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The use of inorganic fertilizers has become increasingly necessary due to the depletion of soil fertility.
Inadequate nutrient levels in both plants and soil can be remedied with the application of fertilizers.
However, to achieve optimal results, it is recommended to supplement inorganic fertilizers with organic
alternatives such as biochar. Despite its benefits, the high pH of activated carbon presents a significant
challenge to its use in alkaline soil. Recent studies have shown that acidified carbon can be used instead
of alkaline activated carbon. Moreover, the use of biofertilizers is crucial for maintaining soil quality. The
purpose of the current study was to investigate the effects of using biofertilizers, inorganic nitrogen fer-
tilizer, and acidified carbon fertilizer in combination on fenugreek growth and chlorophyll concentra-
tions. A pot experiment was conducted using calcium ammonium nitrate (CAN) and three levels of
acidified carbon (BC) at 0, 0.75, and 1.50%, with and without the addition of biofertilizer (BF). The results
revealed that 1.50CANBC + BF was the most effective supplement for improving soil characteristics such
as pH, EC, and overall organic matter. The application of 0.75CANBC + BF was found to be a successful
treatment for promoting fenugreek growth and enhancing nitrogen absorption. To achieve better fenu-
greek quality by reducing electrolyte leakage and MDA, and increasing chlorophyll levels, gardeners
are advised to use 1.50CANBC + BF. However, to establish 1.50CANBC + BF as the optimal method for
fenugreek growth in poor fertility and high pH soils, further experimental studies in various agro-
climatic conditions are necessary.
� 2023 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

Most medicinal plants are utilized in traditional and modern
medicines (Jabborova et al., 2019). Fenugreek (Trigonella foenum-
graecum L.), is one of such medicinal plants which belongs to Faba-
ceae (Gaber et al., 2020). It is also utilized as a forest legume and
traditional spice. Many diseases can be cured using fenugreek.
Some of the major diseases include diabetes, head colds, cancer,
influenza, bronchial complaints, constipation, asthma, pneumonia,
emphysema, pleurisy, sore throat, tuberculosis, and fever (Smith
and others, 2003). The consumption of fenugreek seeds played a
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positive role in the regulation of blood cholesterol and sugar levels
(Acharya et al., 2006). Furthermore, it is an important source of
Vitamins B1, A, and C. Fenugreek also provides a sufficient amount
of carbohydrates (40 to 60%), protein (20 to 30%), and fixed oil (5 to
10%) (El-Gawad et al., 2021). That’s why it is widely cultivated as a
diet for humans. However, the growth and yield of fenugreek are
adversely affected due to the limited availability of nutrients espe-
cially nitrogen and poor soil health.

Intensification in the cultivation of crops at the global level is
one of major factor which has depleted soil fertility (Quddus
et al., 2022). Under such critical situation, inorganic fertilizers have
provided a great support to replenish the depleted nutrients in soil
(Quddus et al., 2022). Among variable fertilizers, nitrogen (N) fer-
tilizers are dominant that usually growers applied for the cultiva-
tion of crops (Yang et al., 2004). It played an imperative role in
the enhancement of amylose, starch contents, and chlorophyll for-
mations in plants (Wang et al., 2021). The role of nitrogen in the
formation of adenosine triphosphate is also vital which provides
a significant amount of energy to the cells for metabolic action
(Bassi et al., 2018). Being a part of DNA, nitrogen is considered
one of the important components of the existence of life on the
earth (Minchin and Lodge, 2019). On the other hand, nitrogen also
played an important role in the improvements in the quality attri-
butes of cultivated crops (Kichey et al., 2006). However, the main
problem associated with the use of N fertilizers includes their
potential losses in the form of leaching and volatilization
(Rahman et al., 2020). Such a decrease in the availability of N as
a result of their losses not only deteriorates the soil health but also
played a significant role in decreasing crops productivity (Quddus
et al., 2022).

