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ABSTRACT

As per 4Rs nutrient stewardship, the right timing and right rate of nitrogen
(N) are two important attentions for profitable and sustainable crop produc-
tion, particularly in the N deficient soil. The effectiveness of N utilization
depends on the appropriate timing and amount of N application as per the
crop demands at the critical stages of crop growth. The experiment was
carried out at the experimental field of Agrotechnology Discipline, Khulna
University, Bangladesh during the winter season of 2019-20 to investigate
into the effect of schedule and rates of N application on wheat growth, yield
and profitability. The experimental treatments comprised three application
schedules (66% at sowing and 34% at the 3-leaf stage; 50% at 3-leaf, 30% at
jointing and 20% at the booting stage; 50% at 6-leaf stage, 30% at jointing
and 20% at the booting stage) and three nitrogen rates (120, 92 and 80 kg
ha−1) with three replications. The yield attributes and yield of wheat were
substantially affected by the schedule and rates of N application yet growth
parameters were not significant. The highest grain yield, total dry matter,
grains spike−1 and 1000-seed weight were achieved from the application of
N @ 50% at 3-leaf, 30% at jointing and 20% at booting stages with 120 kg
ha−1. Statistically similar results were also attained by the same application
schedule with a reduced rate of N (92 kg ha−1) due to proper distribution
based on the crop requirement on different growth stages rather than the
usual practice with a higher rate of N. The maximum net return (BDT 50687)
and benefit-cost ratio (1.62) were found in the application of 92 kg ha−1 N in
three splits @ 50% at 3-leaf, 30% at jointing and 20% at booting stages. The
findings of this study revealed that the right application schedule reduces
25% N requirement and increases the grain yield of wheat.
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1 Introduction
The predicted growth in the world population from
7.4 billion in 2017 to 9.7 billion by 2050 is a major
driver of global cereal demand (Fukase and Martin,
2020). Among the cereals, wheat is one of the most
widely cultivated crops accounting one-third of the
cultivable lands and plays a vital role in feeding∼35%
people of the world as a staple food and also pro-
vides more calories and proteins in the diet of the
world people (IDRC, 2010; Li et al., 2016). In human
diets throughout the world, wheat has been acknowl-
edged as a significant source of protein due to its

high protein level (Grewal and Goel, 2015) and more
than half of the annually produced wheat is used for
human consumption (Pequeno et al., 2021). Wheat
production has made indisputable contributions to
food security as a result of recent improvements in
agronomic performance such as spike number, num-
ber of grains spike−1, 1000-grain weight, and average
grain yield for both winter and spring varieties (Qin
et al., 2015; Si et al., 2020). Wheat is grown on approxi-
mately 216 million hectares around the world (almost
25% of the total global area devoted to cereal crops),
with a total yearly production of over 765 million tons
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(Pequeno et al., 2021). In Bangladesh, wheat is the
second most extensively cultivated cereal next to rice,
yet the cultivable area of wheat is 0.8 million hectares
with the production of 1.9 million tons and the aver-
age yield is 3.30 t ha−1 (BBS, 2022) which are very low
compared to other leading wheat growing countries.
Europe produces most of it (Trnka et al., 2014) and
the second largest producer is India (Joshi et al., 2007).
However, limitations to the widespread cultivation
of wheat in Bangladesh are linked to several biotic
and abiotic factors including deficient nutrients in
soils particularly N and lack of thoughtful nutrient
management practices (Islam et al., 2018).

Among the nutrient elements, N is the most es-
sential macronutrient for crop growth and develop-
ment. Wheat is one of the most N demanding crops
in comparison to other cereals (Ladha et al., 2005).
The grain yield and quality of wheat largely depends
on adequate supply of N (Efretuei et al., 2016). A
small portion of applied N fertilizer is taken by the
crops (33% for wheat) even though this element is
considered as the key for increasing agricultural pro-
ductivity worldwide (Raun and Johnson, 1999). In
general, the response of a crop to applied N fertil-
izer is depends on soil type, soil fertility, crop variety,
other soil-crop management practices (Rahman et al.,
2011) and also the judicious N management strategies.
In Bangladesh, the agricultural soils are mostly defi-
cient in N and crop responds is noticeable to applied
N. Application of N at right rate improve the grain
yield of wheat by increasing the number of spikes,
kernel spike−1 and grain size (Abedi et al., 2011; Si
et al., 2020). Application of N lower than the opti-
mum rate reduces the grain yield of wheat due to its
deficiency while excess application had no significant
yield benefit or may decrease the grain yield and lead
to the increase of N losses ultimately increases the
production cost. Crop growth and yield will be ham-
pered if the soil available N is not supplemented with
adequate applied fertilizer N (Efretuei et al., 2016).
So, the N application efficiency in winter wheat is an
important indicator for the balanced fertilization of
N (Mandic et al., 2015).

