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a b s t r a c t

Poor organic matter and nitrogen (N) deficiency along with salinity in arid and semiarid region soils are
major hurdles to optimization of cereal’s yield. In different cereals, maize productivity is significantly
decreased due to less availability of N in low organic matter soils. Scientists suggest the incorporation
of organic fertilizers to overcome this issue. That’s why the current study was conducted to explore
the effectiveness of chemically produced nitrate blended acidified carbon (NBC). There were 3 levels of
NBC i.e., 0, 0.50 and 1.00% applied under naturally normal and saline soils having EC 2.75 and
6.19 dS/m respectively. Results showed that the addition of 1.00NBC was significantly better compared
to 0NBC for improvement in maize growth attributes i.e., root (32.86 and 77.84%) and shoot (74.17
and 67.57%) length, shoot fresh (53.98 and 97.42%) and dry weight (53.20and 84.20%), root dry (45.97
and 53.66%) and fresh weight (45.62 and 25.14%) in normal and saline conditions respectively. A signif-
icant enhancement in chlorophyll a, b, total and carotenoids of maize leaves also validated the imperative
role of 1.00NBC than 0NBC in saline and normal soil. Application of 1.00BC also significantly decreases
leaves electrolyte leakage and Na concentration in root and leaves over 0NBC in saline soils. In conclusion,
1.00NBC is an effective amendment to improve maize growth in saline soil. More investigations are
suggested on different cereal crops under variable agroclimatic zones to declare 1.00NBC as the most
effective amendment for alleviation of salinity stress.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Soils of arid and semiarid areas of the world have low organic
residues, poor fertility status and are salt-affected (Oueriemmi
et al., 2021; Qadir et al., 2007). High temperatures with low rainfall
are crucial factors in these areas which played a notorious role in
the intensive decomposition of organic residues (Xu et al., 2021).
Poor organic matter where not only disturb the soil structure but
also decreases the bioavailability of essential micronutrients to
the plants (Arif et al., 2021; Garcia et al., 2017). It also adversely
affects soil health due to the formation of some complexes which
decrease the microbial metabolic efficiency under low organic resi-
due (Liu et al., 2021). Furthermore, saline conditions, increase the
uptake of Na, Ca, Mg and Cl by decreasing the bioavailability of
essential nutrients in plants which causes a significant reduction
in growth and yield (Dustgeer et al., 2021). To overcome this prob-
lem, the application of organic amendments in the soil is an effec-
tive technique that mostly shows positive effects in this regard
(Rahi et al., 2021; Sultan et al., 2020; Zafar-ul-Hye et al., 2021).

Many organic compounds are utilized as organic fertilizers in
agriculture. These organic amendments include farmyard manure,
green manure, humic substances, and compost (De Corato, 2021;
Karmegam et al., 2021; Khayat, 2021; Mghaiouini et al., 2021;
Radziemska et al., 2021). These organic fertilizers not only improve

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2022.102292&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2022.102292
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:musarrat.ramzan@iub.edu.pk
mailto:naila.sarwar@iub.edu.pk
mailto:naila.sarwar@iub.edu.pk
mailto:liaqatali@iub.edu.pk
mailto:talahmadi@ksu.edu.sa
mailto:rahulmedcure@gmail.com
https://doi.org/10.1016/j.jksus.2022.102292
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


M. Ramzan, N. Sarwar, L. Ali et al. Journal of King Saud University – Science 35 (2023) 102292
soil’s physical, chemical and biological attributes but also provide
essential nutrients to the plant (Lazcano et al., 2021). It also pro-
vides sufficient for the microbial population which played a critical
role in increasing their positive actions towards improvement in
soil ecology and plant productivity (Dahunsi et al., 2021; Viketoft
et al., 2021; Zafar-ul-hye et al., 2020). On the other hand, the sus-
ceptibility of these organic residues towards fast decomposition is
a major concern in arid and semiarid areas of the world. Continu-
ous application of these organic fertilizers in bilk amount not only
increase the cost of growers but also is laborious (Ajwa and
Tabatabai, 1994). That’s decomposition resistant activated
biochar is gaining the attention of scientists (Danish et al., 2020;
Danish and Zafar-ul-Hye, 2020; Sultan et al., 2020; Younis et al.,
2020).