Biochar is one such organic amendment that can decrease the
volatilization and leaching losses of N fertilizers when applied to
the soil as an amendment (Ibrahim et al., 2021; Mazhar et al.,
2020). It is produced by the process of pyrolysis under a limited
supply of oxygen (Lehmann et al., 2011). Different types of agricul-
tural waste can be utilized for the manufacturing of biochar (Thies
and Rillig, 2009). The nature and quality of biochar are dependent
on the pyrolysis feedstock and temperature (Thies and Rillig,
2009). The high surface area and nutrient holding capacity of bio-
char made it the most feasible organic amendment for soil (Hashmi
et al., 2019). However, the high pH of biochar made it a less feasible
amendment for alkaline soils (Aslam et al., 2021; Jahan et al.,
2022). To overcome this problem some this scientist suggests
incorporating the acidified carbon into the soil the improvement
of soil organic carbon and decreasing the soil pH (Ahmed et al.,
2022; H. Sultan et al., 2020a). Acidified carbon has the potential
to improve the soil organic matter and increase the bioavailability
of nutrients through improvement in soil chemical attributes
(Ahmed et al., 2021; H. Sultan et al., 2020a).

While significant research has been conducted on the use of
biochar and inorganic nitrogen fertilizers, there is a paucity of lit-
erature exploring the efficacy of acidified carbon in conjunction
with calcium ammonium nitrate (CAN). CAN was selected for this
study because it contains both ammonical and nitrate forms of
nitrogen, which are subject to potential losses via ammonical
volatilization and nitrate leaching during crop cultivation. This
study aimed to investigate the effectiveness of acidified carbon in
improving the growth, chlorophyll content, nitrogen uptake, and
quality of fenugreek. To address this knowledge gap, the current
study aimed to investigate the performance of biofertilizer (BF)
in the presence of acidified carbon (BC) and CAN on fenugreek
growth, chlorophyll content, and nutrient uptake. It is hypothe-
sized that variable application rates of BC in combination with rec-
ommended levels of CAN and BF could improve fenugreek
production in low fertility and high pH soils.
2

2. Materials and methods

2.1. Experimental site

A pot experiment was conducted in the research area
(30�15034.900N 71�30052.600E) of the department of Soil Science Fac-
ulty of Agricultural Sciences and Technology Bahauddin Zakariya
University Multan. The climate of the experimental site was arid
to semi-arid.

2.2. Design of experiment

The experimental design was completely randomized design
(CRD). All the treatments were applied in three replicates.

2.3. Seeds collection and sowing

Fenugreek seeds were collected from the certified seed dealer of
the local market. Manual screening of healthy seeds was done ini-
tially before sowing. Sowing of seeds was done manually by hand.
A total of 20 seeds were sown in each pot. After germination of
seeds, thinning was performed to maintain 10 seedlings per pot
(Younis et al., 2015). For the soil of seeds soil was collected from
research area having characteristics i.e., sand (30%), silt (30%), clay
(40%), texture (clay loam), pHs (8.51), ECe (2.75 dS/m), organic
matter (0.65%), total N (0.0325%), available P (3.21 mg/kg) and
extractable K (114 mg/kg).

2.4. Acidified carbon manufacturing and application

Acidified carbon was manufactured according to the methodol-
ogy of Sultan et al. (2020). For the acidification of carbon concen-
trated sulphuric acid was utilized. After that this carbon was
mixed with granules of Calcium Ammonium Nitrate (CAN) (recom-
mended application rate 8 kg N /acer) in 0.75 and 1.50% (w/w of
soil) application rate. The physiochemical attribute of acidified car-
bon includes pH (3.42), EC (5.96 dS/m), volatile matter (25.54%),
ash content (6.87%), fixed C (67.59%), total N (0.47%), total P
(0.11%), total K (0.21%), total Na (0.07%) and total Ca (0.17%).

2.5. Biofertilizer

The biofertilizer was purchased from the local company. As per
ingredients, the biofertilizer was enriched with the Bacillus sp.
According to the application rate of the biofertilizer, 5 ml was
applied on 100 g of seeds by using sugar solution (10%) as coating
material. In the control, the same sugar solution was applied in the
same amount on seeds to eliminate the factor of sugar.