After application of N fertilizer, the N in the soil
will make available within 2-3 days and remains avail-
able for a short period (10-15 days). So, the applied
N is no longer sufficient to meet the requirements of
crops (Efretuei et al., 2016). The crop requirement of
fertilizers N when the soil N become limiting, thus
the timing of initial N application depends on the
status of the available soil N. The N requirement of
wheat starts from first day of life and continues until
grain filling, thus appropriate timing of N at different
splits is very much crucial to meet the crop N demand
at different growth stages. N requirement of crops
largely depends on the critical stages and any defi-
ciency of N during these stages affects crop growth
and productivity. The time and amount of N applica-

tion mostly inclined with the status of soil available
N (Efretuei et al., 2016). The application of N in split
doses has been reported as more beneficial in most
crops rather than the basal application of all N fertil-
izers (Rahman et al., 2011). In Bangladesh, the recom-
mended rate of N fertilizer for wheat is 120 kg ha−1

of which two-thirds are applied as basal dose during
final land preparation and rest one-third is applied as
top dressing at three leaf stage reported as most effi-
cient in improving grain yield of wheat (Azad et al.,
2022). Appropriate timing of N application as per the
crop demand improves the crop biomass, grain yield
and NUE (Cui et al., 2010; Efretuei et al., 2016; Kostić
et al., 2021). Application of N in three splits enhances
the grain yield and N use efficiency of wheat rather
than two splits and single application as basal (Rah-
man et al., 2011; Belete et al., 2018) . From the earlier
study it is noticed that N application at earlier stages
may reduce the grain yield compared to mid-season
fertilization (Raun et al., 2002).

Appropriate time of N application and optimum
rate are two important aspects for improving yield
and nitrogen use efficiency, and also minimizing the
losses of N (Rhezali and Lahlali, 2017). To improve
the productivity and profitability of wheat cultiva-
tion, there is an urgent need to optimize the rate and
time of nitrogen (N) application for sustainable agri-
cultural management (Wang et al., 2011). Therefore,
the present study was undertaken to evaluate the
effect of rate and timing of N application on the N
requirement, yield and profitability of wheat grown
in the coastal region of southwestern Bangladesh.

2 Materials and Methods

2.1 Description of the experimental site

The experiment was conducted during winter (2019-
20) at the research field of Agrotechnology Discipline,
Khulna University, Bangladesh which is located at
the Agro-ecological Zone of Gangetic Tidal Flood-
plain (AEZ-13) with latitude 22°47“ N and longitude
89°34” E under the sub-tropical climate. The area is
characterized by low rainfall, low humidity, and a
short day with short winter during the winter sea-
son (Rabi season). The field was medium highland
with well-drained and silty clay loam in texture. The
physicochemical properties of the experimental field
soils are presented in Table 1. During the cultivation
period, the lowest (13.8-24 °C) and highest (20.6-32.3
°C) monthly average temperatures were recorded in
January and March, respectively (Fig. 1). The total
rainfall during the growing season was ∼230 mm of
which 175 mm occurred in November 2019 (Fig. 1).

