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Crop quality and nutrient uptake are considerably influenced by fertilizers inputs and
their application rate. Biochar (BC) improves nitrogen uptake and crop productivity.
However, its interaction with synthetic and organic fertilizers in calcareous soil is not
fully recognized. Therefore, we inspected the role of biochar (0, 10, 20, and 30 t ha−1)
in improving N uptake and quality of wheat in a calcareous soil under integrated
N management (90, 120, and 150 kg N ha−1) applied each from urea, farmyard
manure (FYM) and poultry manure (PM) along with control) in 2 years field experiments.
Application of 20 t BC along with 150 kg N ha−1 as poultry manure considerably
improved wheat grain protein content (14.57%), grain (62.9%), straw (28.7%), and
biological (38.4%) yield, grain, straw, and total N concentration by 14.6, 19.2, and 15.6%
and their uptake by 84.6, 48.8, and 72.1%, respectively, over absolute control when
averaged across the years. However, their impact was more pronounced in the 2nd
year (2016–2017) after application compared to the 1st year (2015–2016). Therefore,
for immediate crop benefits, it is recommended to use 20 t BC ha−1 once in 50 years
for enhancing the nitrogen use efficiency of fertilizers and crop yield.

Keywords: biochar, nitrogen, wheat, urea, farm yard manure and poultry manure

INTRODUCTION

Agriculture is declared the main pillar of Pakistan’s economy, which greatly depends on the cereal
crops (Rehman et al., 2015). Wheat (Triticum aestivum L.) being a staple food is the prominent
cereal crop in Pakistan. It can be cultivated under different environments (Hussain et al., 2006) and
provide the major nutritional needs (Khalil et al., 2002). However, wheat crop quality is majorly
dependent upon the time, rate, and proportion of applied inputs especially nitrogenous fertilizers.
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Adequate N availability in soil and its uptake by the plants is very
much critical for maintaining wheat production systems (Malhi
et al., 2006; Wang et al., 2021). Brown and Petrie (2006) stated
that optimum N availability has an encouraging impact on grain
protein content (GPC) in wheat.

The use of chemical fertilizer is high compared to organic
fertilizer because of the lower availability of crop nutrients in
organic fertilizer (Han et al., 2016). Although, inorganic fertilizers
enhance the initial mineralization of N, but they have been
reported to decline soil quality by promoting soil acidification
and compaction (Liu et al., 2010). However, their integrated
application with organic materials for resolving such problems is
documented in a study by Fageria and Baligar (2005). Integrated
application of organic manures with synthetic fertilizer can help
in maintaining soil fertility and productivity (Bandyopadhyay
et al., 2010; Kumar et al., 2017). Poultry manure (PM), being
an excellent organic manure, contains a high quantity of plant
nutrients (Mussarat et al., 2021). Unlike chemical fertilizer,
its addition into soil improves organic matter, promotes soil
aggregation, water and nutrients holding capacity, aeration, and
water infiltration (Deksissa et al., 2008). Similarly, FYM as an
organic supplement improves soil physical and chemical fertility
and, thus, encourages crop N uptake and GPC (Muqaddas
et al., 2005; Silva et al., 2006; Khan et al., 2020). Though using
PM and FYM as an alternative to chemical fertilizers is well
documented, but it must be applied for reducing soil N losses.
Additionally, the quantity to be applied depends upon soil
condition, environmental conditions, and crop type.

Biochar (BC) improves soil N nutrition and its uptake
by plants by preventing soil degradation via promoting soil
aggregation, porosity, and water holding capacity under tropical
conditions (Lehmann et al., 2003; Islami et al., 2011). Biochar
application considerably enhanced N concentration in wheat
leaves (24%), shoot/stem (20%), straw (24%), and grain (56%),
while the protein content of grain (20%) (Ali et al., 2015).
Typically BC has a strong adsorption capacity for nitrate
and ammonium in water treatment and soil applications
(Shenbagavalli and Mahimairaja, 2012; Fidel et al., 2018). Thus, it
enhanced the storage of ammonium N in soil (Taghizadeh-Toosi
et al., 2012). Hence, it also induced higher N uptake in both the
above and subterranean plant parts (Backer et al., 2017; Cao et al.,
2019). The application of BC to soil may be amazingly helpful
for rehabilitating soil fertility, as well as to invigorate the plant
growth, and, therefore, plays a significant role in building up a
sustainable approach in agriculture (El-Naggar et al., 2019; Rawat
et al., 2019). However, its performance varies under different soil
and climatic conditions. Thus, this study was executed to explore
the role of BC in improving N availability from differnt N sources
in calcareous soil under semi-arid climatic conditions while using
wheat as a test crop.