2.6. Fertilizer application

The application of fertilizer was done at the rate of 5 kg nitrogen
and 8 kg P2O5 per acre as per the requirement rate provided by the
government of Punjab Pakistan. Calcium Ammonium Nitrate was
purchased from a certified dealer in the local market to provide
nitrogen. The fertilizer was composed of 26% ammoniacal + nitrate
forms of nitrogen.

2.7. Irrigation

In each pot, irrigation was provided at the rate of 60% water
holding capacity of the soil. On a weight basis, this moisture level
was maintained in each throughout the experiment.
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2.8. Harvesting and morphological attributes

Harvesting was done after 27 days of germination. Morpholog-
ical growth i.e., attributes were examined soon after the harvest-
ing. Assessment of shoot and root fresh weight was done on the
analytical balance.

2.9. Root and shoot dry weight

For the determination of dry weight root and shoot samples
were packed in a paper bag and kept in an oven at 60 �C for 12 h.

2.10. Chlorophyll contents

Examination of chlorophyll content in the fresh leaves was done
by using acetone as extracting reagent. fresh leaf samples were
ground in the acetone (80%) and after that extract was filtered from
Whatman filter paper number 42. Finally, the equations of Arnon
(1949) were utilized for the assessment of chlorophyll a, chloro-
phyll b, and total chlorophyll contents in the leaves.

Chlorophyll a mgg�1� �

¼ 12:7 � Absorbance at 663ð Þ � 2:69 � Absorbance at 645ð Þ � V
1000 � ðWÞ

Chlorophyll b mgg�1� �

¼ 22:9 � Absorbance at 645ð Þ � 4:68 � A at 663ð Þ � V
1000 � ðWÞ

Total Chlorophyll ðmgg�1Þ ¼ Chlorophyll aþ Chlorophyll b
2.11. Nitrogen in roots and leaves

Assessment of Nitrogen concentration in roots and leaves, sam-
ples were digested by using concentrated sulphuric acid (98%) and
a digestion mixture. After digestion of samples, distillation was
done on Kjeldhal’s distillation apparatus for the final assessment
of total nitrogen in the roots and leaves (Bremner, 1996).

2.12. Electrolyte leakage

For the assessment of electrolyte leakage in the leaves, small
discs were cut of equal in size. After that one gram of discs was
dipped in a test tube having 15 ml of deionized water. Incubation
was them at 25C for 2 h and initial electrical conductivity was
assessed on an EC meter. After that samples were again autoclaved
at 105C for 2 h and the second electrical conductivity was deter-
mined by using a pre-calibrated EC meter (Lutts et al., 1996).

Electrolyte leakage ð%Þ ¼ EC1
EC2

� �
� 100
2.13. Malondialdehyde (MDA)

Thiobarbituric acid (TBA) methodology was utilized for exami-
nation of MDA in leaves tissue (Cakmak and Horst, 1991). First,
plant leaves were harvested and stored in a cool environment.
Then, the leaves were cut into small pieces and approximately
0.1 g of fresh weight was weighed into a microcentrifuge tube.
Next, 1 ml of 0.1% (w/v) TBA reagent was added to the tube. The
tube was placed in a boiling water bath for 30 min to allow for
the reaction between TBA and MDA to occur. After boiling, the tube
was removed from the water bath and quickly transferred to an ice
bath to cool the sample down. The tube was then centrifuged at
12,000 g for 10 min at 4 �C to pellet any remaining leaf debris. A
3

200 ll aliquot of the supernatant was taken and transferred to a
new microcentrifuge tube. To this, 800 ll of n-butanol was added,
the tube was vortexed vigorously, and then centrifuged at 12,000 g
for 10 min at 4 �C. A 200 ll aliquot of the top layer was taken and
transferred to a 96-well plate. The absorbance of the sample was
then measured at 532 nm using a spectrophotometer. This
methodology is commonly used to evaluate lipid peroxidation,
which is an indicator of oxidative stress, in plant tissues.
2.14. Amino acid