Table 1. Physicochemical properties of the
experimental soil before sowing of seeds
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Parameters Value Status

Soil pH 8.10 Moderate
EC (dS m−1) 4.40 Low
Organic Matter (%) 1.85 Medium
Nitrogen (%) 0.11 Very Low
Phosphorus (µg g−1) 6.81 Very Low
Potassium (meq 100 g−1) 0.41 High
Sulphur (µg g−1) 40.2 Very High
Zinc (µg g−1) 0.29 Very Low
Boron (µg g−1) 1.22 Very High

Figure 1. Temperature and rainfall pattern in the
study area during the cultivation period

2.2 Experimental material

Wheat variety BARI Gom-25 was used as the experi-
mental material is this research. This variety is semi-
dwarf, early maturing and high yielding. It takes
57-61 days to heading. Spikes are long with 45-55
grains per spike. It can be grown under both opti-
mum and late seeding conditions. Specially, suitable
for growing well in southern region having salinity
level of 8-10 dS m−1 at seedling stage. It shows mod-
erate level of tolerance to heat stress. It is highly
tolerant to Bipolaris leaf blight and resistant to leaf
rust diseases. Crop duration of this variety is 102-110
days and yield are 3.6 - 5.0 t ha−1.

2.3 Experimental design and treatments

The experiment was arranged in a factorial random-
ized complete block design and replicated thrice. The
plot size of the experiment was 12 m2 maintaining a
spacing of 1.5 m and 1.0 m between the replications
and the plots, respectively. The experiment consisted
of three timing of N application (T1: 66% at sowing
and 34% at the 3-leaf stage, T2: 50% at 3-leaf, 30%
at jointing and 20% at the booting stage, T3: 50% at
6-leaf, 30% at jointing and 20% at the booting stage)
and three rates of N (D1: 120 kg ha−1, D2: 92 kg ha−1

and D3: 80 kg ha−1).

2.4 Field and crop management

The field was prepared by ploughing and cross-
ploughing until a fine tilth was obtained. The field
was kept free from weeds, stubbles and residues from
previous crops. Cowdung @ 7.0 t ha−1 was applied
10 days before the final land preparation. N, P, K and
S were used from the sources of Urea, TSP, MoP and
Gypsum. The rate of P, K, and S were 30, 60 and 15 kg
ha−1, respectively. The total quantity of TSP, MoP and
Gypsum were applied and thoroughly mixed with
the soil at the time of final land preparation. Treated
seeds (BARI Gom-25; a heat and moderately saline-
tolerant variety) were sown (on 27 November 2019) in
a continuous line with a spacing of 20 cm between the
lines. The N fertilizer (urea) was applied as per the
treatments and has been sown in Table 2. The other
intercultural operations such as weeding, irrigation,
and plant protection measures were kept uniform in
all the plots.

2.5 Sampling and data collection

Plant growth parameters were collected from the five
randomly selected plants in each plot. The crops were
harvested at full maturity (crop duration: 115 days).
Five plants were selected randomly for the collection
and measurement of yield attributes and calculation
of yield. Data on plant height, tiller no. plant−1, spike
length, grains spike−1, 1000-seed weight and harvest
index were measured and calculated. The grain and
straw yield were measured on a whole plot basis and
then converted to t ha−1 at 14% moisture content.

2.6 Statistical analysis

The recorded data were accumulated and analysed
using analysis of variance (two-way ANOVA) tech-
niques with the help of the statistical package ‘Statis-
tix’ 10.0. The comparison among the treatment means
were tested by least significant difference (LSD) at a
95% confidence level.

3 Results and Discussion

3.1 Growth attributes

Plant height and tiller plant−1 were varied signifi-
cantly (P<0.05) with the variation of N rates but N
application schedule and the interaction of applica-
tion schedule with rates of N had no significant effect
on both parameters (Table 2). At 75 DAE, the applica-
tion of N @ 120 kg ha−1 resulted in the tallest plant
which was statistically similar to 92 kg N ha−1. Irre-
spective of the scheduling of the application higher
rate of N increased the plant height and tillers plant−1

which might be due to the better uptake and utiliza-
tion of N as a result of the adequate supply. The
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results of the current study were also confirmed by
Ullah et al. (2018); Erkeno and Dechass (2019), who
reported also similar results that the plant height in-
creased at a higher rate of N Ayub et al. (2001) who
noticed that the highest plant height and tiller plant−1

were achieved with the application of N in three splits
rather than two and single splits.

