide many
essential nutrients to livestock, which makes them an excellent and healthy feed. As a fodder crop, oats
production is constrained by an imbalanced soil profile and overuse of fertilizers, which results in
micronutrient deficiencies including zinc, copper, and iron. There are three major nutrients (N, P and K)
that have the greatest effect on crop yield but zinc is the fourth most significant. (Chaudhary et al.,
2021), play a vital role for various enzymatic and metabolic activities of animals. Inadequacy of these
micronutrients in soil leads to reduction in milk productivity and affect the health of animals. Zinc plays a
vital role in plants, supporting essential metabolic processes such as tryptophan and chlorophyll
synthesis, starch and nitrogen metabolism, and the transport of assimilates. Additionally, zinc supports
protein synthesis, gene expression, enzyme structure, energy production, and the activity of the Krebs
cycle. (Mousavi et al., 2013). Oat is more susceptible to zinc (Zn) deficiency than other crops.Zinc
deficiency in plants leads to slower growth, reduced tillering, shorter internodes, and chlorosis in new
leaves and leaf sheaths. Zinc applications significantly enhance various agronomic traits, i.e., leaves
length, leaf area, and shoot length resulting to improve photosynthetic activity and shoot fresh weight of
oat. Since Zn influences N metabolism, it impacts crude protein concentration. Since Zn affects
absorption and protein quality, it influences crude protein concentration. In order to alleviate
micronutrient deficiency bio-fortification has been considered to be one of the new alternative
approaches (Bouis, 2013). There are three main ways to achieve bio-fortification the first being food
supplements (Ahmed 2008 and Prasad 2009), the second being genetic bio-fortification and the third
being agronomic manipulation through micronutrient fertilization (Shivay, 2008). Applying Zn-containing
fertilizers as an agronomic approaches was found as a rapid and simple solution to overcome Zn
deficiency problem (Das et al.,2018; Singh et al.,2020) and increase fodder growth and productivity in
multi cut Oat cultivars.

Objectives
Evaluate Nutrient Uptake: Assess the impact of zinc application on the uptake of essential nutrients
in crops.

Enhance Crop Quality: Investigate how zinc influences key quality parameters such as

grain size, color, and nutritional content.
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Optimize Dosage: Determine the optimal zinc application rates for maximizing nutrient

absorption and crop quality.

Compare Varietal Responses: Analyze the differential response of various crop varieties to

zinc supplementation.

Understand Mechanisms: Explore the physiological and biochemical mechanisms underlying zinc-
enhanced nutrient uptake and quality improvement.

Assess Soil Health: Investigate the impact of zinc application on soil health and its role in
sustaining crop productivity.

Environmental Impact: Investigate the environmental implications of zinc supplementation and its
sustainability in agricultural practices.

These objectives aim to comprehensively understand the role of zinc in transforming nutrient uptake and
improving crop quality.

MATERIAL AND METHODS

Experimental site:
The experimental site is situated in the subtropical Shiwalik foothills of Jammu and Kashmir, at 32º40'N
latitude and 74º82'E longitude, with an altitude of 293 meters above mean sea level. A field experiment
was conducted during the Rabi season of 2021-22 at the Research Farm of the Department of
Agronomy, Sher-e-Kashmir University of Agricultural Sciences and Technology of Jammu, Main Campus
Chatha. A total of 238.2 mm of rainfall fell during the crop growing season and the range of rainfall was
between 0.0 and 110 mm. The highest weekly rainfall of 110 mm was received in the 2nd SMW.
Significantly higher rainfall of 64.38% and well-distributed rainfall was received above normal (144.9
mm) during the experimental period. According to the Rabi season forecast, the weekly maximum
temperature in the experimental area normally reaches as high as 28oC in the 45th SMW in November
and drops to as low as 2.8oC in the 51st SMW in December. During the normal weekly average maximum
and minimum relative humidity periods, the relative humidity ranged from 78 to 96.1%. The oat crop
grown during Rabi 2021-22, recorded a maximum relative humidity of 96.1% in the 5th SMW and a
minimum relative humidity of 32% in the 47th SMW falling in November.

