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Abstract

The optimization of fertilization techniques allows for the attainment of a
high-quality and high-yield crop, resulting in economic gains and mitigating any
environmental risks. The regulation of nitrogen (N) and sulphur (S) is of para-
mount importance in wheat cultivation, as both macronutrients play a critical
role. Both factors have a substantial influence on the enhancement of growth
and yield characteristics. Furthermore, the elements S and N are also crucial in
facilitating the augmentation of seed protein levels. Nevertheless, the current
requirement is to determine the most suitable application rate in order to at-
tain the highest possible wheat output. Hence, the present study was designed
to investigate the effects of varying application rates of S and N on wheat. The
experimental design consists of ten treatments, namely: control (no nitrogen (ON)
+ no sulphur (0S)), 40 kg ha?N (40 N + 0 S), 80 kg ha™ N (80 N + 0 S), 120 kg
ha'N (120N + 0 S),40 kg N ha' + 15 5,80 kg N ha™ + 15 5,120 kg N ha™ +
155,40 kg Nha' N + 30 5,80 kg N ha' + 30 S,and 120 kg N ha + 30 S. Each
treatment is replicated three times. The findings of the study indicated that the
inclusion of 120 kg N ha'! + 30 S resulted in considerable enhancements in many
plant characteristics, including plant height (5.77 + 0.39%), number of tillers (9.67
+ 0.47%), fresh weight (54.80 = 1.55%), grains per spike (34.00 + 0.82%), number of
spikes (5.77 = 0.39%), and 1000 grain weight (44.97 £ 0.57%). The efficacy of 120
kg N ha + 30 S in improving grain N content (2.95 = 0.06%), N uptake (86.37 =
1.07%), and protein content (18.44 + 0.36%) in wheat was confirmed, highlighting
its large impact compared to the absence of N and S fertilization. In summary, the
treatment involving the application of 120N + 30S demonstrates superior efficacy
in promoting the attainment of optimal wheat production. It is recommended
that further investigations be conducted to examine the effects of varying soil
textures and meteorological circumstances on wheat growth and yield enhance-
ment. These investigations should be carried out in diverse geographical regions,
in order to determine whether this specific amendment is the most effective for
promoting wheat growth and improving output.

Keywords

Life on land, Responsible crop production, Zero hunger, Ammonium nitrate,
Kieserite, Efficacy of fertilizers, Sustainability, Nutrient use efficiency

Introduction

Wheat, one of the first plants to be domesticated, has been a mainstay of the
diets of ancient civilizations spanning Europe, West Asia, and North Africa for a
very long time [1]. In many accounts, the domestication of wheat marked a turn-
ing point as human societies transitioned from a hunter-gatherer and nomadic
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pastoralist lifestyle to an active agricultural existence. Hu-
manity's continued existence and prosperity depend critically
on wheat farming. Environmental conditions, fertilizer use,
and the genotype being cultivated are just a few of the many
variables that might affect the crop's quality and yield. Most
cultivars are bred for better milling efficiency, higher protein
content, and enhanced baking qualities [2]. Wheat, a com-
modity grown all over the world, is extremely valuable now
due to its economic importance. This grain, together with rice
and maize, is extremely important as a staple diet because they
account for more than 90% of the world's cereal consumption
combined. In 2018, 214 million hectares of land were devoted
to wheat production around the world. The average yield was
about 3.4 tons per acre, resulting in a total production of 734
million tons [3]. Therefore, it is crucial to significantly improve
the growth and quality attributes of wheat in order to obtain
the potential health advantages associated with wheat grains.
Agricultural observations have shown a correlation between
efficient nutrient utilization and the commercial yield of ce-
reals.