Activated carbon is an organic amendment that has the poten-
tial to improve soil fertility (Danish et al., 2015; Danish and Zafar-
ul-Hye, 2019; Hashmi et al., 2019; Yaseen et al., 2021). Its produc-
tion under high temperatures and limited availability of oxygen by
the process of pyrolysis makes it resistant to decomposition (Fang
et al., 2021; Feng et al., 2021). It can significantly enhance the
nutrient holding capacity of soil due to height and exchange capac-
ity. On the other hand, biochar also provides nutrients to the plants
which are an integral part of the structure. These nutrients become
part of the soil nutrients labile pool when irrigation is applied
(Haider et al., 2022; Joseph et al., 2021). However, the production
of biochar under such high temperature and anaerobic conditions
is a major problem for industries (Sultan et al., 2020). Scientists
are working now on the production of acidified carbon, especially
for alkaline nature soils (Sultan et al., 2020). This acidified carbon
can significantly decrease soil pH which imperatively regulates
the nutrient dynamics in soil (Ahmed et al., 2021). It has also been
observed that significant improvement in organic residues of soil
also facilitates the bioavailability of the nutrient when acidified
carbon is applied to the soil as an amendment (Sultan et al.,
2020). Furthermore, the chemical production of this carbon is also
cost and time effective that required less precautions compared to
thermo pyrolyzed biochar (Sultan et al., 2020).

In addition to the above, to the feeding expanding population of
the world, agriculture is also facing intensive crop production
issues (AL-Aasmi et al., 2022). Cultivation of high yield cultivars
for the achievement of maximum crop yield has become a neces-
sity of time (Madan et al., 2022). These high yielding varieties have
also increased the consumption of inorganic fertilizers which are
an important part of the green revolution (Madan et al., 2022).
Among different inorganic fertilizers nitrogen (N) is the most
important one which is usually applied in the form of urea,
diammonium phosphate and ammonium nitrate (Bian et al.,
2022; Machado et al., 2022; Qi and Pan, 2022; Wakeel et al.,
2022). Most farmers like the practice of over nitrogen use for the
achievement of maximum yield. However, this increase in the
use of N fertilizer where increases the chances of the weeds prob-
lem, it also enhances the environmental risks associated with the
overuse of N fertilizers (Diacono et al., 2013). It has been observed
that more than 33 % of overused N is lost after application as fertil-
izers either in the form of ammonia or nitrate ions (Diacono et al.,
2013; Madan et al., 2022; Yan et al., 2022; Yu et al., 2022).

Nitrogen deficiency is also a major agriculture issue (Azimi
et al., 2021). Limited uptake of nitrogen in plants can cause severe
disturbance in root to shoot ratio. It can shorten lateral branches in
plants with a decrease in the size of leaves. Under highly N defi-
cient conditions, the disintegration of chloroplast is a common
phenomenon that can cause the death of plants (Azimi et al.,
2021). As a permanent soil property, it is difficult to modify soil
texture. However, the role of texture is also vital in nitrogen man-
agement. A sandy texture soil has a low retention potential for
nitrogen ions compared to clay. In this soil leaching of nitrate is
2

a dominant mechanism that significantly decreases the bioavail-
ability of N to plants (Kühling et al., 2021).

So far, attempts have been made with sulphuric acid to produce
acidified carbon. However, the current is novel where nitric acid is
used to produce acidified carbon along with sulphuric acid. The
study novelty was to introduce nitrate enrichment in acidified car-
bon which is an important form of N bioavailable for the plants.
The study aimed to explore the effectiveness of acidified chemi-
cally produced nitrogen blended carbon against salinity stress. This
study will cover the knowledge gap regarding the use of nitrogen
blended chemically produced carbon (NBC) as an amendment
against salinity stress and improvement in maize growth. It is
hypothesized that NBC may be an effective approach to alleviate
the salinity stress in maize.
2. Materials and methods

2.1. Experimental site and design

A pot experiment was conducted in the research area
(29.3788N and 71.7652E) of the Department of Botany, The Islamia
University Bahawalpur. The design of the experiment was a com-
pletely randomized design (CRD). Two factorial arrangements of
treatment were made i.e., salinity levels and nitrogen blended
chemically produced carbon (NBC).