The total amino acids were assessed as per methodology of
Hamilton and Van Slyke (1943). Initially, the plant samples were
homogenized using a mortar and pestle. Then, approximately
0.2 g of the homogenized sample was weighed and transferred to
a test tube. Next, 1 ml of 10% (w/v) trichloroacetic acid was added
to the test tube containing the sample. The mixture was then cen-
trifuged at 5000 g for 10 min at room temperature. After centrifu-
gation, 0.5 ml of the supernatant was transferred to a new test tube
and 2.5 ml of 0.02 M sodium carbonate and 0.25 ml of 2,4-
dinitrophenylhydrazine were added. The mixture was then incu-
bated in a water bath at 37 �C for 2 h. After incubation, 5 ml of
5% (v/v) sodium hydroxide was added to the mixture to stop the
reaction. The absorbance of the resulting solution was then mea-
sured at 440 nm using a spectrophotometer.
2.15. Total soluble protein

For quantification of total soluble proteins, 200 mg of fresh
leaves were mixed with phosphate buffer (4 ml). Centrifugation
was done for 5 min at 6,000 g. Finally supernatant absorbance
was taken at 595 nm on a spectrophotometer. Total soluble protein
was evaluated by using the formulae of Bradford (1976).
2.16. Statistical analysis

Standard statistical procedures were used for the analysis of
data (Steel and Torrie, 1996). Two factorial analysis of variance
was applied for the distinction of significance among treatments.
Each treatment was compared with other treatments by Fisher’s
LSD test. Origin 2021 software was used for the development of
graphs. Chord diagrams were made to examine the average share
of each treatment for bringing changes in respective attributes.
3. Results

3.1. Soil pH, EC and OM

Results showed that under 0, 0.75 and 1.50CANBC, inoculation
of biofertilizer (BF) caused significant decline in soil pH. Further-
more, soil pH was significantly lower in 0.75CANBC + BF and
1.50CANBC + BF compared to 0CANBC + BF. Similar kind of results
regarding significant decrease in soil pH was also noted in
0.75CANBC and 1.50CANBC over 0CANBC (Fig. 1A). Chord diagram
showed that 1.50CANBC was the best treatment for decline in soil
pH compared to 0CANBC with and without BF (Fig. 1B).

It was noted that that under 1.50CANBC, treatment BF caused
significant enhancement in soil EC from sole application of
1.50CANBC. No significant change in soil EC was noted where 0
and 0.75CANBC were applied with and without BF. Furthermore,
increasing rate of CANBC i.e., 0.75 and 1.50% also caused significant
increase in soil EC over 0CANBC (Fig. 2A). Chord diagram showed
that 1.50CANBC gave maximum shared for enhancement in soil
EC over 0CANBC (Fig. 2B).



Fig. 1. Effect of CANBC different application rates with and without biofertilizer on soil pHs. Bars are average (n = 3) ± SE. Letters on bars are showing significant changes at
p � 0.05 compared by Fisher LSD (A). Chord diagram is showing the percentage contribution of each CANBC treatment for soil pHs with and without BF (B). CANBC = biochar
coated calcium ammonium nitrate; BF = Biofertilizer.

Fig. 2. Effect of CANBC different application rates with and without biofertilizer on soil EC. Bars are average (n = 3) ± SE. Letters on bars are showing significant changes at
p � 0.05 compared by Fisher LSD (A). Chord diagram is showing the percentage contribution of each CANBC treatment for soil EC with and without BF (B). CANBC = biochar
coated calcium ammonium nitrate; BF = Biofertilizer.
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Results showed that treatments 0.75 and 1.50CANBC, caused
significant enhancement in soil OM from 0CANBC with and with-
out BF. No significant change in soil OM was observed among BF
and without BF where 0 and 1.50CANBC was applied. Furthermore,
a significant increase in soil OM was noted at 0.75CANBC + BF over
0.75CANBC + NoBF (Fig. 3A). Chord diagram showed that
1.50CANBC gave maximum shared for enhancement in soil OM
over 0CANBC (Fig. 3B).