'The capacity of plants to maximize their uptake of nutri-
ents from the soil is referred to as nitrogen usage efficiency
(NUE). It also helps agricultural plants store, use, and redis-
tribute nutrients via their internal transport channels. Plants
grown on a mix of organic and inorganic soil substrates have
a higher NUE because of their structural properties and root
growth [4]. Furthermore, NUE is significantly influenced by
irrigation and fertilizer management. Therefore, fertilizers have
been refined to provide the highest possible concentration of
nutrients. When it comes to growing plants, N is the most
crucial of all the necessary nutrients. An important part of
chlorophyll is. The biological process of photosynthesis serves
an essential purpose. The application of N fertilizer manage-
ment practices has been found to provide large gains in grain
weight and total crop productivity, notably in cereal crops.
However, increasing the amount of protein in wheat grains is
frequently seen as an essential part of quality because of the
positive effects it can have on human health. The increase in
protein content is also reported to have a beneficial link with
the delivery of N fertilizer [5]. As a result, controlling N levels
is essential for wheat farming. Plant-based amino acids like
methionine and cysteine contain S in considerable amounts.
By improving the reduction mechanism, the S balance update
slows down oxidative activities. More importantly, it facilitates
increased grain output, which is a major factor in increasing
wheat productivity. Optimal N utilization, especially in pro-
tein component synthesis, is credited in the literature to S
presence [6]. Because N activity can't reach its peak without S,
the production of protein-rich biosynthetic output is depen-
dent on its existence. As a result, the current research was con-
ceived with S and N significance to wheat in mind. The goal
of this research was to increase wheat grain protein content
and yield quality by filling up the knowledge gap on the best
way to apply balanced S and N as a standalone amendment or
in tandem. Our research shows that there is a dearth of infor-
mation about how much N and S should be applied to wheat
fields in order to maximize yields [7]. This investigation is the
first of its kind to examine the synergistic effects of N and S
amendments on wheat grain quality and yield. The primary

goal of this research was to examine the effects of N and S on
wheat growth and yield, specifically looking for beneficial and
detrimental effects. There exists a notion stating that the si-
multaneous application of N and S may act as a more effective
technique for improving both crop yield and protein levels in
wheat.

Materials and Method

Experimental location and layout

A field experiment was conducted at the research farm of
the agronomy department of Lovely Professional University,

Phagwara with latitude.

The farm is located at an elevation of 250 m, near the
intersection of latitude 310 22’ 31.81" North and longitude
750° 23" 03.02" East and 20 Km away from Jalandhar city in
Punjab, India. The experiment was laid out in a randomized
complete block design with a set of 10 treatments to perform
the study trial.

Key objectives of the study

e To study the effect of different N and S fertilizer rates
and their interactions on the time course of N uptake
during wheat ontogeny.

e To assess the effect of different N and S fertilizers
and their interaction on nutrient use efficiency and its
components.

Chemical details

N -40 kg N, 80 kg N, and 120 kg N ha* {N applied from
ammonium nitrate (34% N)} and S - 0 kg, 15 kg, and 30 kg

Application of fertilizers

40 kg N applied from ammonium nitrate before sowing.
80 kg N - 40 kg N at sowing + 40 kg at beginning of shoot-
ing. 120 kg N - 40 kg N at sowing + 40 kg N at beginning of
shooting and 40 kg N at heading stage.

S15kg - (10 + 5 kg)

10 kg S applied before sowing in form of Kieserite
(MgSO,.H,0). 5 kg S applied in form of (MgSO,.7H,0) as

foliar application.

$30 kg (20 + 10 kg)

20 g applied before sowing in form of kieserite. 10 g
applied inform of (MgSQO,.7H,0) as foliar application.

Instruments used for experiments
e Kjeldahl method (for N).
e Spectrophotometer (for phosphorous).
e Flame photometer (for potash).
e Oven (for soil drying).
e Spectrophotometric tubes or cuvettes (for S estimation).
e pH meter (for soil pH).

¢ Ec meter (for soil Ec).
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Soil characteristics

To conduct a physiochemical examination of the pre-ex-
perimental soil, three replicates of the sample were obtained.
The region receives an average of 630 mm yr™ rainfall, about
80% of which occurs from June to September. Mean maxi-
mum and minimum temperatures are respectively 43 °C and
18 °C during the year. Soil pH, electrical conductivity, organic
carbon, phosphorus, and potassium content in surface (0-15
cm) soil layer of the experimental sites ranged from 7.5 - 8.0,
0.13-0.24dsm",4.7-55 gkg?,13.1 - 28.5 kg ha'and 111
- 145 kg ha™, respectively. The composite sample was prepared
by combining all the duplicates, and subsequent characteri-
zation was conducted following established techniques. Soil
samples were obtained from each plot for the post-experiment
setup.

Wheat seeds

Wheat variety HD 3086 was used in the experiment. A
new bread wheat variety, HD 3086 (pusa gautami) has been
released and notified by the central sub-committee on crop
standards, notification, and release of varieties for agricultural
crops, Government of India for commercial cultivation under
timely sown irrigated conditions of Northwestern Plains Zone
(NWPZ) of the country. Initially, weak, and damaged seeds

were screened out manually before sowing.