2.2. Production and characterization of NBC

For the production of NBC modification in methods of Sultan
et al. (2020) was done. Instead of using H2SO4, 2:1 mixture of
HNO3 and H2SO4 was used. When carbon was produced then it
was passed through 2 mm sieve. Finally, fine powder of NBC was
applied as per the treatment plan in the soil. For pH and EC assess-
ment of NBC, it was mixed in 1:20 w/v ratio in deionized water.
Final readings were taken on pre-calibrated pH and EC meter
(Shi et al., 2017). Di-acid mixture HNO3:HClO4 in 2:1 ratio was
used for the digestion of NBC at 200 �C on a hot plate (Miller,
1998). Yellow color method was used for the assessment of P in
NBC on a spectrophotometer (Chapman and Pratt, 1961). Potas-
sium, sodium and calcium were examined in digested material
by running it on a flame photometer (Donald and Hanson, 1998).
For the determination of N in NBC, digestion was done with
H2SO4 at 380 �C. After that Kjeldhal’s distillation apparatus was
used for the assessment of total N in NBC (Bremner, 1996). Ash
content (AC) and volatile matter (VM) in NBC were examined by
heating the sample in a muffle furnace at 550 �C and 450 �C respec-
tively (Danish et al., 2019). The fixed carbon in BC and AAC was cal-
culated using the equation Noor et al. (2012).

Fixed Carbon %ð Þ ¼ 100� ð%Volatile Matterþ%AshContentÞ
The characteristic of NBC is provided in Table 1.

2.3. Salinity and soil characterization

Naturally normal and saline soils were collected from nearby
research areas. Soil EC was used as the main factor for the assess-
ment of salinity. After analysis, it was noted that normal soil EC
was 2.75 dS/m while saline soil EC was 6.19 dS/m. The hydrometer
method was used for the assessment of sand, silt and clay. The final
soil texture was computed by using USDA textural triangle (Gee
and Bauder, 1986). For examination of soil EC and pH, 1:10 and
1:1 w/v ratio of soil and deionized water was mixed. After that
pH of the soil paste was analyzed in a pre-calibrated pH meter.
However, extraction was done for EC and extracted solution was
run on EC meter for final EC determination (Page et al., 1983;



Table 1
Characteristics of NBC and soil.

NBC Soil

Attributes Units Values Attributes Units Normal Saline

pH – 6.54 Sand % 30 30
EC dS/m 3.96 Silt % 30 30
Volatile matter % 15.54 Clay % 40 40
Ash content % 26.78 Texture – Clay Loam
Fixed C % 57.68 pHs – 8.02 8.67
Total N % 3.47 ECe dS/m 2.75 6.19
Total P % 0.21 Organic matter % 0.45 0.30
Total K % 0.97 Total N % 0.023 0.015
Total Na % 0.12 Extractable P mg kg�1 7.21 3.44
Total Ca % 0.23 Extractable K mg kg�1 136 98
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Rhoades, 1996). For analysis of total organic matter potassium
dichromate and ferrous ammonium sulphate were utilized as per
standard protocol (Sparks et al., 1996). Extracting Olsen’s reagent
was used for extraction of available P. Final values of P were com-
puted on a spectrophotometer by taking absorbance at 880 nm
(Kuo, 1996). Assessment of extractable K was done by using
ammonium acetate solution. Final readings were noted by running
the extracting solution on a flamephotometer (Donald and Hanson,
1998).

2.4. Treatment plan and NBC application

There were six treatments with 3 replications. The treatments
include control (No NBC) + normal soil (2.75 dS/m EC), 2.75 dS/m
EC + 0.5 %NBC (0.50NBC), 2.75 dS/m EC + 1.00 %NBC (1.00NBC), sal-
ine soil (6.19 dS/m EC), 6.19 dS/m EC + 0.50NBC and 6.19 dS/m
EC + 1.00NBC. On w/w basis NBC was applied in soil as per treat-
ment plan manually.