3.2. Fresh and dry weight of shoot and root

Inoculation of BF caused significant enhancement in SFW over
No BF under 0, 0.75 and 1.50CANBC. Increasing rate of CANBC
i.e., 0.75 and 1.50 also induced significant improvement in SFW
compared to 0CANBC with BF. No significant change in SFW was
observed where 0.75 and 1.50CANBC were applied without BF.
However, sole application of 0.75 and 1.50CANBC remained signif-
icantly better for the enhancement in SFW compared to 0CANBC
4

(Fig. 4A). Chord diagram showed that 1.50CANBC gave maximum
shared for enhancement in SFW over 0CANBC (Fig. 4B).

A significant improvement was noted in the RFW where BF is
supplied as compared to NoBF. It was also noted that an increase
in the concentration of CANBC (0.75 and 1.50%) also differed signif-
icantly for the improvement in the RFW. Treatment
1.50CANBC + BF performed significantly best for enhancement in
RFW over 0CANBC + NoBF (Fig. 5A). Chord diagram showed that
1.50CANBC gave maximum shared for enhancement in RFW over
0CANBC (Fig. 5B).

It was noted that 0.75 and 1.50CANBC + NoBF performed signif-
icantly better as over 0CANBC + NoBF for SDW. Application of
1.50CANBC + BF performed significantly best over 0 and
0.75CANBC + BF for increase in SDW. Furthermore,
0.75CANBC + BF also differed significantly for the enhancement
in SDW compared to 0CANBC + BF (Fig. 6A). Chord diagram showed
that 1.50CANBC gave maximum shared for enhancement in SDW
over 0CANBC (Fig. 6B).



Fig. 3. Effect of CANBC different application rates with and without biofertilizer on soil OM. Bars are average (n = 3) ± SE. Letters on bars are showing significant changes at
p � 0.05 compared by Fisher LSD (A). Chord diagram is showing the percentage contribution of each CANBC treatment for soil OM with and without BF (B). CANBC = biochar
coated calcium ammonium nitrate; BF = Biofertilizer.

Fig. 4. Effect of CANBC different application rates with and without biofertilizer on shoot fresh weight. Bars are average (n = 3) ± SE. Letters on bars are showing significant
changes at p � 0.05 compared by Fisher LSD (A). Chord diagram is showing the percentage contribution of each CANBC treatment for shoot fresh weight with and without BF
(B). CANBC = biochar coated calcium ammonium nitrate; BF = Biofertilizer.
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Results showed that 1.50CANBC + NoBF remained significantly
better over 0CANBC + NoBF for RDW. No significant change was
observed between 0.75CANBC + NoBF over 0CANBC + NoBF for
RDW. Addition of 1.50CANBC + BF differed significantly compared
to 0 and 0.75CANBC + BF for improvement in RDW. In addition to
above, 0.75CANBC + BF was also significantly different for the
increase in RDW over 0CANBC + BF (Fig. 7A). Chord diagram
showed that 1.50CANBC gave maximum shared for enhancement
in RDW over 0CANBC (Fig. 7B).
3.3. Chlorophyll contents

Results disclosed that both 0.75 and 1.50CANBC + NoBF were
significantly different from 0CANBC + NoBF for chl. a. No significant
change was noted between 0.75CANBC + NoBF and
1.50CANBC + NoBF for chl. a. Treatments 1.50CANBC + BF was
significantly different from 0CANBC + BF for enhancement in Chl.
a. Besides that, 0.75CANBC + BF was also significant for the incre-
ment in Chl a. over 0CANBC + BF (Fig. 8A). A significant change
5

was also existed between 0.75CANBC + NoBF and
1.50CANBC + NoBF for chl. b. Treatments 1.50CANBC + BF was
significantly better from 0CANBC + BF for increment in
Chl. b. Besides that, 0.75CANBC + BF was also significant for the
enhancement in Chl. b. over 0CANBC + BF (Fig. 8B). It was noted
that treatment 0.75 and 1.50CANBC + NoBF caused significant
improvement over 0CANBC + NoBF for T. chl. No significant varia-
tion existed between 0.75CANBC + NoBF and 1.50CANBC + NoBF
for T. chl. Treatments 0.75 and 1.50CANBC + BF were significantly
different from 0CANBC + BF for increment in T. Chl. (Fig. 8C).
3.4. Stress indicators and quality attributes