MATERIALS AND METHODS

Experimental Site
Two-year field study was conducted during 2015–2017 at
Agriculture Research Station Swabi (34◦ 7′, 48′′ N and

72◦ 28′, 11′′ E), Khyber Pakhtunkhwa, Pakistan. This
study area is warm, semi-arid, and temperate climate with
639 mm annual rainfall (Khan et al., 2020). The soil of
the experimental site was alkaline calcareous, nonsaline,
silty loam in texture, and deficient in N (0.002%), P
(4.6 mg kg−1), and K (66 mg kg−1) as reported by Khan
et al. (2020).

Experimental Inputs
Acacia pruning’s wood BC was prepared by the method
already described by Arif et al. (2021). The FYM and PM
were purchased from the local dairy and poultry farm,
respectively. A similar field and layout of the experiment
were used for the 2nd year experiment (in 2016–2017).
The N, P, and K contents were 0.87, 0.34, and 0.6% in
FYM and 1.53, 0.97, and 0.9% in PM, respectively. The
biochar used in the experiment was composed of 0.08%
N and 0.112% P.

Experimental Procedure
This study was carried out to explore the role of biochar
(0, 10, 20, and 30 t ha−1) in enhancing N availability from
different N sources, including urea, FYM, and PM each applied
at the rate of 90, 120, and 150 kg N ha−1 along with
control. The above treatments were arranged in a two factorial
randomized complete block design with split plot arrangement,
each replicated three times. Biochar was applied to the main
plot, while N management was applied into subplot. The
experimental field was two times plowed prior to sowing
approximately to a depth of 30 cm using a common cultivator,
followed by planking in order to breakdown the clods and at
the same time level the field. A total of 120 subplots each
with a size of (3 m × 4 m) were set by using traditional
implements. A spacing of 0.5, 1, and 2 m was maintained
between subplots, main plots, and replications, respectively.
Wheat seeds of variety Pirsabak 2013 were sown at a seed
rate of 120 kg ha−1 in 30 cm apart rows. The proposed rates
of N were applied from urea, FYM, and PM based on their
actual N contents. The organic sources were applied 1 month
before the sowing of the crop. Biochar was applied at the
time of seedbed preparation at once to the wheat crop, while
its carry-over effect was examined in the second year. Urea
was applied in split doses. Full dose of FYM and PM was
applied a month prior to sowing during the first year of the
experiment. In the second year half of the FYM and PM, it
was applied with the assumption that half of the FYM and
PM decomposes during the first year of the experiment. Basal
doses of phosphorus (P) and potassium (K) were applied at
the rate of 90 and 60 kg ha−1 as SSP and SOP, respectively, at
the time of sowing.

Procedure for Recorded Observations
Plants were harvested from central two rows of each subplot
at maturity and were separated into leaves, stem, spike,
and grain. Grain (GNC) and straw nitrogen content (SNC)
were measured during both the consecutive seasons by
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Kjeldahl method (Westerman, 1990) through the following
formula:

N% =

{(Nitrogen blank) x (Normality of acids x Volume made x N mol. weight)}
Weight of dry sample

× 100

Total nitrogen content (TNC) was considered by adding both
grain and straw N content. Similarly, total nitrogen uptake (TNU)
by wheat was calculated by adding both grain and straw N
uptake. GPC was worked out from percent N present in the
grain. Moreover, GPC (1), grain nitrogen uptake (GNU) (2),
straw nitrogen uptake (SNU) (3), grain yield (GY) (4), straw yield
(SY) (5), and biological yield (BY) (6) were calculated by using
the following formulas.

GP content (%) = Grain N (%)× 6.25 (1)

Grain/straw N uptake (kg ha−1) =

Grain/straw N (g kg− 1) x Grain/straw yield (kg ha− 1)

1000
(2)

BY (kg ha−1) =

wt of straw + grains of middle 4 rows ofeach subplot
R to R distance × R length × No of R harvested

× 10, 000

(3)

wt stands for weight, while R stands for row/s.

GY (kg ha−1) =

wt of grains of middle 4 rows in each subplot
R to R distance × R length × No of R harvested

× 10, 000 m2

(4)

wt stands for weight, while R stands for row/s.

Straw Yield (kg ha−1) = BY− GY (5)

BY stands for biological yield, while GY stands for grain yield.