2.5. Irrigation characteristics and application

The moisture in the pots were maintained at 65 % field capacity
of soil. For irrigation purpose tap water was used. The characteris-
tics of tap water were pH = 6.89, EC = 0.34 dS/m, carbonates = 0.00
(meq./L), bicarbonates = (3.27 meq./L), chlorides = (0.40 meq./L)
and Ca + Mg = (3.21 meq./L) (Estefan et al., 2013).

2.6. Seeds collection and sowing

Seeds of maize YH 1898 variety was collected from a local cer-
tified seeds shop. Initially, weak and damaged seeds were screened
out manually. After that, 4 seeds were sown in each pot. When
seeds get germinated, thinning was done to maintain 2 seedlings
per pot for further experiment.

2.7. Fertilizer application

Nitrogen fertilizer was applied at the rate of 227.24 kg ha�1 in
three separate aliquots. Phosphorus (143.26 kg ha�1) and K
(91.93 kg ha�1) were applied as a basal dose at the time of sowing
(Saboor et al., 2021).

2.8. Harvesting and data collection

Plants were harvested at the vegetative phase of maturity (be-
fore tillering) (Saboor et al., 2021). Shoot length, root length, shoot
fresh and dry weight, root fresh and dry weight were recorded
soon after harvesting. For dry weight analysis, samples were
oven-dried at 65 �C for 48 h. After the achievement of constant’s
weight, analytical grade balance was used for measurements.
3

2.9. Gas exchange attributes

IRGA (infrared gas analyzer) was utilized to the determination
of photosynthetic rate, transpiration rate and stomatal conduc-
tance on a sunny day (9 and 11 am) (Danish and Zafar-ul-Hye,
2019; Saboor et al., 2021).
2.10. Chlorophyll contents

For the determination of chlorophyll contents, initially grinding
and then extraction was done by using 80 % acetone. After that
absorbance was recorded on a spectrophotometer at 645, 663
and 480 nm (Arnon, 1949; Kirk and Allen, 1965; Sims and
Gamon, 2002).

Chlorophyll a mgg�1� � ¼ 12:7 OD663ð Þ � 2:69 OD645ð Þ � V
1000 ðWÞ
Chlorophyll b mgg�1� � ¼ 22:9 OD645ð Þ � 2:69 OD663ð Þ � V
1000 ðWÞ
Total Chlorophyll ðmgg�1Þ ¼ Chlorophyll aþ Chlorophyll b

Where,

OD = Optical density (wavelength).
V = Final volume made.
W = Fresh leaf weight (g).

2.11. Electrolyte leakage

Electrolyte leakage (EL) was measured using the method Lutts
et al. (1996). Leaf discs of equal size (1 g) were dipped in 15 ml
of deionized water (DI) water and incubated for 2 h at 25 �C in test
tubes. Initial EC of the solution (EC1) was taken after incubation.
Samples were again autoclaved at 120 �C for 20 min and final EC
(EC2) was measured after equilibrium at 25 �C.

EL ð%Þ ¼ EC1
EC2

� �
� 100
2.12. Statistical analysis

All the data were processed by using standard statistical proce-
dure (Steel et al., 1997). Two factorial ANOVA and Tukey’s test
were applied for the comparison of treatments. Origin2021Pro
software was used for making paired comparisons and Pearson
correlation graphs (OriginLab Corporation, 2021).
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3. Results

3.1. Shoot and root length

Results showed that treatments effects were significant on
shoot and length of maize cultivated under normal (2.75 dS/m
EC) and saline (6.19 dS/m EC) soil conditions. Under normal and
saline soil conditions, application of 1.00NBC remained signifi-
cantly best compared to 0.50 and 0NBC for enhancement in the
shoot (Fig. 1A) and root length (Fig. 1B) of maize. Treatment
0.50NBC also differed significantly better than 0NBC for improve-
ment in shoot and root length of maize in saline and normal soils.
The maximum increase in the root (32.86 and 77.84 %) and shoot
(74.17 and 67.57 %) length were observed in normal and saline soil
conditions respectively where 1.00NBC was applied compared to
0NBC.