Both treatments 0.75 and 1.50CANBC + NoBF induced signifi-
cant decrease over 0CANBC + NoBF in EL. No significant variation
was found between 0.75CANBC + NoBF and 1.50CANBC + NoBF
for EL. Treatments 1.50CANBC + BF differed significantly from
0CANBC + BF for decline in EL. However, 0.75CANBC + BF was
statistically alike to 0CANBC + BF for EL. Chord diagram showed



Fig. 5. Effect of CANBC different application rates with and without biofertilizer on root fresh weight. Bars are average (n = 3) ± SE. Letters on bars are showing significant
changes at p � 0.05 compared by Fisher LSD (A). Chord diagram is showing the percentage contribution of each CANBC treatment for root fresh weight with and without BF
(B). CANBC = biochar coated calcium ammonium nitrate; BF = Biofertilizer.

Fig. 6. Effect of CANBC different application rates with and without biofertilizer on shoot dry weight. Bars are average (n = 3) ± SE. Letters on bars are showing significant
changes at p � 0.05 compared by Fisher LSD (A). Chord diagram is showing the percentage contribution of each CANBC treatment for shoot dry weight with and without BF
(B). CANBC = biochar coated calcium ammonium nitrate; BF = Biofertilizer.
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that 0CANBC gave maximum shared for decline in EL over
1.50CANBC (Table 1). Addition of 1.50CANBC + NoBF caused signif-
icant decline over 0CANBC + NoBF for AsA. No significant variation
was found between 0.75CANBC + NoBF and 0CANBC + NoBF for
AsA. Treatments 0.75 and 1.50CANBC + BF differed significantly
from 0CANBC + BF for decrease in AsA (Table 1). Chord diagram
showed that 0CANBC gave maximum shared for decline in AsA
over 1.50CANBC. Results showed that addition of 0.75 and
1.50CANBC + NoBF induced significant decrease over
0CANBC + NoBF in MDA. A significant change of decline was noted
between 0.75CANBC + NoBF and 1.50CANBC + NoBF for MDA. Addi-
tion of 1.50CANBC + BF remained significantly different from
0CANBC + BF for decline in MDA. Chord diagram showed that
0CANBC gave maximum shared for decline in MDA over
1.50CANBC. Addition of 0.75 and 1.50CANBC + NoBF induced sig-
nificant increase over 0CANBC + NoBF in amino acid. A non-
significant change of increment was noted between
0.75CANBC + NoBF and 1.50CANBC + NoBF for amino acid. Addition
of 1.50CANBC + BF remained significantly different from
6

0CANBC + BF for enhancement in amino acid. Chord diagram
showed that 1.50CANBC gave maximum shared for enhancement
in amino acid over 0CANBC. Results showed that addition of
1.50CANBC + NoBF induced significant increase over
0CANBC + NoBF in protein contents. A non-significant change of
increment was noted between 0.75CANBC + NoBF and
0CANBC + NoBF for protein contents. Addition of 1.50CANBC + BF
remained significantly different from 0CANBC + BF for enhance-
ment in protein contents. Chord diagram showed that 1.50CANBC
gave maximum shared for improvement in protein contents over
0CANBC.