Experimental Details:
The soil at the experimental site was characterized as sandy clay loam in texture, slightly alkaline in
nature, with low levels of available nitrogen, moderate phosphorus availability, and high potassium
content. The study comprised eight treatments as follows: Trt1: Recommended Dose of Fertilizers (RDF)
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at 80:40:220 kg/ha (no zinc applied), Trt2: RDF + soil application of ZnSO₄ at 25 kg/ha, Trt3: RDF + foliar
application of ZnSO₄ at 0.5% concentration at 45 days after sowing (DAS), Trt4: RDF + foliar application
of ZnSO₄ at 0.5% at 90 DAS, Trt5: RDF + foliar applications of ZnSO₄ at 0.5% at both 45 DAS and 90 DAS,
Trt6: RDF + soil application of ZnSO₄ at 25 kg/ha combined with a foliar application of ZnSO₄ at 0.5% at
45 DAS, Trt7: RDF + soil application of ZnSO₄ at 25 kg/ha combined with a foliar application of ZnSO₄ at
0.5% at 90 DAS, and Trt8: RDF + soil application of ZnSO₄ at 25 kg/ha along with foliar applications of
ZnSO₄ at 0.5% at both 45 DAS and 90 DAS. The experiment was conducted using two oat varieties, JHO-
851 and OL-10. A split plot design was laid for the experiment with two varieties of Oats in Main Plots
(JHO-851 and OL-10) while variable applications of Zinc sulphate were arranged in Subplots, having 8
treatments with total treatment combinations of 16, replicated thrice. Zn was supplied through zinc
sulphate heptahydrate (ZnSO4.7H2O) @ 25 kg ha− 1). Plots were 48 in total number. Gross and net plot

size of each plot were 12m2 and 6.4m2 respectively. Seeds were sown using the Kera method, with
furrows manually created using a liner at a seed rate of 100 kg/ha and a row spacing of 20 cm. After
sowing, the rows were closed using a light planker.

Data Observation:
As per the programme of experimentation, the observations were recorded at 60 and 105 DAS. From
each plot a representative sample was taken for the study of plant characteristics at 60 days after
sowing and 105 DAS. Plants were cut at 10 cm above the ground surface to allow the smooth
regeneration of the crop.

Statistical Analysis:
Cochran and Cox, 1963 described a statistical analysis procedure for identifying treatment effects based
on data recorded for various traits. Interpretation of treatment effects was based on critical differences,
and all comparisons were performed at the 5% significance level.

Result and Discussion

Nutrient uptake studies

Nitrogen uptake (kg/ha)
The data in the table below indicates that in the main plots, the cultivar JHO-851 recorded significantly
higher nitrogen uptake of 33.98 kg/ha at 60 days after sowing and 48.05 kg/ha at the final cutting,
compared to the OL-10 variety at both observation intervals.

In the subplot treatments with RDF supplemented by various zinc applications, the highest nitrogen
uptake (40.43 kg/ha) was observed in Trt6 (RDF + soil application of ZnSO₄ at 25 kg/ha + foliar spray of
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ZnSO₄ at 0.5% at 45 days after sowing) at 60 days after sowing. This was statistically comparable to Trt8
(RDF + soil application of ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at 45 and 90 days after
sowing), which recorded a nitrogen uptake of 36.46 kg/ha. At the final cutting, Trt8 showed the highest
nitrogen uptake (54.62 kg/ha), which was statistically similar to Trt7 (RDF + soil application of ZnSO₄ at
25 kg/ha + foliar spray of ZnSO₄ at 0.5% at 90 days after sowing). The lowest nitrogen uptake values
(24.42 kg/ha and 17.70 kg/ha) were recorded in Trt1 (RDF without zinc) at 60 days after sowing and the
final cutting, respectively. The interaction effects between the multicut forage oat cultivars and the RDF
with zinc applications on nitrogen uptake were found to be non-significant.