3.2. Shoot fresh and dry weight

Application of treatments differed significantly for shoot fresh
and dry weight of maize grown under normal and saline soil con-
ditions. Treatment 1.00NBC differed significantly best over 0NBC
for improvement in shoot fresh (Fig. 2A) and dry weight (Fig. 2B)
of maize under normal and saline soil conditions. No significant
Fig. 1. Effect of nitrate blended chemically produced carbon (NBC) different application r
saline (6.19 dS/m EC) soil. Different values on bars are p-values computed by paired com
NBC applied in soil); 1.00NBC (1.00 % w/w NBC applied in soil). Red bars are indicating

Fig. 2. Effect of nitrate blended chemically produced carbon (NBC) different application r
saline (6.19 dS/m EC) soil. Different values on bars are p-values computed by paired comp
no NBC); 0.50NBC (0.50 % w/w NBC applied in soil); 1.00NBC (1.00 % w/w NBC applied i
conditions.
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change was observed between 0.50NBC and 0NBC for shoot fresh
weight under normal and saline conditions. It was also observed
that 1.00NBC and 0.50NBC remained statistically alike to each
other for shoot fresh weight in normal and saline soils. However,
0.50NBC also differed significantly better from 0NBC for enhance-
ment in shoot dry weight of maize in normal and saline soils. Sim-
ilarly, 1.00NBC performed significantly better than 0NBC for shoot
dry weight in normal and saline soil conditions. The maximum
increase in shoot fresh (53.98 and 97.42 %) and dry weight
(53.20and 84.20 %) were observed 1.00NBC than 0NBC under nor-
mal and saline soil conditions respectively.

3.3. Root fresh and dry weight

Root fresh and dry weight was significantly affected due to the
application of different rates of NBC in normal and saline soils. The
addition of 1.00NBC differed significantly best over 0NBC for
improvement in root fresh (Fig. 3A) and dry weight (Fig. 3B) of
maize in normal and saline soil. Treatments 0.50NBC and 0NBC
did not differ significantly for root fresh and dry weight under sal-
ine conditions but were significantly different under normal soil. It
was also observed that 1.00NBC and 0.50NBC remained statisti-
cally similar to each other for root fresh and dry weight in saline
soils. However, 1.00NBC remained significantly better than
ates on the shoot (A) and root length (B) of maize under normal (2.75 dS/m EC) and
parison Tukey test; p � 0.05. 0NBC (control having no NBC); 0.50NBC (0.50 % w/w
salinity stress. Green bars are indicating normal soil conditions.

ates on shoot fresh (A) and dry weight (B) of maize under normal (2.75 dS/m EC) and
arison Tukey test; p � 0.05. Bars are means of three replicates. 0NBC (control having
n soil). Red bars are indicating salinity stress. Green bars are indicating normal soil



Fig. 3. Effect of nitrate blended chemically produced carbon (NBC) different application rates on root fresh (A) and dry weight (B) of maize under normal (2.75 dS/m EC) and
saline (6.19 dS/m EC) soil. Different values on bars are p-values computed by paired comparison Tukey test; p � 0.05. Bars are means of three replicates. 0NBC (control having
no NBC); 0.50NBC (0.50 % w/w NBC applied in soil); 1.00NBC (1.00 % w/w NBC applied in soil). Red bars are indicating salinity stress. Green bars are indicating normal soil
conditions.
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0.50NBC for shoot fresh and dry weight in normal. The maximum
increase in root dry (45.97 and 53.66 %) and fresh weight (45.62
and 25.14 %) were noted in 1.00NBC over 0NBC under normal
and saline soil conditions respectively.
3.4. Chlorophyll contents

Chlorophyll contents i.e., chlorophyll a, chlorophyll b and total
chlorophyll and carotenoids were differed significantly by different
Fig. 4. Effect of nitrate blended chemically produced carbon (NBC) different application r
of maize under normal (2.75 dS/m EC) and saline (6.19 dS/m EC) soil. Different values o
means of three replicates. 0NBC (control having no NBC); 0.50NBC (0.50 % w/w NBC appli
stress. Green bars are indicating normal soil conditions.