Statistical Analysis
The collected data were analyzed for ANOVA by using the
appropriate procedure used for two factorial RCB designs using
split-plot arrangement. All the analyses were done using SPSS
20th edition. For the significant F test, the mean of different
treatments was compared at 5% p-value using the least significant
difference (LSD) test (Steel and Torrie, 1980).

RESULTS

Grain Yield
Grain yield (GY) had shown significant differences (p < 0.05)
in response to the application of both the biochar and N
management (Table 1). Further, BC and N management had

also shown a significant interaction effect on GY. With respect
to years, the GY of wheat was significantly higher during the
years 2016–2017 than 2015–2016. Generally, the treatment which
contains BC as a soil amendment overcomes the other treatment
(control) in terms of GY. Specifically, maximum GY (13.26%
over control) of wheat was obtained at 20 t BC ha−1, which was
statistically at par to 30 t BC ha−1, while the lowest GY was
produced by control.

As regard to the N management, the GY was significantly
increased by (49.73%) over control by 150 kg N ha−1 as PM
which was at par with 150 kg N ha−1 as urea (46.40% increase
over control) while, significantly higher from the rest of the
treatments. The lowest GY was produced by N control plots.
Interaction between BC × N showed that plots amended with
20 t BC combined with 150 kg N as PM produced maximum
GY (Figure 1).

Straw Yield
The application of BC, N management, and their interaction
significantly affected (for p < 0.05) wheat straw yield (SY) as
given in Table 1. With regard to years, the SY of the wheat
crop was significantly higher during the second year (2016–2017).
Comparing the BC levels means, the maximum SY of (15.56%
over control) was obtained at 20 t BC ha−1, which was followed
by 30 and 10 t BC ha−1 showing 10.29 and 8.85% increase
over control biochar, respectively. With respect to the influence
of N management, the maximum SY (7.36% over control) was

TABLE 1 | Effect of biochar and n levels applied from different sources on wheat
grain, straw, and biological yield (kg ha−1).

Biochar (t ha−1) GY SY BY

0 3,527 c 8,027 d 11,554 d

10 3,640 b 8,737 c 12,377 c

20 3,994 a 9,276 a 13,270 a

30 3,700 b 8,853 b 12,553 b

LSD (0.05) 110.59 72.24 135.96

Nitrogen Management (kg ha−1)

Control 2,777 f 8,257 c 11,034 f

90 as Urea 3,420 e 8,801 ab 12,221 e

120 as Urea 3,742 cd 8,727 b 12,469 d

150 as Urea 4,065 a 8,739 b 12,804 ab

90 as FYM 3,727 cd 8,778 ab 12,505 d

120 as FYM 3,698 d 8,865 a 12,563 cd

150 as FYM 3,986 ab 8,742 b 12,728 abc

90 as PM 3,695 d 8,800 ab 12,495 d

120 as PM 3,887 bc 8,738 b 12,625 bcd

150 as PM 4,157 a 8,785 ab 12,942 a

LSD(0.05) 174.86 114.21 214.98

2015–2016 3,594 b 8,670 b 12,265 b

2016–2017 3,837 a 8,776 a 12,613 a

Interactions P0.05 P0.05 P0.05

BC × N Figure 1 Figure 2 Figure 3

GY, grain yield, SY, straw yield; BY, biological yield; N, nitrogen; PM, poultry
manure; FYM, farmyard manure. Values with different alphabets in each category
are statistically different at 5% probability.
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FIGURE 1 | Interactive effect of biochar and N levels applied from different sources on grain yield of wheat. Bars on the graph denote SE of mean (n = 3). FYM,
farmyard manure; PM, poultry manure.
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FIGURE 2 | Interactive effect of biochar and N levels applied from different sources on straw yield of wheat. Bars on the graph denote the SE of mean (n = 3). FYM,
farmyard manure; PM, poultry manure.

obtained at 120 kg N ha−1 as FYM. This was followed by 150,
150, 120, and 120 kg N ha−1 as FYM, urea, PM, and urea,
having an increase of 5.87, 5.84, 5.83, and 5.70% over control,
respectively. Moreover, the SY produced by 120 kg N as FYM was
comparable to 90, 90, 150, and 90 kg N applied as urea, PM, PM,
and FYM representing 6.59, 6.58, 6.40, and 6.31% increase over
control N, respectively. Interaction between BC×N showed that
plots amended with 20 t BC along with 120 kg N ha−1 as FYM
produced maximum SY compared to the rest of the treatments
combination, as shown in Figure 2.