3.2 Yield components

Grains spike−1 and 1000-grain weight were differed
significantly due to the variation in the scheduling of
N application, rates of N application and their interac-
tion but no significant influence on spike length and
harvest index (Table 3). The maximum number of
grains spike−1 and 1000-grains weight were attained
in the application of N in three splits @ 50% at 3-leaf,
30% at jointing and 20% at the booting stages with
120 kg N ha−1. Statistically, a similar result was found
in the same application schedule with 92 kg N ha−1

and two splits (66% at sowing and 34% at the 3-leaf
stage) with 120 kg N ha−1. Appropriate scheduling
of N and optimum rate of N application enhances
the rate of photosynthesis and enhance the translo-
cation of photosynthates to the reproductive parts
resulting in higher grain spike and grain size. The
results of this study are supported by Liu et al. (2019)
and Sohail et al. (2018) who noted that the application
of N in three splits improved the grain spike−1 and
1000-grain weight rather than two splits and all at
basal application. The results of this experiment are
in agreement with the findings of wei Tian et al. (2018)
who reported that the splits application of N avoiding
basal application boosted the yield attributes with a
reduced rate of nitrogen supply.

3.3 Yield and total dry matter

The grain yield of wheat varied from 2.36 to 4.12 t
ha−1 due to different scheduling of N application
with various rates. Application of N in three splits
@ 50% at 3-leaf, 30% at jointing and 20% at the boot-
ing stage with 120 kg N ha−1 significantly improved
the grain yield of wheat which was statistically simi-
lar with the same application schedule with 92 kg N
ha−1 and two splits (66% at sowing and 34% at the
3-leaf stage) with 120 kg N ha−1 (Fig. 2A). This im-
proved grain yield was attributed by the higher yield
attributes. Three splits of N application at 3-leaf, joint-
ing and booting stages may meet the crop demand
and enhances the N uptake and utilization which
leads to better yield attributes and yield. Kharub et al.
(2010) and Haile et al. (2012) noticed that proper dis-
tribution with three splits application of N improved
the grain yield of wheat. The results are in confor-
mity with the results of Tilahun Chibsa et al. (2017)
and Belete et al. (2018) who reported that the right
timing of N application in different splits decreased

the N requirement and yield improvement of wheat.
Like grain yield, a similar trend was also observed
in total dry matter accumulation that the timing of N
application @ 60% at 3-leaf, 30% at jointing and 20%
at the booting stage with 120 kg N ha−1 produced
the highest dry matter accumulation (Fig. 2B). This
higher dry matter accumulation was statistically on
similarity due to same application schedule with 92
kg N ha−1 and two splits (66% at sowing and 34% at
the leaf-stage) with 120 kg N ha−1 (Fig. 2B). Zhang
et al. (2021) reported similar findings that the total dry
matter accumulation was improved with the appro-
priate amount and timing of N application in different
growth stages. Gupta et al. (2020) noted that biomass
accumulation significantly higher with a 50% higher
rate of N.

3.4 Grain yield vs grains spike−1 and
1000-grain weight

The correlation of grain yield with grain spike was
found positive and significant (Fig. 3A). The relation-
ship between grain yield and grains spike−1 could
be explained at 78% by the linear regression equa-
tion of y = 0.1095x− 2.5655. The variation of grain
yield from 2.36 to 4.12 is due to the increase of the
number of grain spike−1 from 46-59. The relationship
between grain yield and 1000-grain weight was cor-
related positively and significantly (Fig. 2B) and the
correlation could be clarified at 92% with the linear
regression equation of y = 0.0988x− 1.8315. The in-
crease of 1000-grain weight from 43-61 g improved
the grain yield from 2.36 to 4.12 t ha−1.

3.5 Economic analysis

The production cost of wheat among the treatments
varied from BDT 80750 to BDT 83417. Application
schedule of N @ 50% at 3-leaf, 30% at jointing and
20% at the booting stages with 92 kg N ha−1 signifi-
cantly attained the maximum net income and higher
benefit-cost ratio which was on parity with the same
application schedule with 120 kg N ha−1 and two
splits (66% at sowing and 34% at the 3-leaf stage) with
120 kg N ha−1 (Fig. 4). This higher net income was
achieved due to the reduced rates of N with higher
grain yield by efficient utilization of N.