Experimental Detail

The total number of treatments were 10 and the plot size
was (5 m x 4 m) with a row-to-row distance of 22.5 cm. Each
treatment was replicated three times. The treatments were: T :
no fertilization (control); T,, T,, T, - 40 kg N, 80 kg N, and
120 kg N ha™ respectively, with O S fertilization as N applied
from ammonium nitrate (34% N); T,, T, T, - 40 kg N, 80
kg N, and 120 kg N ha™ with 15 kg S ha™ was introduced
with fertilizer A (ammonium nitrate and Kieserite , 26% N
and 22.2 % SO,), T, T, T, - 40 kg N, 80 kg N, and 120 kg N
ha with 30 kg S ha? was introduced with fertilizer B (am-
monium nitrate and Kieserite + MgSO,.7H,0). The N source
utilized in this study was ammonium nitrate. Prior to sowing,
10 kg and 20 kg of S were applied in the form of Kieserite.
Additionally, 5 kg and 10 kg of S were applied as a foliar spray
in the form of MgSO,.7H,O. Phosphorus was administered
prior to the seeding of wheat at a rate of 387 kg/ha™ of single
superphosphate (SSP). N was administered at the initial stage
of spring vegetation, with a dosage of 50%. It was also supplied
before the commencement of the stem elongation phase, with
a dosage of 30%. Additionally, N was administered prior to
heading, with a dosage of 20%. The wheat crop was harvest-
ed when the grains reached full maturity, and thereafter, the
quantity of grain yield was assessed. Four different irrigation
methods were utilized in the growing of wheat. The sequence
of the watering schedule consisted of four stages: crown root
initiation, tillering stage, heading stage, and milky stage/soft
dough. The process of harvesting was conducted after the
plant reached its physiological maturity. The data was collected
in accordance with the methodology outlined below.

Growth parameters

Data on plant height (cm), flag leaf length (cm), number
of tillers, fresh weight (g), dry weight (g), chlorophyll index
(SPAD) was recorded by five randomly selected plants from
each subplot, and after that, the average values were deter-
mined.

Yield attributes

Number of spikes per plant, length of spikelet and num-
ber of grains per spike: Number of spikes per plant and length
of spike was measured. Randomly, 10 plants were selected and
threshed, and grains were counted independently per spike
and the average was taken.

Test weight (g), grain yield, straw yield, biological yield
and harvest index: The determination of the thousand grain
weight involved the process of separating and weighing 1000
grains from each subplot using an electronic scale. The plants
obtained from four central rows for the purpose of measur-
ing grain yield were subjected to the process of sun-drying,
threshing, and cleaning. The resulting weight of the grains
was then duly documented. The conversion of grain weight
was performed to express the measurement in kg/ha™. The
concept of biological yield refers to the quantity of biomass
produced by a living organism or a biological system. In each
subplot, the plants were harvested and afterwards subjected to
a drying process. Following the drying process, the plants were
weighed, and the measurements were converted into kg/ha™.

N content in the soil (mineral N)

'The Kjeldahl method was employed to ascertain the pres-
ence of mineral N in the soil. A soil sample weighing 2 gm was
collected and placed into a flask, followed by the addition of
100 milliliters of a 1 molar potassium chloride (KCl) solution.
Subsequently, the flask was subjected to mechanical agitation
in a shaker for a duration of 1 h to ensure thorough mixing.
Following the shaking process, the soil solution underwent
filtration using a Whatman 42 filter paper. Subsequently, a
quantity of 20 ml from the filtered sample was transferred into
a wolf bottle, to which 0.2 g of MgO and 0.1 g of Devarda's
alloy were introduced for the purpose of reclaiming mineral
N. Subsequently, the substance underwent distillation in the
presence of a 5 ml solution containing a mixture of boric acid
and an indicator. When the volume of the flask reached 70 ml,
the distillation process was halted. Subsequently, the solution
in the conical flask was titrated against a 0.005 N HCI solu-
tion until a bright pink color was observed. Subsequently, the
titration process was halted, and the measurement was duly
recorded [8].

