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This study was carried at farmer’s fields to evaluate the recommended technology
enhanced the yield, return, input use and carbon yield of wheat during winter
season of season 2022-23 in the Sri Ganganagar district of Rajasthan. In this region,
wheat growers were mainly applied nitrogen and phosphorous based fertilizer,
while the Zinc (Zn) deficiency was also reported in soil. So, we demonstrated 100%
recommended dose of fertilizer (RDF) i.e. 120 N: 40 P kg/ha+ foliar application of
Zn sulphate @ 6.0 kg/ha at 40 DAS at randomly selected farmer’s field and compared
with farmers practices field under wheat crop. The average of examined data revealed
that the wheat yield was enhanced under demonstrated fields as compared to farmers’
practices. Similarly, net realization was also recorded higher under demonstrated
fields. The efficiency of applied fertilizer use, production and economics were also
recorded superior with 100% recommended dose of fertilizer (RDF) i.e. 120 N: 40 P
kg/ha+ foliar application of Zn sulphate @ 6.0 kg/ha at 40 DAS than farmer practices.
The grain and straw yield were improved with application of balance fertilizer treated
field as compared to farmer practice. This study concluded that the application of
balance fertilizer not only improved the productivity but also enhanced the efficacy
of critical input by the wheat crop.

INTRODUCTION

under-develop countries. Wheat occupies a central position
for the provision of micronutrients and 70% daily calories

Wheat is the staple food in many countries of the world
and provides the necessary calories and proteins. It's
micronutrient content is extremely low (e.g., Zn about 20-40
mg/kg). Therefore, the use of only staple food in daily diet

is a major cause of widespread micronutrient deficiency in
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in world countries. Among micronutrients, deficiency of Zn
is most common and widespread in wheat-growing regions.
Worldwide, about 50% of cultivated soils are found deficient
in bioavailable Zn (Cakmak, 2011). The problem of Zn
deficiency is associated with poor availability and higher Zn
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adsorption on soil particles owing to the higher pH of soils
(Hussain et al., 2011).

Although micronutrients are required in small amounts,
they play crucial roles in plant production at critical growth
stages (Janmohammadi et al., 2016). Zn has been found
useful in improving yield and yield components of wheat
(Ma et al., 2017) and adequately applied Zn has been shown
to improve the resource use efficiency of wheat plants. Low
availability of Zn in alkaline soils is one of the largest edaphic
factor affecting wheat production throughout the globe,
particularly in Australia, China, India, Pakistan, Turkey and
Iran. It has been reported that more than two billion people
in developing countries suffer from Zn deficiency (Grote
et al., 2021). Among cereals, wheat are more susceptible to
Zn deficiency, and a decrease in seed yield up to 80% along
with a reduction in seed Zn content has been observed under
Zn deficiency conditions. Pre-sowing soil application of Zn
sulfate is the most common approach to correct Zn deficiency
in wheat (Cakmak, 2008) and rice (Singh and Singh Shivay,
2015). In salt affected soils, Zn availability is usually very low
and Zn deficiency widespread. Foliar Zn application under
such conditions could be more effective than any other forms
of Zn applications. Foliar fertilization has the advantages of
low application rates, uniform distribution, and quick plant
responses to enrich essential micronutrients in crop grains
(Zhao et al, 2014).Accordingly, fertilizer management
with macro and micronutrients in plant nutrition is very
imperative for crop productivity and plants resistance
(Janmohammadi et al., 2016).

Previous studies was conducted under controlled condition
and examined the foliar application of Zn increased the grain
yield traits of wheat play an important role in biofortification
(Ramzan et al., 2020). While, very less scientific evidence
were observed at farmer’s fields or uncontrolled condition.
Therefore, the recent study was carried out with the
hypothesis that foliar Zn application would enhance the
productivity and net realization of wheat. We also aimed
to evaluate the efficacy of applied input and carbon yield of
wheat through foliar application of Zn sulphate alongwith
recommended fertilization.