5

rates of NBC applied in normal and saline soils. Under normal and
saline soil conditions, the addition of 1.00NBC remained signifi-
cantly best over 0.50 and 0NBC for improvement chlorophyll a
(Fig. 4A), chlorophyll b (Fig. 4B), total chlorophyll (Fig. 4C) and car-
otenoids (Fig. 4D) of maize. Application of 0.50NBC also differed
significantly over 0NBC for enhancement in chlorophyll b, total
chlorophyll and carotenoids of maize in saline and normal soils.
However, results showed 0.50NBC did not show any significant
change in chlorophyll a under saline conditions. On the other hand,
ates on chlorophyll a (A), chlorophyll b (B), total chlorophyll (C) and carotenoids (D)
n bars are p-values computed by paired comparison Tukey test; p � 0.05. Bars are
ed in soil); 1.00NBC (1.00 % w/w NBC applied in soil). Red bars are indicating salinity
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0.50NBC was significant for improvement in chlorophyll a under
normal soil conditions. Maximum enhancement in chlorophyll a
(65.97 and 64.95 %), chlorophyll b (72.64 and 76.39 %), total chloro-
phyll (68.80 and 69.82 %) and carotenoids (43.48 and 44.64 %) were
observed in normal and saline soil conditions respectively where
1.00NBC was applied compared to 0NBC.
3.5. Leaves Na, root Na, electrolyte leakage and leaves N

Results showed that the effect of the treatment was significant
for leaves Na, root Na, electrolyte leakage and leaves N of maize
grown in saline and normal soils. No significant change in leaves,
root Na, electrolyte leakage and leaves N was noted among the
treatments in normal soil. Under saline soil conditions, 1.00NBC
caused a significant decrease in leave and root Na compared to
0NBC. However, 0.50 differed significantly only for root Na and
remained non-significant for leaves Na over 0NBC in saline soil
(Table 2). It was observed that both 1.00NBC and 0.50NBC caused
a significant decrease in electrolyte leakage and increase in leaves
N when applied in saline soil conditions than 0NBC. The maxi-
mum decrease in leaves Na (11.26 and 39.72 %), root Na (9.55
and 78.45 %), electrolyte leakage (9.07 and 65.75 %) and increase
in leaf N (11.11 and 30.77 %) were observed in normal and saline
soil conditions respectively where 1.00NBC was applied over
0NBC.
Table 2
Effect of nitrate blended chemically produced carbon (NBC) different application rates on le
(2.75 dS/m EC) and saline (6.19 dS/m EC) soil.

Salinity Treatments Leaves Na (mg/g DW)

Mean SE

2.75dS/m 0NBC 3.26 0.16
0.50NBC 3.07 0.07
1.00NBC 2.93 0.16

6.19dS/m 0NBC 8.97 0.39
0.50NBC 7.72 0.27
1.00NBC 6.42 0.55

Salinity Treatments Electrolyte Leakage (%)
2.75dS/m 0NBC 16.00 0.58

0.50NBC 16.67 0.88
1.00NBC 14.67 0.88

6.19dS/m 0NBC 38.67 2.60
0.50NBC 26.00 1.00
1.00NBC 23.33 1.20

Different letters are showing significant differences computed by paired comparison Tuke
0NBC (control having no NBC); 0.50NBC (0.50 % w/w NBC applied in soil); 1.00NBC (1.0
indicating normal soil conditions.

Table 3
Effect of nitrate blended chemically produced carbon (NBC) different application rates on ph
of maize under normal (2.75 dS/m EC) and saline (6.19 dS/m EC) soil.