S content in the soil

A soil sample weighing 25 g was collected and placed in
a conical flask with a volume of 250 ml. Subsequently, it was
combined with 50 ml of a CaCl, extracting reagent with a
concentration of 0.001 M. The mixture in the flask underwent
agitation for a duration of 30 min, followed by filtration using
a Whatman 42 filter paper. The 1 ml extracted sample was put
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into a 50 ml test tube and subsequently diluted to a final vol-
ume of 6 ml using distilled water. Subsequently, a volume of 3
ml of a composite acid reagent was introduced and well mixed
with 1 ml of acid sulphate. Next, a quantity of 0.5 grammes of
BaCl,.2H,O crystal was introduced into the mixture, ensuring
full mixing. The resulting solution was then left undisturbed
for a duration of 3 min. Subsequently, 1 milliliter of the gum
acacia reagent was added to the mixture and once again stirred
completely. The spectrophotometer was utilized to measure
the absorbance of SO -S at a wavelength of 420 nm, employ-
ing a standard solution [9].

N content in grains

'The determination of N content in grains was conducted
using Kjeldahl's technique. In this experimental procedure, a
total of 0.2 grammes of finely powdered samples were col-
lected and placed into a digestion tube. To this, 3 ml of con-
centrated HCIO, were added, along with 0.01 grammes of a
digestion mixture consisting of CuSO,.K SO, and selenium
powder. The combination was then heated at a temperature
of 45 'C for a duration of 4 to 5 h. Following the process of
digestion, the resulting volume was adjusted to 100 ml using
distilled water. Subsequently, a quantity of 20 ml from the
digested sample was transferred into a wolf bottle, to which
4 ml of NaOH was introduced. This combination was then
subjected to distillation against 5 ml of a boric acid mixture
indicator solution. When the capacity of the flask reached 70
ml, the distillation process was terminated. Subsequently, the
solution in the conical flask was subjected to titration using a
0.005 N HCI solution until a faint pink coloration was ob-
served. Subsequently, the titration process was ceased, and the
measurement was duly recorded. The concentration of N was
determined using 1 ml of 0.005 N hydrochloric acid (HCI),
which is equivalent to 70 pg of N. The process of S uptake in
plants. The S concentration in the plant was quantified and af-

terwards multiplied by the biological yield of plants collected

from the field, divided by 100, in order to calculate the overall
uptake of S in the plant [9].

Protein content in the grain

To ascertain the protein content, the initial step was re-
cording the total N content present in the samples. The re-
corded N data was multiplied by a factor of 6.25 in order to
determine the protein level present in the grain [8].

Statistical analysis

'The standard statistical procedure was used for the statis-
tical analysis of data. SPSS 22 vs. software was chosen for the
analyses of variance (ANOVA), Pearson correlation, and the
mean was compared (i.e., interactive effect of N and S) using
the least significant difference test at p < 0.05.

Results and Discussion

Growth parameters

Plant height, tiller count, and total weight were all no-
ticeably influenced by whether or not N and S were applied
together or separately. The height of the plant is the most
important factor in its development and productivity (Table
1). Plant height varied noticeably across all treatments. The
results were much better with the addition of 40, 80, and 120
kg N compared to having neither N nor S. Increased N assim-
ilation in plants likely accounted for the highest plant height
(96.51 cm) in the 120 kg N + 30 kg S ha™ treatment, which
was also tied with the 120 kg N + 15 kg S treatment (96.01
cm) due to an increase in leaf surface area and the synthesis of
chlorophyll. The ideal synthesis of photosynthate in the plants
was achieved by increasing both the leaf surface area and the
chlorophyll content. Boosting photosynthate production pro-
vides plants with more energy, which in turn causes them to
grow taller. This finding agrees with those of Dhillon et al.[10]