Impact of Zinc application on nitrogen uptake of multicut
oat cultivars

Page 6/27



Treatment N uptake (kg ha− 1)

60 DAS At final cutting

Variety    

JHO-851 33.98 48.05

OL-10 26.43 16.00

SEm (±) 0.49 1.04

Least significant diff.(p = 0.05) 1.44 3.09

Nutrient management    

Trt1 24.42 17.70

Trt2 27.25 22.47

Trt3 27.59 24.73

Trt4 25.47 27.66

Trt5 29.86 31.89

Trt6 40.43 36.23

Trt7 30.16 43.92

Trt8 36.46 54.62

SEm (±) 1.56 1.80

Least significant diff.(p = 0.05) 4.56 5.24

Interaction NS NS

Phosphorus uptake (kg/ha)
The phosphorus uptake data presented below indicates that neither the varieties nor the zinc bio-
fortification treatments had a significant effect on phosphorus uptake. In the main plot treatments,
variety JHO-851 showed numerically higher phosphorus uptake of 0.32 kg/ha at 60 days after sowing
and 0.49 kg/ha at the final cutting. Similarly, in the subplot treatments with RDF and zinc applications,
there was no significant effect on phosphorus uptake. However, treatment Trt6 (RDF + soil application of
ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at 45 days after sowing) recorded the highest
phosphorus uptake of 0.33 kg/ha at 60 days after sowing. At the final cutting, Trt8 (RDF + soil application
of ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at both 45 and 90 days after sowing) showed the
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highest phosphorus uptake of 0.49 kg/ha. The interaction effect for phosphorus uptake was non-
significant.

Impact of Zn application on phosphorus uptake of multi
cut oat cultivar

Treatment P uptake (kg ha -1)

60 DAS At final cutting

Variety    

JHO-851 0.32 0.49

OL-10 0.26 0.33

Sem(±) 0.03 0.02

Least significant diff.(p = 0.05) Non-significant Non-significant

Nutrient Management    

Trt1 0.27 0.34

Trt2 0.28 0.36

Trt3 0.29 0.39

Trt4 0.28 0.40

Trt5 0.30 0.42

Trt6 0.33 0.43

Trt7 0.30 0.46

Trt8 0.31 0.49

SEm (±) 0.07 0.03

Least significant diff.(p = 0.05) NS NS

Interaction NS NS

Potassium uptake(kg/ha)
The potassium uptake data presented in the table below shows that in the main plot treatments, variety
JHO-851 recorded the highest potassium uptake of 96.20 kg/ha at 60 days after sowing and 95.86 kg/ha
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at the final cutting. In the subplot treatments with zinc applications combined with RDF, the highest
potassium uptake of 99.17 kg/ha was observed in Trt6 (RDF + soil application of ZnSO₄ at 25 kg/ha + 
foliar spray of ZnSO₄ at 0.5% at 45 days after sowing) at 60 days after sowing. This was statistically
similar to Trt8 (RDF + soil application of ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at both 45 and
90 days after sowing), which recorded a potassium uptake of 98.16 kg/ha. At the final cutting, Trt8
showed the highest potassium uptake of 99.17 kg/ha, which was statistically similar to Trt7 (RDF + soil
application of ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at 90 days after sowing) and Trt6, with
potassium uptakes of 96.16 kg/ha and 94.68 kg/ha, respectively. Minimum potassium uptake (84.33
kg/ha and 85.38 kg/ha) at 60 days after sowing and at final cutting was recorded under Trt1 (RDF-No
Zinc). Non-significant interactions were obtained concerning potassium uptake.

Effect of zinc application on potassium uptake of muticut
oat cultivars
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Treatment K uptake (kg ha -1)

60 DAS At final cutting

Variety    

JHO-851 96.20 95.86

OL-10 87.40 88.50

SEm (±) 0.60 1.03

Least significant diff.(p = 0.05) 1.7 3.02

Nutrient management    

Trt1 84.33 85.38

Trt2 90.86 87.01

Trt3 91.52  

  89.49

Trt4 85.79  

  91.66

Trt5 92.70  

  93.88

Trt6 99.17  

  94.68

Trt7 91.85  

  96.16

Trt8 98.16  

  99.17

SEm (±) 1.78 1.60

Least significant diff.(p = 0.05) 5.18 4.67

Interaction Non significant Non significant

Zn uptake(g/ha)