Biological Yield
The results of BY (Table 1) have disclosed the fact that BC and
N addition had significantly improved BY of wheat. Further, BC
and N management had also a significant interaction effect on
GY. With regard to years, the BY was significantly higher during
the years 2016–2017. Comparing the BC levels means, maximum
BY (14.86% over control) was obtained at 20 t BC ha−1, followed
by 30 and 10 t representing an increase of 8.65 and 7.13% over
control BC plots, respectively.

With regard to N management from various sources,
maximum BY was produced by 150 kg N ha−1 as PM with an
increment of 17.30% over control, which was statistically at par
to 150 kg N as urea showed 16.05% increase over control. The
minimum BY was observed for N control plots. Interactively, 20
t BC combined with 150 kg N as PM produced maximum BY
compared to the other combinations (Figure 3).

Grain Nitrogen Content
Analysis of variance revealed that GNC significantly varied
(p < 0.05) in response to the application of BC and nitrogen
management (N). Interaction between BC and N was also
significant for GNC. Moreover, significant variations were also
noted for the years and those were higher during 2016–2017 than
2015–2016 (Table 2). Among the different BC levels, the highest
GNC (6.16% increase over control) was observed at 30 t BC ha−1

followed by 20 t BC ha−1 (2.39% increase over control). The
lower GNC was found in control BC plots. Among the different
N levels applied from various sources, the highest GNC (12.97%
increase over control) was observed at 150 kg N as PM. This was
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TABLE 2 | Nitrogen nutrition and grain protein content (%) of wheat as affected by
biochar application under integrated N management.

Biochar (t ha−1) GNC SNC TNC GPC

0 1.61 c 0.43 c 2.033 c 10.045 c

10 1.63 bc 0.46 b 2.090 b 10.188 bc

20 1.65 b 0.46 b 2.110 b 10.303 b

30 1.71 a 0.50 a 2.213 a 10.683 a

LSD (0.05) 0.02 0.01 0.03 0.27

Nitrogen Management (N kg ha−1)

Control 1.51 d 0.44 c 1.949 e 9.423 d

90 as Urea 1.61c 0.45 bc 2.062 d 10.075 c

120 as Urea 1.65 bc 0.45 bc 2.095 cd 10.286 bc

150 as Urea 1.66 b 0.45 bc 2.116 bc 10.393 b

90 as FYM 1.66 b 0.46 b 2.114 bc 10.359 b

120 as FYM 1.67 ab 0.47 a 2.148 ab 10.465 ab

150 as FYM 1.68 ab 0.48 a 2.161 a 10.520 ab

90 as PM 1.66 b 0.48 a 2.143 ab 10.385 b

120 as PM 1.68 ab 0.47 a 2.148 ab 10.477 ab

150 as PM 1.71 a 0.48 a 2.181 a 10.661 a

LSD(0.05) 0.04 0.01 0.04 0.25

2015–2016 1.6 b 0.4 b 2.043 b 10.1 a

2016–2017 1.7 a 0.5 a 2.181 a 10.5 b

Interactions P0.05 P0.05 P0.05 P0.05

BC × N Figure 4 Figure 5 Figure 6 Figure 7

GNC, grain nitrogen content; SNC, straw nitrogen content; TNC, total nitrogen
content; GPC, grain protein content; N, nitrogen; PM, poultry manure; FYM,
farmyard manure. Values followed by different alphabets in each category are
statistically different at 5% probability.

followed by 150 kg N as FYM, 120 kg N as PM FYM with an
increase of 11.47, 11.01, and 10.89% over control, respectively.
Interaction between BC×N indicated that plants treated with 30
t BC combined with 150 kg N as FYM and PM produced more
GNC compared to the other treatments combinations (Figure 4).

Straw Nitrogen Content
The results of this study indicate that straw nitrogen content
(SNC) significantly varied (p < 0.05) in response to the

application of BC and N management. Interaction between
BC and N was also significant for SNC. Moreover, significant
variations were also noted for the years and those were higher
during 2016–2017 than 2015–2016 (Table 2). Among different
BC levels, the highest SNC was noted under 30 t BC ha−1 having
an increase of 17.23% over control. This was followed by 20 and
10 t BC ha−1 with an increase of 7.36 and 7.08%, respectively
over control; however, their impact was at par to one another
but was more than control. Similarly, the highest SNC was noted
at 90 kg N ha−1 as PM with an increase of 9.51% over control.
This was followed by 150, 150, 120, and 120 kg N ha−1 applied
as FYM, PM, FYM, and PM having an increase of 8.85, 8.10, 7.55,
and 7.7%, respectively, over control. However, their differences
were at par to each other and significantly higher than the control.
Interaction between BC×N indicated that plants treated with 30
t BC along with 120 kg N applied from PM ha−1 produced more
SNC than the rest of the treatments (Figure 5).