Table 1: Effect of N and S fertilization on growth of wheat.
Treatments Plant height (cm) | Chlorophyllindex (SPAD) | Fresh weight (g) | Dry weight (g) | Tillers per plant | Flag leaflength (cm)
TO - Control 76.80 + 1.18 38.80 + 1.71¢ 33.97+1.37° | 8.08+0.90 3.33+0.47° 9.80 + 1.10¢
T1-40kgN+0kgS 84.09 + 1.30° 41.07 = 2.20¢ 43.83 + 1.36¢ 15.37 £ 0.96° 3.33£0.47° 11.47 = 1.12f
T2-80kg N +0kgS 86.30 = 0.45¢ 4124+ 1.6 45.50 £0.98« | 17.29 £+ 0.41« | 448 £ 0.41° 12.00 = 0.66
T3-120kg N +0kg S 91.46 = 0.84¢ 45.59 £ 1.25¢ 46.90 = 1.26¢ 17.90 + 0.96 6.67 +0.47¢ 13.40 + 1.37<
T4-40kgN +15kg S 86.27 + 0.83¢ 46.23 = 0.83¢ 45.50 + 0.70 | 17.41 + 0.87 5.00 + 0.82¢ 12.10 + 0.62%F
T5-80kgN+15kg S 91.52 +0.82¢ 46.72 £ 1.11° 46.67 +0.94 | 18.38+0.63* | 6.33 +0.47« 14.67 £ 0.90*¢
T6-120kg N +15kg S| 96.01 = 1.0%b 47.83 £1.52¢ 47.63 + 0.90° 19.23 +1.10™ 8.33+0.47 15.27 + 0.49®
T7-40kg N +30kg S 93.77 + 1.19¢ 50.62 + 0.87° 43.90 + 0.50¢ 17.03 + 0.59% 5.33 £ 0.47% 13.67 = 0.32"
T8-80kg N +30kg S 94.16 + 1.20 52.29 + 0.86" 49.57 £ 0.69" 20.53 = 1.30° 8.33 +0.47° 15.27 + 0.95®
T9-120kg N +30kg S| 96.51+0.82* 54.94 = 1.25* 54.80 +1.55* | 24.26 + 1.16° 9.67 £ 0.47° 16.03 £ 0.76°
Note: Data is in the form of mean + SDM at p < 0.05. The mean followed by different letters was significantly different at p < 0.05, according to DMRT
for separation of means.

Journal of Food Chemistry & Nanotechnology | Volume 9 Supplement 1, 2023

S520



Effect of Nitrogen and Sulphur Fertilization on Growth, Yield, Quality, and Nutrient
Status of Soil of Wheat (Triticum aestivum) var. HD3086 (Pusa Gautami) Crop

Sharma et al.

and Jirvan et al. [11]. 80 kg N + 30 kg S ha™ yielded the sec-
ond-tallest plants (94.16 cm). In the control plots, plant height
was measured at its lowest (76.8 cm). The chlorophyll index is
proportional to the degree to which a plant is green. The 80
kg N + 30 kg S ha! treatment produced the second-highest
chlorophyll index (52.29 SPAD), after the 120 kg N + 30 kg
S ha™ treatment (54.94 SPAD). Plants need to take in a lot of
N’s because it's a macronutrient they can't survive without. It
aids in the promotion of vegetative growth, which includes the
expansion of roots and leaves. Protein and chlorophyll synthe-
sis in wheat cannot occur without N. Because of its presence
in many amino acids and proteins, S plays a crucial function in
promoting plant growth. It plays an important role in photo-
synthesis [12]. The lowest chlorophyll readings were found in
the control group (38.80 SPAD). It is possible that the pres-
ence of N and S, which is of great importance due to the need
to maintain equilibrium between these elements, led to the
highest fresh weight and dry weight, respectively (54.8 g and
24.26 g),in the 120 kg N + 30 kg S plot, followed by the 80 kg
N + 30 kg S plot, with 49.57 g and 20.53 g. Wheat requires S
for proper N utilization in order to grow. Together, these two
crucial substances promote protein synthesis and stimulate
development throughout plants. Least fresh weight and dry
weight (33.9 g, 8.08 g) was reported in the control plot due to
no application of fertilizers. The weight of a plant can be in-
creased by the development of tillers, which are lateral branch-
es. The number of tillers showed wide ranges of variance. Til-
lers per plant were highest in the 120 kg N + 30 kg S ha™! plots
(9.67), then in the 80 kg N + 30 kg S ha™ plots (8.33), possibly
because N stimulates cell division. It has been discovered that
cell division plays a critical role in promoting the development
and expansion of plant shoots. The findings in Belete et al.
[13] and Salvagiotti and Miralles [14] are consistent with this
outcome. Lowest number of tillers (3.33) recorded in control
plot. The 120 kg N + 30 kg S ha™ treatment resulted in the
longest flag leaf length (16.03 cm), while the control due to no

fertilizer application resulted in the shortest (9.8 cm).