3.5. Nitrogen in leaves and roots

Application of 0.75 and 1.50CANBC + NoBF caused significant
increase over 0CANBC + NoBF in leaves N. A non-significant varia-
tion was observed between 0.75CANBC + NoBF and
1.50CANBC + NoBF for leaves N. Addition of 0.75 and
1.50CANBC + BF differed significantly from 0CANBC + BF for



Fig. 7. Effect of CANBC different application rates with and without biofertilizer on root dry weight. Bars are average (n = 3) ± SE. Letters on bars are showing significant
changes at p � 0.05 compared by Fisher LSD (A). Chord diagram is showing the percentage contribution of each CANBC treatment for root dry weight with and without BF (B).
CANBC = biochar coated calcium ammonium nitrate; BF = Biofertilizer.

Fig. 8. Effect of CANBC different application rates with and without biofertilizer on chlorophyll a (A), chlorophyll b (B) and total chlorophyll (C). Bars are average (n = 3) ± SE.
Letters on bars are showing significant changes at p � 0.05 compared by Fisher LSD (A).
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Table 1
Effect of CANBC different application rates with and without biofertilizer on electrolyte leakage (EL), ascorbic acid contents (AsA), MDA, amino acid contents and protein contents.

CANBC Bio-fertilizer EL
(%)

AsA
(mg/g)

MDA
(lg/g)

Amino Acid (mg/g) Protein (mg/g)

Mean Label Mean Label Mean Label Mean Label Mean Label

0CANBC NoBF 32.33 a 1.28 a 1.52 a 0.33 d 14.33 d
0CANBC BF 20.33 cd 1.18 bc 1.33 c 0.35 cd 18.00 bc
0.75CANBC NoBF 26.00 b 1.24 ab 1.42 b 0.38 bc 16.33 cd
0.75CANBC BF 17.33 d 1.10 de 1.27 d 0.43 ab 21.67 a
1.50CANBC NoBF 23.67 bc 1.14 cd 1.26 d 0.40 abc 19.33 b
1.50CANBC BF 13.00 e 1.04 e 1.18 e 0.44 a 22.67 a

Means are showing average of 3 replicates. Letters on bars are showing significant changes at p � 0.05 compared by Fisher LSD. CANBC = biochar coated calcium ammonium
nitrate; BF = Biofertilizer.

Fig. 9. Effect of CANBC different application rates with and without biofertilizer on leaves nitrogen (A) and root N (B). Bars are average (n = 3) ± SE. Letters on bars are showing
significant changes at p � 0.05 compared by Fisher LSD (A).
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improvement in leaves N. (Fig. 9A). Treatments 0.75 and
1.50CANBC + NoBF induced significant enhancement over
0CANBC + NoBF in roots N. A non-significant variation was
observed between 0.75CANBC + NoBF and 1.50CANBC + NoBF for
roots N. Addition of 0.75 and 1.50CANBC + BF were statistically
alike to each other but differed significantly from 0CANBC + BF
for enhancement in roots N. (Fig. 9B).
4. Discussion

In current study, 0.75CANBC + BF and 1.50CANBC + BF per-
formed significantly best for the enhancement in growth attributes
i.e., root fresh and dry weight, chlorophyll contents and nitrogen
uptake in roots and leaves. This improvement was due to improve-
ment in soil organic matter, decrease in soil pH and better growth
of roots as a results of BF inoculation along with CANBC applica-
tion. Inoculation of growth promoting rhizobacteria improved the
root length of plants (Hussain et al., 2022; Khan et al., 2022).
Improvement in the root length played important role in increas-
ing the water and nutrients uptake which eventually caused
improvement in root and shoot fresh and dry weight (Danish
et al., 2020; Hussain et al., 2022; Zafar-ul-Hye et al., 2021). Nitro-
gen is building components of amino acids in the plants (The et al.,
2021). These amino acids act as elemental units for the manufac-
turing of enzymes and proteins. Nitrogen played an important role
in the biosynthesis of chlorophyll and primary metabolism. Pro-
teins are involved in a wide range of plant functions, such as enzy-
matic reactions, cell division, and plant defense mechanisms.
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When plants have access to adequate levels of amino acids, they
can synthesize proteins more efficiently, leading to better growth
and development. Proteins also play an important role in stress
responses in plants. During periods of stress, such as drought or
high temperatures, plants undergo changes in protein synthesis,
resulting in the accumulation of stress-specific proteins. These pro-
teins help plants to tolerate the stress by protecting cellular struc-
tures and maintaining cellular homeostasis (The et al., 2021). In
current study, improvement in amino acids and protein was due
to better uptake N in leaves and roots.

