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Abstract 

Soil carbon and Organic components can be amended by supplying appropriate sources rich in Nitrogen 
and carbon. Nano biochar can be used to lift up soil fertility status and soil moisture. Water shortage at 
critical crop growth and development stages reduces crop final product. Study under discussion was carried 
out to determine optimized level of Nano biochar at optimum period to avoid economic and yield losses. 5 
treatments (NBC0-Control, NBC1@ 0.25 %, NBC2 @ 0.50 %, NBC3 @ 0.75 % and NBC4 @ 1.00 %) and 
3 drought treatments (D0 = Control, D1 = Drought at tillering and D2 = Drought at anthesis) were used in 
this experiment. Drought at anthesis was identified as most damaging compared to other induced drought 
levels. Study revealed that all applied NBC levels acted as anti-drought agents however, NBC3= 0.75 % 
acted as best anti-drought agent by showing higher crop growth and other attributes essential in 
determining crop yield. NBC4 @1 % (100g) increased leaf area index by 25.6%, RWC 18.3%, chlorophyll 
content 35.5%, stomatal conductance 6.9% and Bio-chemical attributes such as APX 28.4% %, CAT 16.1 
%, POD 15.7 % and SOD by 33.5 % at control treatment (D0). Similar trends were seen at D1 and D2 as 
well. At D2, 23.5%, 26.05%, 8.01%, 23.5% increases were observed for plant height, number of fertile 
tillers, spike length and grain yield respectively. 

Index Terms- Biochar, Tillering, Anthesis, Catalase, APX 
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1. INTRODUCTION 

Agriculture sector of Pakistan contributes about 20% of GDP, providing 45% of the 
country's workforce and directly or indirectly supporting about 67% of the population for 
livelihood (Chandio et al., 2019). Among the major crops of agriculture, wheat is the 
second most produced grain in the world after rice and is used as a staple food for one 
third of the total population. As the staple food of the Pakistani people, wheat contributes 
about 10% to agricultural value addition and 2.2% to GDP of Pakistan (Economic survey 
of Pakistan, 2019). Any internal or external factor related to agriculture could decline the 
country's GDP and affect a large part of the country's population. 

Drought stress is the most common restrictive reason in agricultural production. There 
are predictions that drought stress will increase in the coming years globally (Nadeem et 
al., 2019). According to Raza et al., 2012, drought stress reduced many agronomic (Plant 
height, number of tiller, leaf area index), physiology (chlorophyll content, stomatal 
conductance and water potential) and yield parameters (biological and grain yield) as 
well. Moisture deficit conditions produced reactive oxygen species within the plant, which 
damage the cell wall and some organelles, including mitochondria. chloroplast and 
nucleic acid (Salim et al., 2021, Hussain et al., 2019, Mubarak et al 2021, and 
Hasanuzzaman et al., 2020; Mehboob et al. 2020ab). To tackle ROS issue, crops 
developed a defense mechanism system which include the release of superoxide 
dismutase (SOD), peroxide (POD), catalase (CAT) and ascorbate (APX). These enzymes 
reduce the detrimental loss of reactive oxygen due to drought stress (Saleem et al., 2016, 
Abdelsalam et al., 2022; Rasheed and Malik, 2022; Javed et al., 2022). 

The Biochar addition increases the organic matter content (e.g. organic carbon) in the 
soil, so fixes the physicochemical and biological properties of the soil (Han et al., 2020). 
Moreover, biochar has higher surface area and porosity than other chemical or biological 
soil agents, allowing it to adsorb/retain nutrients/water and provide a habitat to support 
micro-soil organisms (Ramadan et al., 2020). Nanobiochar produced at low temperatures 
(e.g. 300 and 400°C) have lower surface areas ranging from 5.6 to 47.2 m2 g-1, 
respectively, while surface areas produced at high temperatures (450 and 600 °C) are 
significantly higher (342 at 430 m2 g-1) (Leng et al., 2021).  