Yield parameters

All the parameters that may be used to predict the yield
showed substantial variation. The key factors that determine
yield are the number of spikes, the number of grains per spike,
and the length of the spike. The highest number of spikes
(5.77 ha) were found in plots that had 120 kg of N and 30

kg of phosphorus applied per hectare. This was followed by
plots that had 80 kg of N and 30 kg of phosphorus applied
per hectare, suggesting that adequate provision of these es-
sential nutrients may encourage vigorous vegetative growth,
leading to increased tiller production and, ultimately, a great-
er number of grain sites. This finding is consistent with the
conclusions of Salvagiotti and Miralles [14]. Control showed
the fewest spikes (1.83). The longest spikes were found in the
control group (17.57 c¢m), which was on par with the 80 kg
N + 30 kgs ha! group (16.07 cm) (Table 2). The presence of
both N and S is essential for wheat to grow and develop to
its full potential, resulting in the construction of a strong and
high-yielding spike. Use of these vital minerals to their full
potential helps the wheat spike expand, which in turn increas-
es grain production [15]. Least spike length (6.37 cm) was
found in control where no fertilizer applied. Since the creation
of a favorable environment for tiller growth and the provision
of adequate nutrients for the crop, the concurrent use of the
S and N balance approach resulted in a significant increase in
the quantity of grains/spikes observed in wheat, with a maxi-
mum of 34 grains/spike recorded in 120 kg N + 30 kg S ha™.
The combination of 80 kg N and 30 kg S ha™ yielded the
second highest value (32). There were fewer grains per spike
in the control group (19.61). As a result of the need for ade-
quate amounts of N and S in the process of grain-filling, the
highest test weight (44.9 g) was obtained in 120 kg N + 30 kg
S ha™. 'The nutrients play a significant function in aiding the
wheat plant's ability to develop larger and more substantial
grains, thereby boosting both the overall yield and quality of
the grain, and lowest observed in those plots where no fertil-
izer applied. The research in Carciochi et al. [16] was similar.
Maximum grain production and straw yield (4784.67 kg ha™
and 6237 kg ha™) was obtained in those plots where 120 kg N
and 30 kg S applied. The control group had the lowest yields of
both grain and straw (2495.6 g ha™ and 3625.33 g ha™). Grain
and straw yield are added together to form the biological yield.
The plots that received the least amount of fertilizer (-6121
kg N + 30 kg S ha) had the lowest biological yield (6121 kg
ha) and the highest (11021.67 kg ha*). Wheat requires both
N and S to grow to its full potential, hence the availability of
both elements is crucial to wheat farming. S aids N utilization,
thus applying a proper amount of it is important for prevent-
ing nutritional imbalances and fostering both grain and straw
growth. This result is consistent with that of Shi et al. [17].

Table 2: Effect of N and S fertilization on yield parameters and yield of wheat.

Treatments Nunfber of Le.ngth of Gra.ir.ls per Test weight (g) Grainyield (kg | Strawyield (kg Biological yield Harvest index

spikes spike (cm) spike ha) ha) (kg ha™) (%)

TO - Control 1.83+0.245 | 6.37+0.86¢ | 19.67 =1.257 | 37.97 = 0.54" | 2495.67 +39.63' | 3625.33 £ 99.06' | 6121.00 + 135.37" 40.78 £ 0.36¢
T1-40kgN+0kgS 3.67+0.09° | 11.30 + 1.34° | 24.00 + 0.82¢ | 40.22 +0.31¢ | 3378.33 + 33.59" | 4486.00 + 57.91" | 7864.33 + 91.085 42.96 + 0.09<
T2-80kgN+0kgS | 3.77+0.15¢ | 1417 +1.03 | 26.00 + 0.82 | 41.86 + 0.30 | 3604.67 = 44.58¢ | 4840.00 = 53.05¢ | 8444.67 + 96.13 42.69 +0.10d"
T3-120kg N +0kgS | 450+ 026 | 14.87 £0.66™ | 28.33 +0.94° | 42.19 +0.51« | 4371.00 + 36.67¢ | 5660.33 = 91.07c | 10031.33 + 119.28° | 43.58 + 0.29*
T4-40kg N +15kgS |3.90 +0.14%" | 14.03+0.38° | 23.67 + 0.47° | 41.39 £0.70* | 3575.00 + 29.635 | 5066.67 + 79.67* | 8641.67 + 108.83" 41.37 £0.19°
T5-80kgN+15kgS | 4.38+0.30 | 15.57 £0.60™ |26.67 = 0.94° | 42.50 + 0.53"¢ | 3709.67 + 55.84' | 4887.67 + 8.73% | 8597.33 + 60.14" 43.15 + 0.35b

T6-120kg N +15kg S | 4.83 +0.28" | 16.33 = 1.06™ | 31.67 + 1.25" | 43.73 +0.77® | 4475.67 + 31.48> | 6061.00 + 63.94* | 10536.67 + 94.81" 42.48 +0.10°