MATERIALS AND METHODS

The frontline demonstration conducted at farmers’ fields
with wheat crop during winter season 2022-23 in the
Sri Ganganagar district of Rajasthan. The climate is arid
subtropical with large variation of temperature where
maximum temperature recorded up to 50 °C during summer
season (may, June and July) and lowest temperature
sometime observed as low as 0°C or even less during winter
season (December-January). The average annual rainfall is
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261mm with a coefficient of variation of 50%. The soil was
loamy-sand, alkaline in reaction (pH >8.2) having low level
of available nitrogen and phosphorus, medium in available
potassium, low level of sulphur and Zn content. Twenty five
farmers’ fields were randomly selected for the demonstration.
The demonstration were consisted100% recommended dose
of fertilizer (RDF) i.e. 120 N:40 P kg/ha+ foliar application
of Zn sulphate @ 6.0 kg/ha at 40 DAS. Farmers were also
advised to use 100% RDF as a farmers’ practice. The size of
selected fields for experiment was one acre (4000 m? at each
farmer’s fields. Wheat was sown at end of October to mid
of November with recommended seed rate i.e. 100 kg/ha.
Row spacing was maintained at 22.5 cm wide. Application
of Recommended dose of fertilizer was 100:40 kg/ha, out of
50% dose of N and 100 % P were applied as basal dose at the
time of sowing. Rest N were applied at first irrigation. Other
cultivation processes were kept similar for all the treatments.
Yield of wheat was recorded after harvesting and converted
in hectare basis.

Applied quantities of N, P and K through different fertilizers
were calculated (Kumari et al., 2021). Then, the yield was
divided by total applied quantity of each nutrient (N, P and
K) to estimate the partial factor productivity (Sharma et al.,
2023).

A simple economic analysis took into the cost of inputs and
return from selling of yield, which was computed using the
minimum support price of produce fixed by government
of India (GOI, 2023). The net income (INR./ha) and net
realization were calculated by using the following formula
given in eq. 1& 2, respectively.

Net returns = Gross returns (INR./ha)-cost & cultivation (INR./ha)
|

Gross returns (INR./ha)

B:Cratio= —
Cost 6 cultivation (INR./ha)

Production efficiency of different treatments was calculated
as a ratio of crop grain yield and crop duration (Days) (Saini
et al., 2019). The crop duration of 124 days was considered
for estimating the production efficiency of wheat. Economic
efficiency was determined by dividing net return (Rs/ha)
from crop, under different fertilizer treatments by crop
duration (days) (Saini et al., 2019). The crop duration was
kept same as for the estimation of production efficiency.
The concentration of carbon in wheat grain and straw were
assumed to be 400 and 352 g/kg (Singh et al., 2021). The
carbon yield in grain and straw were estimated by grain
or straw yield multiply by carbon concentration. The total
carbon yield was estimated by the sum of grain and straw



Sharma et al.

carbon yield.

The observed data of the investigation were statistically
analyzed by SPSS 20.0 version (SPSS Inc., Chicago, IL).
Statistical analysis and interpretation of observed data were
evaluated by using ANOVA technique of RBD and critical

difference (CD) at 5% level of significance.

RESULTS AND DISCUSSIONS

The data revealed that the wheat yield was significantly
affected through foliar application of Zn sulphate with 100%
RDF as compared to the farmer practice. The grain yield
was reported 9.41% higher with 100% RDF+Zn sulphate at
farmers’ field over than farmer practice. Similarly straw yield
under 100% RDF+Zn sulphate treated field was improved
740.79 Kg/ha as compared to farmer practice (Table 1). The
biological yield was also enhanced with application of 100%
RDF+Zn sulphate in treated field than farmer practice. Anwer
et al. (2021) found significantly enhanced plant growth
with Zn application. Arough et al. (2016) reported that Zn
increases chlorophyll content, enhances photosynthetic
activity, and improves overall plant growth. Bhat et al. (2017)
suggested that increased carbonic anhydrase activity due
to Zn application contributes to higher photosynthesis,
biomass, and yield. Additionally, Zn sulfate application
(both foliar and soil) was found to increase leaf number, leaf
area, and Chlorophyll Content Index in wheat, as noted by
Qamari et al. (2022).