Total Nitrogen Content
Results from this study showed that total nitrogen content (TNC)
significantly varied (p < 0.05) in response to the application of
BC and N management. Interaction between BC and N was also
significant for TNC. Moreover, significant variations were also
noted for the years and those were higher during 2016–2017 than
2015–2016 (Table 2). Comparison different BC levels, the highest
TNC was recorded for 30 t BC ha−1 where 8.87% increase over
control was observed followed by 20 and 10 t BC having with
an increase of 3.80 and 2.83% over control. Similarly, the highest
TNC was observed at 150 kg N as PM exhibiting 11.93% increase
over control followed by 150 kg N as FYM, 120, 90 kg N as PM,
and 120 kg N as FYM with an increase of 10.88, 10.22, 9.97, and
10.19%, respectively over control, while significantly lower TNC
was observed in control plots. Generally, BC × N indicated that
the highest TNC was observed in plots treated with 30 t BC along
with 150 kg N ha−1 was applied from FYM (Figure 6).

Grain Protein Content
Our results showed that GPC significantly varied (p < 0.05) in
response to the application of BC and N management. Interaction
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between BC and N was also significant for GPC. Moreover,
significant variations were also noted for the years and those were
higher during 2016–2017 than 2015–2016 (Table 2). Significantly
higher GPC was noted at 30 t BC ha−1, where 7% over control
BC was observed. This was followed by 20 t BC showing 6.00%
over control. The result obtained at 20 t BC was statistically at
par with 10 t BC; however, still an increase of 4.00% was observed
over control. For N management, the highest GPC was observed
at 150 kg N ha−1 as PM, showing an increase of 13.18% over
control. The GPC obtained at 150 kg N as FYM did not show
any significant differences when compared to 120 kg N applied
from PM and FYM; however, still an increase of 11.22 and 11.09%
was observed over control. Moreover, 150 kg N from urea did
not show any significant differences when compared to (90 kg N
from PM and FYM), where an increase of 10.24 and 9.97% were
observed over control. Interaction between BC × N indicated
that plots amended with 30 t BC produced the highest GPC when
combined with 150 kg N ha−1 as PM and urea (Figure 7).

Grain Nitrogen Uptake
The variation in GNU of wheat as influenced by BC and N
management is given in Table 3. The results showed that GNU
significantly varied (p < 0.05) in response to the application of
BC and N management. Interaction between BC and N was also
significant for GNU. Moreover, significant variations were also
noted for the years and those were higher during 2016–2017 than
2015–2016 (Table 3). While comparing mean GNU of various BC
levels, the highest GNU was observed at 20 t BC ha−1 producing
a 15.92% increase over control followed by 30 and 10 t BC where
12.0 and 4.71% increase over control were observed, respectively.
Similarly, the higher GNU was observed at 150 kg N ha−1 as
PM, showing an increase of 67.51% over control. Furthermore,
the 150 kg N as urea and PM did not show any significant
differences when compared to each other. Interaction between
BC × N indicated that plots amended with 20 t BC resulted in
maximum GNU when combined with 150 kg N applied from
PM (Figure 8).
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FIGURE 7 | Interactive effect biochar and N levels applied from different sources on the grain protein content of wheat. Bars on graph denote SE of mean (n = 3).
FYM, farmyard manure; PM, poultry manure.

Straw Nitrogen Uptake
Wide variations were recorded for SNU due to BC and N
application (Table 3). The results showed that SNU significantly
varied (p < 0.05) in response to the application of BC and N
management. Interaction between BC and N was also significant
for SNU. Moreover, significant variations were also noted for
the years and those were higher during 2016–2017 than 2015–
2016. Significantly higher SNU was observed at 30 t BC, having
an increase of 30.58% over control. This was followed by 20
and 10 t BC ha−1 having an increase of 25.47 and 17.84%,
respectively, over control. For N management, the higher SNU
was observed where 90 kg N as PM with an increase of 16.39%
over control. The SNU observed at 90 kg N as PM was at par
to 120, 150 kg N as FYM and with 120, 150 kg N as PM.
However, still an increase of 15.09, 14.75, 12.86, and 14.63%
was observed, respectively, over control. The SNU observed at
150 kg N ha−1 as urea was also at par to 90 and 120 kg N
from urea. Generally, BC × N indicated that the highest SNU

was observed in those plots where 30 t BC and 120 kg N ha−1

were applied as urea; however, statistically similar results were
also observed at 20 t BC along with 150 kg N applied from
PM (Figure 9).