Page 10/27



The zinc uptake in the green fodder of multicut oat, as shown in the table below, reveals that variety JHO-
851 recorded the highest zinc uptake of 65.32 g/ha at 60 days after sowing and 98.98 g/ha at the final
cutting. In the subplot treatments with RDF combined with various zinc applications for zinc bio-
fortification, treatment Trt6 (RDF + soil application of ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5%
at 45 days after sowing) exhibited the highest zinc uptake of 82.45 g/ha at 60 days after sowing. This
was statistically similar to Trt8 (RDF + soil application of ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at
0.5% at 45 and 90 days after sowing), which recorded a zinc uptake of 81.06 g/ha. At the final cutting,
Trt8 showed the highest zinc uptake of 114.68 g/ha, which was statistically similar to Trt7 (RDF + soil
application of ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at 90 days after sowing), with a zinc
uptake of 93.55 g/ha. The lowest zinc uptake values (45.19 g/ha and 32.18 g/ha) at 60 days after
sowing and the final cutting, respectively, were observed in Trt1 (RDF without zinc). The interaction
effects between the multicut forage oat cultivars and RDF with zinc applications were found to be non-
significant.

Zinc application effect on Zn uptake of multi cut oat
cultivars
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Treatment Zn uptake (g ha-1)

60 DAS At final cutting

Variety    

JHO-851 65.32 98.98

OL-10 53.54 36.14

SEm (±) 0.83 1.63

Least significant diff.(p = 0.05) 2.40 4.80

Nutrient management    

Trt1 45.19 32.18

Trt2 50.37 42.07

Trt3 58.75 52.00

Trt4 47.58 58.77

Trt5 56.27 69.51

Trt6 82.45 77.71

Trt7 52.97 93.55

Trt8 81.06 114.68

SEm (±) 1.01 3.60

Least significant diff.(p = 0.05) 2.94 10.48

Interaction NS NS

Quality parameters

NDF
Neutral detergent fibre (NDF), primarily composed of hemicellulose, cellulose, and lignin, showed no
significant differences between the multicut oat cultivars and the zinc application treatments in terms of
NDF content at both 60 days after sowing and the final cutting. However, the highest NDF values of
51.55% at 60 days after sowing and 55.51% at the final cutting were recorded under Trt6 (RDF + soil
application of ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at 45 days after sowing) and Trt8 (RDF + 
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soil application of ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at 45 and 90 days after sowing),
respectively. The interaction effects regarding NDF content were found to be non-significant.

zinc application effect on neutral detergent fibre of multi-
cut oat cultivars

Treatment Neutral Detergent Fibre (%)

60 DAS At final cutting

Variety    

JHO-851 50.96 55.99

OL-10 47.18 50.57

SEm (±) 2.47 2.45

Least significant diff.(p = 0.05) Non significant Non significant

Nutrient management    

Trt1 45.90 50.46

Trt2 47.48 51.78

Trt3 48.78 52.63

Trt4 48.53 53.00

Trt5 49.38 53.42

Trt6 51.55 54.46

Trt7 50.25 55.01

Trt8 50.72 55.51

SEm (±) 5.37 3.77

Least significant diff.(p = 0.05) NS NS

Interaction NS NS

Acid detergent fibre
The main components of acid detergent fibre (ADF) are cellulose and lignin. The data on ADF, presented
below, indicates that there were no significant differences between the multicut forage oat varieties and

Page 13/27



the RDF treatments combined with zinc applications at both 60 days after sowing and the final cutting.
However, the highest ADF values of 35.10% at 60 days after sowing and 35.68% at the final cutting were
observed in Trt6 (RDF + soil application of ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at 45 days
after sowing) and Trt8 (RDF + soil application of ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at 45
and 90 days after sowing), respectively. The interaction effects between varieties and nutrient
management were also non-significant in relation to ADF content.