Furthermore, change in soil pH also regulates the soil nutrients.
This regulation in the soil nutrients via microbial proliferation or
change in soil chemical attributes enhanced the bioavailability of
immobilized nutrients (Sultan et al., 2020). Better uptake of nitro-
gen also aids in improvement of vegetative growth in the plants. It
provides energy to the plants which is required for better growth.
Many plants enzymes and proteins are also manufactured by the
uptake of N. This N provided the basic building block i.e., amino
acid to the plants which in return improves the protein contents
of plants. In current study, similar kind of findings were also noted
where improvement in the nitrogen concentration also caused a
significant enhancement in the amino acids and protein contents
of fenugreek where 0.75CANBC + BF and 1.50CANBC + BF were
applied compared to control. It was also observed that MDA and
electrolyte leakage were significantly higher in the control treat-
ment. This fact validated that fenugreek plants were subjected to
stress conditions when grown in control treatment. MDA is a
byproduct of lipid peroxidation, which occurs when there is an
overproduction of reactive oxygen species (ROS) in plant cells



L. Qian, M. Zakriya, M. Pervez et al. Journal of King Saud University – Science 35 (2023) 102848
under stress conditions. WhenMDA accumulates in plant tissues, it
can cause damage to cellular membranes, which can lead to a
decrease in cell function and plant growth. However, plants have
developed mechanisms to detoxify MDA, including the production
of enzymes such as peroxidases and catalases, which can break
down MDA into harmless products (Li et al., 2022). Ascorbic acid,
also known as vitamin C, is an antioxidant that can protect plant
cells from damage caused by ROS. Under stress conditions, plants
can increase their production of ascorbic acid to scavenge ROS
and prevent oxidative stress. Ascorbic acid can also regenerate
other antioxidants, such as tocopherols and glutathione, which fur-
ther helps to reduce oxidative stress in plants (Dolatabadian et al.,
2009). Similar kind of results were also noted in current study
where chlorophyll contents were significantly decrease in control
treatment fenugreek plants. Furthermore, the addition of
0.75CANBC + BF and 1.50CANBC + BF decrease the stress conditions
as a result of better nitrogen and water availability which eventu-
ally caused decline in MDA and electrolyte leakage. Better uptake
of N in the plants decreases the cell membrane damage via regulat-
ing the osmosis process. Such conditions decreases the synthesis of
reactive oxygen species (ROS) which also minimize the MDA syn-
thesis in the plants (Li et al., 2020). Similar results were also noted
in current study where MDA was highest in control while applied
treatments decrease MDA concentrations. Under abiotic condi-
tions, stress ethylene becomes significantly high in the plants. This
stress ethylene when become in contact with cell it degrades the
lipid layers which provide a change to ethylene to become in direct
contact with chlorophyllase (chlase) gene. Connection of ethylene
activates the chlorophyllase which degrades the chloroplast and
plants suffer from chlorosis (Matile et al., 1997).
5. Conclusions

Based on the findings of this study, it can be concluded that the
application of 1.50CANBC + BF is an effective technique for improv-
ing soil properties, such as soil pH, soil EC, and soil organic matter,
and enhancing the growth and nitrogen uptake of fenugreek. Fur-
thermore, the addition of 0.75CANBC + BF is also an efficacious
treatment for the enhancement of fenugreek growth and nitrogen
uptake. However, the application of 1.50CANBC + BF is a better
treatment for the improvement of quality attributes, such as pro-
tein and amino acid contents, in fenugreek. Growers are recom-
mended to apply 1.50CANBC + BF to achieve better fenugreek
growth by decreasing electrolyte leakage and MDA, and increasing
chlorophyll contents.
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