4 Conclusion

Growth, yield traits and yield of wheat were sub-
stantially influenced by the timing and rates of N
application. Application of N in three splits @ 50% at
3-leaf, 30% at jointing and 20% at the booting stages
produced the higher seed yield with 120 kg N ha−1

but a similar yield was achieved from a 25% reduced
rate of N (92 kg ha−1). Timely and split application
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Table 2. Application schedule of N fertilizer

Treatment N (urea) Urea (kg ha−1) installment on different growth stages

(kg ha−1) Sowing 3-Leaf 6-Leaf Jointing Booting

T1D1 265 175 90 - - -
T2D1 265 - 132 - 80 53
T3D1 265 - - 132 80 53
T1D2 200 130 70 - - -
T2D2 200 - 100 - 60 40
T3D2 200 - - 100 60 40
T1D3 174 114 60 - - -
T2D3 174 - 87 - 52 35
T3D3 174 - - 87 52 35

T1 = 66% at sowing and 34% at 3-leaf stage, T2 = 50% at 3-leaf, 30% at jointing and 20% at booting stage and T3
= 50% at 6-leaf, 30% at jointing and 20% at booting stage; D1 = 265 kg urea ha−1, D2 = 200 kg urea ha−1, and D3
= 174 urea kg ha−1

Table 3. Interaction effect of application schedule and rates of N on growth and yield attributes of wheat
grown in the coastal soil of southwestern Bangladesh

Treatment Plant height
(cm)

No. of tillers
plant−1

Spike length
(cm)

No. of grains
spike−1

1000-grain
weight (g)

Harvest
index (%)

T1D1 95.3 3.4 14.5 56.5 60.1 49.69
T2D1 85.4 3.1 14.5 55 46.2 44.25
T3D1 88.2 2.6 14.4 42.9 43.3 46.09
T1D2 95.4 3.5 14.5 59 61.2 46.53
T2D2 93.9 3.4 14.5 59.3 56 46.39
T3D2 86.2 2.7 14.2 46.5 44.4 45.03
T1D3 84.7 3.5 14.4 51.5 48.8 46.22
T2D3 79.9 3.2 14.3 49.1 43.2 44.91
T3D3 84.3 3.2 14.3 46.4 46.8 44.18

Sig.levels
T ns ns ns ** ** ns
D * * ns ** ** ns
T × D ns ns ns ** ** ns

T1 = 66% at sowing and 34% at 3-leaf stage, T2 = 50% at 3-leaf, 30% at jointing and 20% at booting stage and T3
= 50% at 6-leaf, 30% at jointing and 20% at booting stage; D1 = 265 kg urea ha−1, D2 = 200 kg urea ha−1, and D3
= 174 urea kg ha−1
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Figure 2. Interaction effect of application schedule and rates of N on grain yield (A), and total dry matter (B)
accumulation of wheat grown in the coastal soil of southwestern Bangladesh. Here, T1 = 66% at
sowing and 34% at 3-leaf stage, T2 = 50% at 3-leaf, 30% at jointing and 20% at booting stage and T3 =
50% at 6-leaf, 30% at jointing and 20% at booting stage; D1 = 120 kg N ha−1, D2 = 92 kg N ha−1, and
D3 = 80 N kg ha−1

Figure 3. Relationship between grain yield with grain spike−1 (A), and 1000-grain weight (B) of wheat
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Figure 4. Interaction effect of application schedule and rates of N on net income and benefit-cost ratio of wheat
grown in the coastal soil of southwestern Bangladesh

of nitrogen allowed for more efficient use of nitrogen
throughout the growing season as it provided desired
amounts of nitrogen according to the crop demand
on critical growth stages might reduce the loss and
improve the efficiency of N. From the findings of this
study, we may conclude that N @ 92 kg ha−1 applied
in three splits @ 50% at 3-leaf, 30% at jointing and
20% at the booting stage could be the suitable man-
agement approach for wheat in the coastal region of
southwestern Bangladesh.
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fect of n fertilizer application timing on wheat
yield on chernozem soil. Agronomy 11:1413. doi:
10.3390/agronomy11071413.

Ladha JK, Pathak H, Krupnik TJ, Six J, van Kessel C.
2005. Efficiency of fertilizer nitrogen in cereal
production: Retrospects and prospects. In: Ad-
vances in Agronomy. Elsevier. p. 85–156. doi:
10.1016/s0065-2113(05)87003-8.