Effect of zinc application on Acid detergent fibre of multi
cut oat cultivars

Treatment Acid Detergent Fiber (%)

60 DAS At final cutting

Variety    

JHO-851 35.16 35.18

OL-10 31.58 33.68

SEm (±) 4.07 2.23

Least significant diff.(p = 0.05) Non significant Non significant

Nutrient Management    

Trt1 31.55 32.87

Trt2 32.38 33.80

Trt3 32.99 33.97

Trt4 32.84 34.14

Trt5 33.56 34.33

Trt6 35.10 35.67

Trt7 34.07 35.05

Trt8 34.45 35.68

SEm (±) 3.76 4.08

Least significant diff.(p = 0.05) NS NS

Interaction NS NS
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Hemicellulose
Hemicellulose content is calculated by subtracting the acid detergent fibre from the neutral detergent
fibre content. The data on hemicellulose, shown in the table below, indicates no significant differences
among the multicut forage oat varieties and the RDF treatments combined with zinc applications at both
60 days after sowing and the final cutting. However, the highest hemicellulose values of 16.45% at 60
days after sowing and 19.96% at the final cutting were observed in Trt6 (RDF + soil application of ZnSO₄
at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at 45 days after sowing) and Trt7 (RDF + soil application of
ZnSO₄ at 25 kg/ha + foliar spray of ZnSO₄ at 0.5% at 90 days after sowing), respectively. The interaction
effect between the oat varieties and zinc fertilization combined with RDF was non-significant for
hemicellulose content.

Effect of zinc application on hemicellulose of multicut oat
cultivars
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Treatment Hemicellulose (%)

60 DAS At final cutting

Variety    

JHO-851 15.80 20.81

OL-10 15.60 16.89

SEm (±) 3.53 1.69

Least significant diff.(p = 0.05) NS NS

Nutrient Management    

Trt1 14.34 17.58

Trt2 15.10 17.97

Trt3 15.78 18.65

Trt4 15.69 18.85

Trt5 15.81 19.08

Trt6 16.45 18.79

Trt7 16.15 19.96

Trt8 16.27 19.91

SEm (±) 5.97 6.13

Least significant diff.(p = 0.05) Non significant Non significant

Interaction Non significant Non significant

Crude protein
This table presents data concerning the crude protein content of forage crops. Crude protein content is
an important indicator of a crop's protein content. In the main plots, maximum crude protein was
recorded in variety JH0-851 at both intervals of observation (11.89 and 10.80 percent at 60 days after
sowing and final cutting, respectively).In sub plot treatments, where zinc was applied with RDF for bio-
fortification of Oat fodder, the plants that were fertilized with RDF + soil application of ZnSO4 @ 25
kg/ha + foliar spray of ZnSO4 @ 0.5% at 45 days after sowing (Trt6) denoted significantly maximum
crude protein content (12.05 percent) in comparison to to other treatments at 60 days after sowing.
However, statistically at par with treatment Trt8 (RDF + soil application of ZnSO4 @ 25 kg/ha+ foliar
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spray @ 0.5% at 45 days after sowing and 90 days after sowing) and Trt7 (RDF + soil application ofZnSO4
@ 25 kg/ha + foliar spray of ZnSO4 @0.5% at 90 days after sowing). On the other hand, at final cuttings
treatment Trt8 recorded highest crude protein content (11.07 percent) which was statistically at par with
Trt7 and Trt6 recording crude protein contents of 10.81 and 10.52 percent, respectively. Minimum crude

protein contents (10.71 and 9.67 percent) at 60 days after sowing Gand at final cutting were recorded in
treatment Trt1 (RDR-No Zinc). Interaction effects between multicut forage oat cultivars and RDF
supplemented with zinc fertilization were non-significant.

Effect of zinc application on crude protein of multicut oat
cultivars

Treatment Crude Protein (%)

60 DAS At final cutting

Variety    

JHO-851 11.89 10.80

OL-10 10.81 9.78

SEm (±) 0.19 0.08

Least significant diff.(p = 0.05) Non-significant 0.24

Nutrient management    

Trt1 10.71 9.67

Trt2 10.90 9.95

Trt3 11.24 10.01

Trt4 11.04 10.06

Trt5 11.36 10.26

Trt6 12.05 10.52

Trt7 11.59 10.81

Trt8 11.91 11.07

SEm (±) 0.25 0.27

Least significant diff.(p = 0.05) 0.74 0.79

Interaction NS NS

Page 17/27



Soil studies

Soil pH
As shown in the table below, after harvest of the crop, multicut forage oat varieties and Zinc application
treatments did not significantly affect soil pH.. Similarly, the interaction effects of multicut forage oat
varieties and zinc fertilization were non-significant with regard to soil Ph.