Total Nitrogen Uptake
Application of both the BC and N significantly influenced total
nitrogen uptake (TNU) by wheat. The interactive effect between
BC and N was also significant for TNU. Moreover, significant
variations were also noted for the years and those were higher
during 2016–2017 than 2015–2016 (Table 3). The highest TNU
was observed under 20 t BC(with an increase of 19.45% over
control), which was at par to 30 t BC (with an increase of 18.88%
over control) followed by 10 t BC (with an increase of 9.57%)
over control. In the case of N management, the higher TNU
was observed at 150 kg N as PM, representing 43.28% increase
over control. However, it was statistically similar to 150 kg N as
FYM, representing 38.43% improvement over control. The lowest
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TABLE 3 | Grain, straw, and total nitrogen uptake (kg ha−1) in wheat as affected
by biochar and nitrogen application from different sources.

Biochar (t ha−1) GNU SNU TNU

0 58.14 d 34.18 d 92.32 c

10 60.88 c 40.28 c 101.15 b

20 67.39 a 42.88 b 110.28 a

30 65.11 b 44.63 a 109.75 a

LSD (0.05) 2.54 0.88 2.45

Nitrogen Management (kg ha−1)

Control 43.20 f 36.55 d 79.75 f

90 as Urea 56.58 e 39.61 c 96.19 e

120 as Urea 63.15 cd 39.15 c 102.31 d

150 as Urea 69.14 ab 39.76 c 108.90 bc

90 as FYM 63.34 cd 40.15 bc 103.49 d

120 as FYM 63.17 cd 42.07 a 105.24 cd

150 as FYM 68.46 b 41.94 a 110.40 ab

90 as PM 62.82 d 42.54 a 105.37 cd

120 as PM 66.60 bc 41.25 ab 107.85bc

150 as PM 72.37 a 41.90 a 114.26 a

LSD(0.05) 3.61 1.39 3.87

2015–2016 61.3 b 36.37 b 97.69 b

2016–2017 64.4 a 44.61 a 109.06 a

Interactions P0.05 P0.05 P0.05

BC × N Figure 5 Figure 6 Figure 7

GNU, grain nitrogen uptake; SNU, straw nitrogen uptake; TNU, total nitrogen
uptake; N, nitrogen; PM, poultry manure; FYM, farmyard manure. Values followed
by different alphabets in each category are statistically different at 5% probability.

TNU was observed at control N plots. Interactively, 20 t BC was
applied along with 150 kg N ha−1 as PM showed the highest
TNU (Figure 10).

DISCUSSION

Wheat Yield as Influenced by Biochar
Under Integrated N Management
Application of both the biochar and nitrogen, irrespective of
their sources, significantly increased wheat yield; however, their
impact was more pronounced when 20-ton biochar was applied
with 150 kg N ha−1 as PM. The increase in GY under biochar
amended plots might be due to the nutritive nature of BC that
enriches the soil with essential nutrients for the long run, reduce
nutrients leaching, and ultimately boost up soil fertility. This is
in confirmation with a study by Mierzwa-Hersztek et al. (2019)
who revealed that BC enhanced GY by improving soil physical,
chemical, and biological properties, and ultimately improving
crop growth and yield. Similarly, Uzoma et al. (2011) reported
that application of 30 and 20 t BC ha−1 considerably enhanced
the GY of maize when compared to control. Our results are
consistent with those found by other researchers. Park et al.
(2005) who observed that BC improved the mineralization of
organic matter (OM) in the soil, which further had a positive
effect on crop growth and ultimately on yield. Minimum SY in no
BC treated plot might be due to the lower nutrient concentration
in these plots. Enhanced SY of wheat in BC incorporated

plots was noted by Sarma et al. (2017) and maximum SY of
maize by Faloye et al. (2017). Peng et al. (2011) and Faloye
et al. (2017) also noted similar improvements in stover yield
of maize in BC incorporated plots. Alburquerque et al. (2014)
also observed the highest dry biomass of sunflower at a high
rate of BC made from olive tree pruning and is mainly due to
its nutritive nature and poor fertility of the soil used during
the experiment. An increase in BY due to BC incorporation
might be due to its indirect effect by reducing nutrients leaching
and enhancing the use efficiency of fertilizer (Lehmann et al.,
2003; Liu et al., 2017). Similarly, Zhang et al. (2012) observed
in their study that the application of BC improved cereal yield
and its components. They attributed it to enhancement in texture
and structure of the soil due to C and N organic sources.
BC attracts ammonium and nitrate ions; hence, increasing N
concentration in the soil which further improved vegetative
growth and ultimately total biomass is improved (Steiner et al.,
2007; Genesio et al., 2012). Van et al. (2010) observed a positive
response of crop yield due to the sole use of BC, which
are possibly due to its nature (rich in carbon and nutrient-
poor material).