Table 1: Yield of wheat influenced through foliar application of

Zn sulphate.
Treatment Yield (kg/ha)
Grain Straw Biological
100% RDF+Zn sulphate  4765.88 6174.12 10940.00
100% RDF 4356.00 5433.32 9789.32
SEm(+) 18.80 50.52 62.55
C.D. (p=0.05) 53.42 143.56 177.76

Economics of the study revealed that the cultivation cost
was recorded higher in 100% RDF+ Zn sulphate treated
field because of Zn sulphate was applied as foliar application
with the 100% RDEF. Gross and net returns were recorded
INR. 98367 and 68796/ha under 100% RDF+ Zn sulphate
treated field which was significantly higher than farmer
practice (Table 2). Similar trend of net realization was also
observed, the net realization obtained 2.34 under 100%
RDF+ Zn sulphate treated field which was significantly
higher than farmer practice (2.18). The economic feasibility
of a technology or recommendation is the key determinant
of its adoption by farmers.
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Table 2: Profitability of wheat crop influenced through application

of Zn sulphate

Treatment Cultivation Return (INR./ha) Net reali-
cost Gross Net zation
(INR./ha)*

100% RDF+Zn

sulphate 29571 98367 68796 2.34

100% RDF 28321 89726 61405 2.18

SEm(+) - 450.09  450.09 0.02

CD. (p=0.05) . 1279.14  1279.14  0.04

*INR./ha= Indian Rupees per hectare.

The nutrient use efficiency of applied nutrients was
statistically improved through foliar application of Zn
sulphate in wheat crop. The PFP of N and P were improved
and recoded 2.68 and 10.25 kg/kg, respectively, in 100%
RDF+ Zn sulphate treated field as compared to farmer’s
practice (Figure 1).The findings of this study align with
previous research, which has reported higher nutrient use
efficiency indices in rice and barley with lower nutrient
doses when fortified with Zn fertilizers (Reshma and Meena,
2021).The production efficiency was recorded lower under
farmer’s practice and significantly improved with application
of Zn sulphate with 100% RDF (37.23 kg/ha/day). Dass et al.
(2022) reported a significant improvement in the production
efficiency of soybean with foliar Zn application. On average,
Zn-treated crops exhibited a 30% higher production
efficiency compared to the control. The economic efficiency
was also shown similar pattern and obtained 537.47 INR./
ha/day under 100% RDF+ Zn sulphate applied farmers’
field which was significantly superior 57.74 INR./ha/day
than farmer practice (Figure 1). The increased economic
efficiency in Zn-treated plots is attributed to higher grain
yield and greater gross returns (Dass et al., 2022).
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Figure 1: Changes in fertilizer use, production and economic
efficiency of wheat crop through application of Zn sulphate
(significance at p=0.05)
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Application of Zn sulphate with 100 % RDF was significantly
improved the above ground biomass carbon yield (Figure
2). The carbon yield of grain and straw were obtained
1.91 and 2.17 Mg C/ha, respectively under 100% RDF+Zn
sulphate treated field which were 9.77 and 13.61% higher
than farmer’s practice (Table 4). Total carbon yield of above
ground biomass was obtained 4.08 and 3.65 under 100%
RDF+Zn sulphate and 100% RDF treated field, respectively.
The higher carbon yield of wheat under 100% RDF+Zn
sulphate treated field compared with 100% RDF treated field
indicates that balance fertilizer application had the highest
potential to fix carbon per unit of the amount of carbon loss
as GHG emission.
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Figure 2: Effect of Zn sulphate on above ground biomass
carbon yield in wheat (significance at p=0.05)

CONCLUSION

The wheat is the major winter crop in irrigated region of
Rajasthan but the productivity is low due to imbalance use of
fertilizer which is the one major factor. The Sri Ganganagar
soil belongs to low level fertility. So, the application of 100%
RDF alongwith foliar application of Zn sulphate @ 6.0 kg/ha
at 40 DAS was demonstrated at farmers’ fields and recorded
higher productivity and return per unit cost as compared to
farmer practice. This demonstration was also shown that the
application of 100% RDF alongwith foliar application of Zn
sulphate @ 6.0 kg/ha at 40 DAS enhanced the use efficiency
of applied fertilizer by the selected wheat growers. So, our
study recommended the application of 100% RDF alongwith
foliar application of Zn sulphate @ 6.0 kg/ha at 40 DAS which
help to improve the productivity of crop.
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