Li Y, Yu J, Goktepe I, Ahmedna M. 2016. The poten-
tial of papain and alcalase enzymes and process
optimizations to reduce allergenic gliadins in
wheat flour. Food Chemistry 196:1338–1345. doi:
10.1016/j.foodchem.2015.10.089.

Liu Z, Gao F, Liu Y, Yang J, Zhen X, Li X, Li Y, Zhao
J, Li J, Qian B, Yang D, Li X. 2019. Timing and
splitting of nitrogen fertilizer supply to increase
crop yield and efficiency of nitrogen utilization
in a wheat-peanut relay intercropping system
in China. The Crop Journal 7:101–112. doi:
10.1016/j.cj.2018.08.006.

Mandic V, Krnjaja V, Tomic Z, Bijelic Z, Simic A, Mus-
lic DR, Gogic M. 2015. Nitrogen fertilizer in-
fluence on wheat yield and use efficiency un-
der different environmental conditions. Chilean
journal of agricultural research 75:92–97. doi:
10.4067/s0718-58392015000100013.

Pequeno DNL, Hernández-Ochoa IM, Reynolds M,
Sonder K, MoleroMilan A, Robertson RD, Lopes

MS, Xiong W, Kropff M, Asseng S. 2021. Cli-
mate impact and adaptation to heat and drought
stress of regional and global wheat production.
Environmental Research Letters 16:054070. doi:
10.1088/1748-9326/abd970.

Qin X, Zhang F, Liu C, Yu H, Cao B, Tian S, Liao
Y, Siddique KH. 2015. Wheat yield improve-
ments in China: Past trends and future direc-
tions. Field Crops Research 177:117–124. doi:
10.1016/j.fcr.2015.03.013.

Rahman MA, Sarker MAZ, Amin MF, Jahan AHS,
Akhter MM. 2011. Yield response and nitro-
gen use efficiency of wheat under different
doses and split application of nitrogen fertil-
izer. Bangladesh Journal of Agricultural Re-
search 36:231–240. doi: 10.3329/bjar.v36i2.9249.

Raun WR, Johnson GV. 1999. Improving ni-
trogen use efficiency for cereal produc-
tion. Agronomy Journal 91:357–363. doi:
10.2134/agronj1999.00021962009100030001x.

Raun WR, Solie JB, Johnson GV, Stone ML, Mullen
RW, Freeman KW, Thomason WE, Lukina EV.
2002. Improving nitrogen use efficiency in ce-
real grain production with optical sensing and
variable rate application. Agronomy Journal
94:815–820. doi: 10.2134/agronj2002.8150.

Rhezali A, Lahlali R. 2017. Nitrogen (N) mineral nu-
trition and imaging sensors for determining n
status and requirements of maize. Journal of
Imaging 3:51. doi: 10.3390/jimaging3040051.

Si Z, Zain M, Mehmood F, Wang G, Gao Y, Duan
A. 2020. Effects of nitrogen application rate
and irrigation regime on growth, yield, and
water-nitrogen use efficiency of drip-irrigated
winter wheat in the North China Plain. Agri-
cultural Water Management 231:106002. doi:
10.1016/j.agwat.2020.106002.

Sohail M, Hussain I, Tanveer SK, Abbas SH, Qamar M,
Ahmed MS, Waqar S. 2018. Effect of nitrogen fer-
tilizer application methods on wheat yield and
quality. Science, Technology and Development
37:89–92.

Tilahun Chibsa B, Gebrekidan H, Kibebew Kibret T,
Tolessa Debele D. 2017. Effect of rate and time of
nitrogen fertilizer application on durum wheat
(Triticum turgidum Var L. Durum) grown on Ver-
tisols of Bale highlands, southeastern Ethiopia.
American Journal of Research Communication
5:39–56.