T7-40kg N +30kgS | 463 +0.11* | 15.17 £ 1.03" | 28.00 + 0.82«¢ | 42.47 + 0.71™ | 3940.00 + 46.88 | 5040.33  59.72¢ | 8980.33 + 91.00° 43.87 + 0.31*

T8-80kg N +30kgS | 5.19+0.55" | 16.07 + 0.76™ | 32.00 = 0.82" | 43.60 = 1.02* | 4073.33 + 53.54¢ | 5218.33 + 91.19¢ | 9291.67 + 137.33¢ 43.84 + 0.26*

T9-120kgN+30kgS | 5.77+0.39* | 17.57 +0.54* | 34.00 + 0.82* | 44.97 +0.57* | 4784.67 + 83.05* | 6237.00 + 86.98* | 11021.67 + 170.00* | 43.41 + 0.08*
Note: Data is in the form of mean + SDM at p < 0.05. The mean followed by different letters was significantly different at p < 0.05, according to DMRT
for separation of means.
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Soil nutrient status

Soil mineral N concentrations (in mg per kg) showed
substantial variance between treated and untreated plots. The
plots that received 120 kg N+ 30 kg S ha™ had the highest
concentration of mineral N (17.10 mg). 80 kg N + 30 kg S ha™
had the second greatest concentration of mineral N (13.30
mg). The lowest amount of mineral N was found in the control
group (7.2 mg). When applied to soil, ammonium nitrate-de-
rived N undergoes a transition that results in the mineral form
as ammonium (NH,") ions. Ammonium N is readily available
for use in the rapid expansion of wheat and is readily taken up
by plants. Application of 120 kg of N has the ability to raise
mineral N concentrations in the soil. The increased availabil-
ity of this mineral N can help stimulate vigorous vegetative
growth and the maturation of grains. Plots that received an
external application of S had a higher soil S concentration (mg
kg!) than control plots that received no S. Soil samples taken
from 120 kg N + 30 kg S ha! applied plots showed the highest
value of soil mineral S (32.87 mg), while the control samples
showed the lowest S concentration (15.4 mg). Since kieserite
is a naturally occurring mineral composed of magnesium sul-
phate (MgSO),), the S it yields is already in a mineralized form.
Sulphate (SO,*) ions, which are provided by kieserite when
it is worked into the soil, are a readily available source of S
for plant uptake. S plays a critical part in several physiological
processes within plants, spanning the creation of amino acids,
proteins, and enzymes. Sufficient amounts of S are necessary

for optimal wheat development and grain quality [10, 11].

Nutrient uptake by plants

Compared to other doses (Table 3), grain and straw nu-
trient absorption increased up to 120 kg N and 30 kg S ad-
ministered. The 120 kg N + 30 kg S ha™ treatment resulted in
the highest grain N content (2.95%), followed by the 120 kg
N + 15 kg S ha' treatment (2.55%). The control grain sam-
ple had the lowest N concentration (0.41%). Protein content
ranged from a high of 18.44% in 120 kg N + 15 kg S ha™ to
alow of 2.54% in the control. Where 120 kg N + 15 kg S ha™
was treated, plant N absorption was highest (86.37 kg ha),
whereas it was lowest (23.3 kg ha?) in control plots. The 120

kg N + 15 kg S ha™ treatment resulted in the highest uptake
of S (24.7 kg ha™), followed by the 120 kg N + 15 kg S ha™
treatment at 22.93 kg ha™ S. S absorption was lowest (2.91
kg ha™) in unfertilized areas. Both the wheat leaves and the
wheat grains have more protein after being fertilized with N.
The protein content of both grains and leaves was observed
to increase after S treatment. Plants are able to take in more
N because of the boost in protein content. S is essential in
protein synthesis. In addition, it stimulates vitamin produc-
tion and the activation of numerous enzymes that are essential
in the synthesis of amino acid structures. Ultimately, it was
the increase in amino acid synthesis that led to higher protein
content in plants. There is a statistically significant link be-
tween increased N supply and a rise in all protein components.
However, the impact of this correlation on the quality of grain
protein is dependent upon the exact type of crop being farmed.
This is because of differences in how the N in the soil is used.
Findings from Shi et al. [17], and Ghadamkheir et al. [18]

were consistent with these studies.