We observed maximum wheat grain yield (GY) at 150 kg
N ha−1 applied as PM and urea. N application might have
enhanced photosynthesis which resulted in greater yield in
response to a greater amount of dry matter and assimilates
production and its translocation to the seed. In conformity to
our findings, Elli et al. (2015) noted that increasing levels of N
as urea increased the amount of available N for plants which
further increase the LA, LAI, and photosynthesis that eventually
maximized the GY of wheat. The improvement in GY through
PM incorporation might be due to the maximum available
nutrients in the soil and their effective consumption by the crop
plants. Boateng et al. (2006) and Ayoola and Makinde (2009)
obtained similar improvement in GY through the application of
PM. This increase in total biomass may possibly be because N
supply enhances LA, LAI, leaf chlorophyll content, and overall
vegetative growth. The above statement is further supported by
Salem et al. (2011). Ali et al. (2011) also reported maximum shoot
dry weight in N applied plots may possibly be due to improved
number of tillers, leaves, and LA which further leads to enhanced
photosynthetic activity. Jan et al. (2011) observed substantial
improvement in wheat grain as well as straw yields through
incorporation FYM to inorganic fertilizers when compared with
FYM control plots. We have found that application of 150 kg
N solely from PM, urea, and FYM significantly increased BY of
wheat. Because the higher application of N had improved LA,
LAI, plant height, grain yield, tillers m−2, and total dry matter
which collectively give rise to BY. The greater BY in organic
manures amended plots may possibly be due to more moisture
and nutrients availability hence kept better growth throughout
the growing period (Abbas et al., 2012), thus resulted in greater
biomass production (Khan et al., 2018). The other possible
reasons might be the addition of inorganic fertilizer as well as
mineralization of organic manures that did not expose the plants
to nutrient stress at any point during the entire growing season
and thus lead to a higher total biomass production (Mazhar
et al., 2018). Compared to our results, Jan et al. (2018) observed
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more BY in plots incorporated with PM. This was due to the
greater nutrient concentrations in PM when compared to other
organic sources.

Wheat N Concentration and Uptake as
Influenced by Biochar Under Integrated
N Management
Application of BC significantly increased wheat GNC and SNC
of wheat compared to control. The reason could be the higher
nutrients availability in BC incorporated plots which further
improves plant growth and quality attributes due to the high
N uptake. Ali et al. (2015) also noted 56% improvement in
GNC in response to 25 t BC ha−1. Similarly, Major et al.
(2010) also stated that N content in maize grains was improved
due to BC incorporation. While Ali et al. (2015) noted that
SNC of wheat was considerably enhanced (24%) due to BC
incorporation at 25 t ha−1. Major et al. (2010) also observed
higher SNC in BC incorporated plots at 20 t ha−1. Compare
to our results DeLuca et al. (2009) noted that incorporation
of BC improved plant N content which further increased the
use efficiency of N. In this study wheat GPC was significantly
enhanced due to BC application. It might be due to extend
stay of NH4+ ion in soil, probably due to BC because BC
holds ammonium ion and makes it inaccessible for microbes
to transform it into NO3 and considerably minimizes losses of
N due to volatilization and leaching in soil. These results were
sustained by Major et al. (2010) who noted that application
of 20 t BC ha−1 considerably enhanced N uptake in maize,
due to its direct adsorption effect and/or indirectly through
microbial immobilization effect. Lehmann et al. (2003) observed
an enhanced percentage of nitrogen contents in grains wheat due
to the incorporation of BC amended urea, hence considerably
improved GPC in wheat (Ercoli et al., 2013; Wan et al., 2014).
Ali et al. (2015) also observed a 20% improved GPC in wheat in
response to 25 t biochar ha−1. This increase in GNU and SNU
uptake of wheat under BC amended plots confirmed the valuable
effect of BC to increase fertilizer use efficiency especially in soils
where N loss is a main environmental and agronomic concern.
The improvement in GNU is accredited due to the release of
nutrients (mostly N) by BC (Zheng et al., 2013; Ahmad et al.,
2022), also, BC helps in reducing nutrients run-off, leaching,
and holding moisture (Chan et al., 2008; Steiner et al., 2008),
improve root growth (Torii, 2012) resulted in improved nutrient
availability for plants, and finally increase nutrient uptake was
observed. Abukari et al. (2018) also stated that this is possibly due
to the binding nature of BC, which reduces N losses. Thus, the
enhanced nutrient retaining capability of BC further improves
dry matter production indicating greater nutrient uptake. Alike
result were also obtained by Backer et al. (2017), Cao et al. (2019)
who observed higher nutrient N uptake in root and shoot of
wheat in BC amended plots.