Trnka M, Rotter RP, Ruiz-Ramos M, Kersebaum KC,
Olesen JE, Žalud Z, Semenov MA. 2014. Ad-
verse weather conditions for european wheat

http://dx.doi.org/10.3329/agric.v16i02.40344
http://dx.doi.org/10.3329/agric.v16i02.40344
http://dx.doi.org/10.1007/s10681-007-9385-7
http://dx.doi.org/10.1007/s10681-007-9385-7
http://dx.doi.org/10.3390/agronomy11071413
http://dx.doi.org/10.3390/agronomy11071413
http://dx.doi.org/10.1016/s0065-2113(05)87003-8
http://dx.doi.org/10.1016/s0065-2113(05)87003-8
http://dx.doi.org/10.1016/j.foodchem.2015.10.089
http://dx.doi.org/10.1016/j.foodchem.2015.10.089
http://dx.doi.org/10.1016/j.cj.2018.08.006
http://dx.doi.org/10.1016/j.cj.2018.08.006
http://dx.doi.org/10.4067/s0718-58392015000100013
http://dx.doi.org/10.4067/s0718-58392015000100013
http://dx.doi.org/10.1088/1748-9326/abd970
http://dx.doi.org/10.1088/1748-9326/abd970
http://dx.doi.org/10.1016/j.fcr.2015.03.013
http://dx.doi.org/10.1016/j.fcr.2015.03.013
http://dx.doi.org/10.3329/bjar.v36i2.9249
http://dx.doi.org/10.2134/agronj1999.00021962009100030001x
http://dx.doi.org/10.2134/agronj1999.00021962009100030001x
http://dx.doi.org/10.2134/agronj2002.8150
http://dx.doi.org/10.3390/jimaging3040051
http://dx.doi.org/10.1016/j.agwat.2020.106002
http://dx.doi.org/10.1016/j.agwat.2020.106002


c© 2023 by the author(s). This work is
licensed under a Creative Commons.
Attribution-NonCommercial 4.0
International (CC BY-NC 4.0) License

The Official Journal of the
Farm to Fork Foundation
ISSN: 2518–2021 (print)
ISSN: 2415–4474 (electronic)
http://www.f2ffoundation.org/faa

Shaikh et al. Fundam Appl Agric 8(1&2): 359–367, 2023 367

production will become more frequent with cli-
mate change. Nature Climate Change 4:637–643.
doi: 10.1038/nclimate2242.

Ullah I, Ali N, Durrani S, Shabaz MA, Hafeez A,
Ameer H, Ishfaq M, Fayyaz MR, Rehman A,
Waheed A. 2018. Effect of different nitrogen
levels on growth, yield and yield contributing
attributes of wheat. International Journal of Sci-
entific & Engineering Research 9:595–602.

Wang D, Xu Z, Zhao J, Wang Y, Yu Z. 2011. Ex-
cessive nitrogen application decreases grain
yield and increases nitrogen loss in a wheat-soil
system. Acta Agriculturae Scandinavica, Sec-
tion B - Soil & Plant Science 61:681–692. doi:
10.1080/09064710.2010.534108.

wei Tian Z, xue Liu X, lu Gu S, hong Yu J, Zhang
L, wei Zhang W, JIang D, xing Cao W, bo Dai
T. 2018. Postponed and reduced basal nitro-
gen application improves nitrogen use efficiency
and plant growth of winter wheat. Journal
of Integrative Agriculture 17:2648–2661. doi:
10.1016/s2095-3119(18)62086-6.

Zhang Z, Yu Z, Zhang Y, Shi Y. 2021. Split nitro-
gen fertilizer application improved grain yield
in winter wheat (Triticum aestivum L.) via mod-
ulating antioxidant capacity and 13C photosyn-
thate mobilization under water-saving irriga-
tion conditions. Ecological Processes 10. doi:
10.1186/s13717-021-00290-9.

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://www.f2ffoundation.org/faa
http://dx.doi.org/10.1038/nclimate2242
http://dx.doi.org/10.1080/09064710.2010.534108
http://dx.doi.org/10.1080/09064710.2010.534108
http://dx.doi.org/10.1016/s2095-3119(18)62086-6
http://dx.doi.org/10.1016/s2095-3119(18)62086-6
http://dx.doi.org/10.1186/s13717-021-00290-9
http://dx.doi.org/10.1186/s13717-021-00290-9

	Introduction
	Materials and Methods
	Description of the experimental site
	Experimental material
	Experimental design and treatments
	Field and crop management
	Sampling and data collection
	Statistical analysis

	Results and Discussion
	Growth attributes
	Yield components
	Yield and total dry matter
	Grain yield vs grains spike-1 and 1000-grain weight
	Economic analysis

	Conclusion