Soil EC (ds m-1)
A perusal of data pertaining to electrical conductivity given in the below table shows that like soil pH oat
cultivars in main plot and Zinc applications in subplot did not have a significant difference in EC after the
harvest of the crop. Likewise, interaction effect were also revealed to be non significant with regard to
soil EC.

Impact of Zn application on physico-chemical properties of soil after
harvest of the crop
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Treatment pH EC (dS m-1)

Variety    

JHO-851 7.47 0.17

OL-10 7.44 0.16

SEm (±) 0.03 0.001

Least significant diff.(p = 0.05) Non significant Non significant

Nutrient Management    

Trt1 7.31 0.15

Trt2 7.37 0.16

Trt3 7.39 0.16

Trt4 7.42 0.16

Trt5 7.48 0.17

Trt6 7.54 0.17

Trt7 7.56 0.18

Trt8 7.59 0.18

SEm (±) 0.09 0.004

Least significant diff.(p = 0.05) NS NS

Interaction NS NS

Available N (kg/ha)
Pertaining to available nitrogen data after the harvest of the crop depicted in below table clearly

indicates that both multicut forage oat cultivars and Zinc applications added with RDF have no
significant impact on available N in soil. Similarly, interaction effect with regard to available N were also
non significant.

Available P (kg/ha)
Available P given in below table again shows non-significant variations due to multicut forage oat
cultivars and Zinc applications combined with RDF after final crop harvest. Likewise, non-significant
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interactions were observed with regard to available P in soil.

Available potassium (kg/ha)
Potassium available in the soil after final fodder cutting given in below table also shows non-significant
variations among multicut forage oat varieties and treatments of Zinc applications added to RDF. In the
same manner, non-significant interactions were obtained with regard to available potassium in the soil.

Impact of Zn application on soil fertility after harvest of the
crop
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Treatment Nirogen
(kg/ha)

Phosphorus
(kg/ha)

Potassium
(kg/ha)

Zinc (mg/ha)

Variety        

JHO-851 230.42 13.77 132.25 0.52

OL-10 229.33 13.63 131.95 0.49

SEm (±) 0.90 0.28 0.48 0.03

Least significant diff.(p = 
0.05)

Non
significant

Non significant Non significant Non
significant

Nutrient Management        

Trt1 221.17 13.17 130.66 0.38

Trt2 225.67 13.35 131.50 0.51

Trt3 227.17 13.45 131.51 0.46

Trt4 228.83 13.70 132.16 0.47

Trt5 231.50 13.72 131.83 0.48

Trt6 232.67 13.88 132.16 0.54

Trt7 234.67 14.00 133.16 0.58

Trt8 237.33 14.35 133.83 0.62

SEm (±) 5.74 0.56 0.70 0.051

Least significant diff.(p = 
0.05)

Non
significant

Non significant Non significant Non
significant

Interaction Non
significant

Non significant Non significant Non
significant

Discussion

Nutrient uptake studies
A significant improvement in the overall uptake of nitrogen and potassium was observed. At 60 days
after sowing (DAS), the treatment combining RDF with soil application of ZnSO₄ at 25 kg/ha and foliar
spray of ZnSO₄ at 0.5% at 45 DAS recorded the highest nitrogen and potassium uptake, which was
statistically comparable to the treatment where zinc was applied in both soil and foliar forms. At the final
cutting, the treatment with RDF, soil application of ZnSO₄ at 25 kg/ha, and foliar spray of ZnSO₄ at 0.5%
at both 45 and 90 DAS showed the maximum nitrogen and potassium uptake, which was statistically
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similar to the treatment where zinc was applied as additional foliar sprays along with soil incorporation.
No significant differences were observed for phosphorus uptake, as nutrient uptake was influenced by
dry matter production and partly due to an increase in nutrient concentration. These results are
consistent with the findings of Singh et al. (2016), Kumar (2017), Gaur et al. (2018), Karrimi et al. (2018),
and Saha et al. (2020).