Improvement in wheat N nutrition and grain quality with
Biochar and N supplementation could be possibly associated
with optimum availability of moisture and N in soil that can
enhance chlorophyll contents and rate of photosynthesis as
a result produce grains with higher protein content. Organic

sources of N improve organic matter content in the soil (Maltas
et al., 2018), increase N availability (Dikinya and Mufwanzala,
2010), and its uptake (Shaji et al., 2021), increase chlorophyll
contents (Hussain et al., 1988), improve LA (Ahmed et al.,
2017), and rate of photosynthesis (Shah et al., 2010), hence
maximum assimilates are partition into the grain (Meng et al.,
2005). Our results are in accordance with the findings of Shah
and Ahmad (2006) who observed greater N content in wheat
straw through the application of FYM. Conacher and Conacher
(1998) found greater N uptake, (Kashif et al., 2018; Muhammad
et al., 2019) and reduced NO3-N loses in PM amended soil.
Ghoneim (2007), Zhang et al. (2016) found higher N uptake
due to the application of PM and FYM. The improvement in
seed quality (especially GPC) through the use of the organic
source of fertilizer is associated with the increased availability of
essential nutrients to the crop plants. Zenawi and Mizan (2019)
confirmed that N contents of leaves are promptly transformed
to protein and during seed development leaf N is converted to
seed for protein synthesis. Greater LAI with the same level of
PM might be one of the key causes for these greater protein
contents (Khan et al., 2018). Abbasi and Khaliq (2016) noted
positive response of PM compared to other sources due to a
greater percentage of N in the available form in PM. Singh et al.
(2013) stated that incorporation of FYM considerably improved
N uptake and grain and straw yields of wheat and protein
content in its grain. The increase of N content in grain may
be due to the effective use of all the available N (Yaduvanshi
and Swarup, 2005) supplied by various sources (Jagadeeswari
and Kumaraswamy, 2000). The higher N uptake by wheat was
due to the higher availability of N in the adequate amount
supplied steadily by organic manures throughout the growing
season. Chaudhry et al. (2013) stated that quantity, quality, and
types of organic manures positively affect the supply of nutrients
to crops, while Diacono and Montemurro (2011) observed
that different sources of organic amendments have different
decomposition rates; as a result, the availability of nutrients
from these manures (through the process of mineralization) and
uptake of nutrients by the crop vary. The incorporation of organic
N sources improves soil water retaining capability, which further
contributed to efficient uptake of nutrients (Adnan et al., 2016;
Shaji et al., 2021). This statement is further supported by Shah
et al. (2012) who also observed greater N uptake by wheat grains.
Similarly, Woldesenbet and Haileyesus (2016) found greater NP
uptake by barely straw through the application of FYM at (5 t
ha−1). Further, Bodruzzaman et al. (2010), Islam et al. (2016)
also confirmed increase nutrient uptake by wheat straw was
positively influenced by organic amendments. Reganold (1995)
found greater N uptake (Kashif et al., 2018) and reduced NO3-
N losses in PM amended soil. Our result is further supported by
Ghoneim (2007), Zhang et al. (2016) who found higher N uptake
due to applications of PM and FYM.

CONCLUSION

The application of 20 t BC along with 150 kg N ha−1 as PM
significantly improved wheat grain (62.9%), straw (28.7%), and
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biological (38.4%) yield, grain, straw, and total N concentration
by 14.6, 19.2, and 15.6%, while their uptake by 85, 49, and
72%, respectively, over absolute control when averaged across
the years. The impact of applied treatments especially biochar
and organic N sources were more pronounced in the 2nd year
after application than the 1st year. Hence, the application of 20 t
biochar ha−1 once in 50 years along with 150 kg N ha−1 as PM is a
promising option for improving nutrient uptake and crop quality
in semi-arid climatic conditions under calcareous soils.
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