Salinity Treatments Pn (lmol/m2/s1) E (

Mean SE Labelling Me

2.75dS/m 0NBC 12.56 0.17 ab 1.9
0.50NBC 12.93 0.13 a 2.1
1.00NBC 13.61 0.37 a 2.4

6.19dS/m 0NBC 10.61 0.17 c 1.5
0.50NBC 11.66 0.20 bc 1.6
1.00NBC 13.12 0.23 a 1.8

Different letters are showing significant differences computed by paired comparison Tuke
0NBC (control having no NBC); 0.50NBC (0.50 % w/w NBC applied in soil); 1.00NBC (1.0
indicating normal soil conditions.
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3.6. Gas exchange attributes

It was noted that the effect of treatments was significant for Pn,
E and gs of maize cultivated in saline and normal soils. A significant
change in Pn and gs of maize was noted in normal and saline soil
where 1.00NBC was applied over 0NBC. Under saline soil condi-
tions, 1.00NBC remained non-significant for E but significant in
normal soil compared to 0NBC (Table 3). However, 0.50 did not dif-
fer significantly for E over 0NBC in normal and saline soil. It was
observed that both 0.50NBC caused a significant increase in gs
when applied in saline soil conditions than 0NBC. The maximum
increase in Pn (8.36 and 23.66 %), E (25.64 and 14.56 %) and gs
(25.00 and 33.33 %) were noted in normal and saline soil
conditions respectively where 1.00NBC was applied compared to
0NBC Table 3.
3.7. Leaves and root K

Leaves and root K were significantly changed when different
rates of NBC were applied in normal and saline soils. Treatment
1.00NBC significantly enhanced leaves (Fig. 5 A) and root K
(Fig. 5 B) of maize over 0NBC in normal and saline soil. The addi-
tion of 0.50NBC and 0NBC did not differ significantly for leaves K
and root K under saline conditions and normal soils respectively.
However, significantly improved leaves K and root K in normal
aves Na (A), root Na (B), electrolyte leakage (C) and leaves N (D) of maize under normal

Root Na (mg/g DW)

Labelling Mean SE Labelling

c 2.41 0.07 d
c 2.33 0.13 d
c 2.20 0.11 d

a 13.58 0.49 a
ab 10.36 0.34 b
b 7.61 0.63 c

Leaves N (%)
c 0.18 0.0055 abc
c 0.19 0.0034 ab
c 0.20 0.0071 a

a 0.13 0.0057 d
b 0.16 0.0054 c
b 0.17 0.0052 bc

y test; p� 0.05. Means are an average of three replicates. SE (Means standard error);
0 % w/w NBC applied in soil). Red bars are indicating salinity stress. Green bars are

otosynthetic rate = Pn (A), transpiration rate = E (B) and stomatal conductance = gs (D)

lmol/m2/s1) gs (mmol/m2/s1)

an SE Labelling Mean SE Labelling

5 0.05 bc 0.08 0.0015 b
9 0.06 b 0.09 0.0032 ab
5 0.07 a 0.10 0.0020 a

8 0.04 d 0.06 0.0052 c
8 0.03 d 0.07 0.0012 b
1 0.03 cd 0.08 0.0023 b

y test; p� 0.05. Means are an average of three replicates. SE (Means standard error);
0 % w/w NBC applied in soil). Red bars are indicating salinity stress. Green bars are



Fig. 5. Effect of nitrate blended chemically produced carbon (NBC) different application rates on leaves K (A) and roots K (B) of maize under normal (2.75 dS/m EC) and saline
(6.19 dS/m EC) soil. Different values on bars are p-values computed by paired comparison Tukey test; p � 0.05. Bars are means of three replicates. 0NBC (control having no
NBC); 0.50NBC (0.50 % w/w NBC applied in soil); 1.00NBC (1.00 % w/w NBC applied in soil). Red bars are indicating salinity stress. Green bars are indicating normal soil
conditions.

Fig. 6. Pearson correlation for different studied attributed amended with different levels of nitrate blended chemically produced carbon (NBC) under normal (2.75 dS/m EC)
and saline (6.19 dS/m EC) soil. The blue colour is indicating a negative while the red colour is indicating a positive correlation.