A similar trend was observed in zinc uptake, mirroring the patterns seen for nitrogen and potassium
uptake. At 60 days after sowing, the treatment with RDF, soil application of ZnSO₄ at 25 kg/ha, and foliar
spray of ZnSO₄ at 0.5% at 45 days after sowing recorded the highest zinc uptake, which was statistically
comparable to the treatment where zinc was applied in both soil incorporation and foliar spray forms (1).
At the final cutting, the combination of RDF, soil application of ZnSO₄ at 25 kg/ha, and foliar spray of
ZnSO₄ at 0.5% at both 45 and 90 days after sowing resulted in significantly the highest zinc uptake
(114.68 g/ha) compared to other treatments. This improvement in zinc uptake could be attributed to the
additional foliar zinc spray at the later stage (90 days after sowing), along with the initial foliar spray at
45 days after sowing and soil incorporation, which likely enhanced zinc concentration in the plants. This
increase in zinc content may have resulted from improved availability of zinc in the rhizosphere, better
absorption via foliar application, efficient translocation to storage organs, and the prevention of fixation
losses on leaf surfaces. These findings align with the results reported by Castagnara et al. (2013), Keram
et al. (2014), Malik et al. (2015), Ahmad et al. (2018), Dhaliwal et al. (2020), and Kumar and Ram et al.
(2021).

Quality parameters
The results about quality parameters show that Zn applications have no significant influence on NDF,
ADF and hemicellulose at both 60 days after sowing and final cuttings. NDF values are crucial for
livestock ration formulation as they indicate the amount of forage an animal can consume. However,
acid detergent fibre values signify the strength of an animal to digest fodder. The increase and/or
decrease of NDF and ADF percentage of fodder hampers the digestibility as well as the intake of
herbage, its higher values effects the intake, whereas its lower percentages affects the digestibility of
forage. The findings of the this study are in concurrence with the results of Ahmad et al. (2018) and
Dhaliwal et al (2020) who too reported no change in values of cell wall fractions on Zn application in
forage.

Crude protein (CP) is a key indicator of the protein content in forage crops and plays a significant role in
classifying fodder, quality assessment, and formulating rations for various animal categories, including
those for growth, lactation, and reproduction in ruminants. The results indicate that at 60 days after
sowing (DAS), the treatment with RDF, soil application of ZnSO₄ at 25 kg/ha, and foliar spray of ZnSO₄ at
0.5% at 45 DAS showed the highest crude protein content, which was statistically similar to the
treatment where zinc was applied both through soil incorporation and foliar spray, compared to single-
mode applications (either soil or foliar). Similarly, at the final cutting, the combination of RDF, soil
application of ZnSO₄ at 25 kg/ha, and foliar spray at 0.5% at both 45 and 90 DAS resulted in the highest
crude protein content, which was statistically comparable to all treatments where zinc was applied in
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both soil and foliar forms. This increase in crude protein content is likely due to the positive impact of
zinc on nitrogen metabolism, leading to the accumulation of amino acids, enhanced protein synthesis,
and consequently, higher crude protein content. The application of zinc in both soil and foliar forms
enhanced its concentration in plants, which is associated with RNA and ribosome induction, a probable
mechanism for the accelerated protein synthesis. Similar results have been reported by previous studies
(Joshi et al., 2007; Deisa et al., 2012; Sutaria et al., 2013; Ahmad et al., 2018; Dhaliwal et al., 2020; Saha
et al., 2020).

Soil studies
Concerning changes in soil properties, zinc fertilization did not show any significant variation in soil
properties after harvest over initial status. This might be due to the short growing period of oat crop.
However minute variations between the treatments through insignificant was observed. These findings
are in close conformity with the findings of Sutaria et al. (2013) and Durgude et al. (2019).

CONCLUSIONS
Based on the findings of a one-year study, it can be concluded that the variety JHO-851 exhibited the
highest nutrient uptake and quality parameters. The combination of soil application of ZnSO₄ at 25 kg/ha
with foliar sprays at 0.5% resulted in the maximum zinc enrichment, as well as improved nutrient uptake
and quality characteristics. In summary, the effectiveness of soil-applied zinc was significantly enhanced
when supplemented with foliar zinc sprays at 0.5%, fulfilling the study’s objective of fortifying fodder
oats with zinc.
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Figure 1
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