Correlation

All of the graphical growth and yield metrics in figure 1
were shown to have a positive connection according to Pear-
son's analysis. The N content of the grain, the soil, and the
amount of N taken up by the plant all increased in direct pro-
portion to the amount of N applied in the experiment. Soil S
concentration was found to correlate positively with plant S

Correlations

2 Plant height
- Chiorophyll
. S 2 index
7 - o O wesn waignt
2 Dry weight
Tillers
‘% Flag leaf length
|

~ Mumber of
Spikes
length of spike
s por

Values
0

Shike
9.4 }'; Testwaight

S Graim e
w yield
0.2 k) Bilological yleld
Diareaet mien

W concemration

o3 conceniration

T Grain M content

2 Protain content
S
35 iprane

c
C

E

Variables

Figure 1: Pearson correlation for studied wheat growth, yield, quality, and

soil attributes.

Table 3: Effect of N and S fertilization on soil nutrient status and nutrient uptake by plants.
Treatments Soil mineral Soil S concentration Grain N Protein N uptake by plant | S uptake by
nitrogen(mg/kg) (mg/kg) content % content % (kg/ha) plant (kg/ha)
T0 - Control 7.20£0.29' 15.40 + 0.90¢ 0.41 £ 0.05 2.54 +0.30 23.30 £ 0.62 2.91£043"
T1-40kgN+0kgS 11.37 £ 0.37¢ 22.33 £ 0.65¢ 0.97 £ 0.04 6.08 £ 0.26! 41.93 £ 0.49" 7.82 £ 0.64
T2-80kgN+0kgS 13.77 + 0.45° 25.30 + 0.59¢ 1.27 = 0.03" 7.94 +0.18" 44.97 + 0.29¢ 11.91 + 0.39"
T3-120kg N+ 0kg S 15.13 + 0.46° 26.70 £ 0.67" 2.06 = 0.04¢ 12.90 + 0.24¢ 69.37 £ 0.99¢ 13.97 £ 0.29°
T4-40kg N +15kg S 9.63 £0.29" 25.47 +0.94 1.47 £ 0.028 9.19 £ 0.158 51.30 = 1.06 13.70 + 0.54
T5-80kg N +15kg S 12.30 £ 0.78% 27.00 £ 0.65" 1.81 +0.05° 11.31£0.33¢ 52.77 + 0.58 15.90 = 0.65¢
T6-120kg N +15kg S 15.73 £+ 0.37° 31.70 + 0.65* 2.55+0.04° 15.94 £ 0.23 81.23 £ 0.98 22.93+037
T7-40kg N +30kg S 10.90 = 0.738 26.50 = 0.70>¢ 1.59 = 0.04 9.96 + 0.26 53.50 + 1.15¢ 15.79 + 0.75¢
T8-80kg N +30kgS 13.30 + 0.70%¢ 27.63 £0.58 2.26 + 0.06¢ 14.13 £ 0.37¢ 71.90 + 1.42¢ 18.80 + 0.65°
T9-120kg N +30kg S 17.10 = 0.65° 32.87+0.34 2.95 £ 0.06a 18.44 + 0.36a 86.37 £ 1.07* 24.70 + 0.29*
Note: Data is in the form of mean + SDM at p < 0.05. the mean followed by different letters was significantly different at p < 0.05, according to DMRT
for separation of means.
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concentration and with the amount of S applied to plants. It
was also found that the biological yield, grain yield, and 1000
grain weight were all positively correlated with the number of
applications (N). However, the S level biological yield, grain
yield, and 1000 grain weight demonstrated a positive, albeit
statistically insignificant, association. The S levels in soil and
plants were, however, strongly correlated. The 120 N force ap-
plied. The remaining growth and yield characteristics showed
more variation when 120 N was applied.

Conclusion

As a whole, India imports a great deal of N fertilizer to
meet the demands of its farmers. After the green revolution,
farmers' minds were set on the idea that using the most fer-
tilizer possible would boost crop yields. This explains why fer-
tilizer use continues to rise among farmers. In conclusion, it
is reasonable to assume that both S and N have the potential
to increase wheat's growth, enhance yield qualities, and raise
protein levels. Growers of wheat can improve their yields by
applying a mixture of 120 N + 30 S kg ha to increase the
plant's ability to absorb N and S. This well-rounded treatment
has been shown to stimulate the expansion of wheat harvests.
The combination of 120 N + 30 S has the potential to signifi-
cantly increase wheat grain yields. The optimal ratio of N to S
for increasing wheat output is 120 kg of N to 60 kg of S. More
research on different wheat varieties in different soil textures is
recommended to determine if 120 N + 60 S is the best treat-
ment for maximizing crop yield.
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