M. Ramzan, N. Sarwar, L. Ali et al. Journal of King Saud University – Science 35 (2023) 102292
and saline soils. Pearson correlation showed that electrolyte leak-
age, root Na and leaves Na were negative in correlation with all
other studied attributes of maize in normal and saline soil. Leaves
N, leaves K and root K were significantly positive in correlation
with chlorophyll contents, morphological growth attributes and
gas exchange attributes of maize (Fig. 6).
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4. Discussion

In salt-affected soils, the higher concentration of Na ions com-
petes with K and NO3 ions for their bioavailability to plants. Such
conditions also imposed toxic effects on crop growth due to defi-
ciency of essential macronutrients and the development of osmotic
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stress (Turcios et al., 2021; Wang et al., 2013). In a specific, defi-
ciency of K also facilitates the higher uptake of Na (Botella et al.,
1997). According to Amin et al. (2021) sodium chloride is the most
important salt which adversely affects the growth of crops under
saline conditions. Excessive uptake of Na in plants caused biosyn-
thesis of reactive oxygen species (ROS). These ROS act as a poten-
tial toxin at the cellular level, thus inducing oxidative stress (Oi
et al., 2020). Disruption of cellular membrane and derailing of
homeostasis caused anatomical changes in chloroplast under sal-
ine conditions. i.e., oval and expanded mesophyll cells which
remained elongated in shape under normal conditions (Oi et al.,
2020). Loss in chloroplast structure due to activation of chylase
by endogenous stress ethylene is also well documented. Higher
salinity stress facilitates the biosynthesis of this ethylene in plants
(Matile et al., 1997).

Results of the current study also validated these findings where
chloroplast contents were significantly decreased in maize under
salinity stress conditions. Application of 0.50 and 1.00NBC caused
significant improvement in growth attributes of maize. This
enhancement was mainly due to better uptake of N and K. Further-
more, less Na concentration in maize plants root and leaves mini-
mize toxic effects when 1.00NBC was applied as an amendment.
The improvement in chloroplast was associated with less uptake
of Na and better accumulation of K and N in leaves by the addition
of NBC. Furthermore, regulation of gas exchange attributes by NBC
also validated the positive effects of K in maize plant leaves.

Better uptake of K caused a reduction in ROS synthesis by min-
imizing the activity of nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidases and maintenance of photosynthetic
electron transport activity (Waraich et al., 2012). Under optimum
K uptake, stomatal guard cells become swollen via the absorption
of water. Such conditions resulted in stomatal opening and the
allowance of gaseous exchange between the environment and
plants. Thus, K also controls the evapotranspiration (ET) of water
through stomatal pores (Cochrane and Cochrane, 2009). In addition
to the above, photosynthesis, carbohydrate translocation and
metabolism that eventually increase the crop productivity and
improve grain quality are also regulated by the balance uptake of
K (Lu et al., 2016; Pettigrew, 2008; Zörb et al., 2014).

Application of 1.00NBC significantly improved N in maize over
0NBC in the current experiment. Better N uptake positively affects
the photosynthetic process via facilitating Rubisco synthesis
(Heckathorn et al., 1996). The improvement in photosynthetic rate
in the current study was also associated with better uptake of N in
1.00NBC and 0.50NBC compared to 0NBC. Improvement in N
uptake in plants facilitates mesophyll cell division and epidermal
cell elongation. Both of these cells are considered key components
of plants which played an imperative role enhancement of mor-
phological growth attributes (MacAdam et al., 1989; Zeiger and
Taiz, 2010). It also regulates cell cycle progression, biomass accu-
mulation and growth under kinase activity, thus causing a signifi-
cant increase in plant growth (Jüppner et al., 2018). The positive
correlation of root and shoot fresh and dry weight with N in leaves
is in agreement with the above arguments.
5. Conclusion

It is concluded that NBC has the potential to enhance maize
growth under salinity stress. Improvement in chlorophyll contents
was due to better uptake of N in maize leaves by the application of
1.00NBC than 0NBC. A significant improvement in stomatal con-
ductance and transpiration rates was also associated with better
uptake of K in root and shoot by 1.00 NBC under salt-affected soils.
8

The application of 1.00NBC is a more efficacious approach than
0.50 and 0NBC for improvement in maize production in salt-
affected soils. Growers are recommended to apply 1.00 % NBC for
the achievement of optimum maize productivity in saline condi-
tions. More investigations are suggested in different agroclimatic
to declare NBC as the best amendment for alleviation of salinity
stress in maize.
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