The destruction of alkyl and ester functional groups during pyrolysis may be responsible 
for the high surface area (Wang et al., 2018). However, the surface area is determined 
by the hemicellulose content of the biomass. Even under high-temperature conditions, 
the surface area of nano-biochar produced from lignin-rich biomass is lower than that of 
nano-biochar produced from hemicellulose-rich biomass (Li et al., 2020). However, rice 
husk and corn stover nano-biochar have high surface areas of 298 and 364 m2 g-1 at 
500 °C, and their pyrolysis temperatures are relatively low compared to rice husk biochar 
(Zhang et al., 2020). So the increased surface area provides more space for water 
holding/suspension and fertiliser retention by reducing percolation and evaporation.  
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In the context of above-stated facts, this study aimed to mitigate the negative impact of 
drought at tillering and anthesis stages of wheat crop under pot/ wire house experiment. 
We hypothesized that applying 0.25%, 0.50% 0.75% and 1% nanobiochar (from wheat 
straw) would not only mitigate the drought stress but also enhance various agronomic 
and yield parameters of the wheat crop. 
 
2. MATERIALS AND METHODS 

Experimental layout 

Wire house (pot) experiment was performed at the Agronomic research area of, The 
Islamia University of Bahawalpur to study the effect of nano-biochar on wheat under 
drought stress during the growing season of 2020-2021. Faisalabad-2008 variety was 
obtained from RARI (Regional Agriculture Research Institute Bahawalpur) and sown on 
25th November 2020 in pot (32 × 36cm) having 10 kg of sieved soil. Two factors were 
studied during the experiment 1- drought, 2-Nanobiochar levels. Drought was applied at 
tillering stage (D1) and anthesis stage (D2) while D0 was considered no drought with 
normal irrigation.  

Four levels of nanobiochar were applied T1=0.25% (25g), T2=0.50% (50g), T3=0.75% 
(75g), T4=1.0% (100g) and T0 as the control treatment. Nanobiochar was obtained from 
Shanghai Hainuo Carbon Industry Co., Ltd China. The study was laid out in a completely 
randomized design with factorial arrangements having three replications in each 
treatment. The recommended dose of NPK 160:100:60 kg/ha was applied at the time of 
sowing. Fifteen seeds were sown at equal distance in each pot, however, after tillering 
stage 10 plants per pot was maintained. 

Soil analysis 

Before sowing, soil samples were taken from experimental pots and placed in tagged 
polyethylene bags. These bags were shifted to Soil and Water Testing Laboratory, 
Regional Agriculture Research Institute Bahawalpur. Various physio-chemical 
parameters were measured which showed pH=7.22, EC=2.54, Organic Matter=.95%, P 
content=6.62ppm, K content=115ppm with sandy loam soil texture.  

Water analysis 

Canal water was used as irrigation during this study and analysed through Soil and Water 
and Testing Laboratory Bahawalpur. The testing observed the following measurements; 
Sodium Adsorption Ratio (SAR)= 0.64 mmolc L-1, Chloride (Cl)-1=.80 mmolc L-1, 
Bicarbonate (HCO)-2=6.99 mmolc L-1, Sodium Na+1= 1.23 mmolc L-1, Calcium+ 
Magnesium (Ca+Mg)+2=7.10 mmolc L-1 respectively.  

Meteorological data 

Weather measurement was noted after the experiment from observatory unit which 
showed the average precipitation of 15.50 mm and temperature of 28.170C during the 
growing season.  
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Growth parameters 

Leaf area index, chlorophyll content, stomatal conductance, relative water content, and 
plant height were measured during the growth phase of crop.  LAI was calculated using 
the formula given by Watson (1947). 

  LAI = Leaf area/Land area 

Chlorophyll content was measured by using Arnon’s method [43]. Fresh leaves of 0.1g 
were grounded and placed in 80% acetone overnight. After that sample was centrifuged 
for 5 minutes at 10000 rpm and The absorbance were measured at 645 nm and 663 nm 
wavelength, and the given formula measured chlorophyll 

Chl a = [12.7 (OD 663) -2.69 (OD 645)] × V/1000 × W 

Chl b = [22.9 (OD 645)- 4.68 (OD 663)] × V/1000 × W                  

Stomatal resistance/conductance measurements were made with an automatic 
porometer MK-3 (Delta-T Devices, Burwell Cambridge, England) Hertford, Herts, 
England). 

 For RWC, third leaf from top (fully expanded youngest leaf) of each plants and 
each pot was used to determine the leaf relative water content (RWC). Immediately after 
cutting at the base of lamina, leaves were sealed within plastic bag and quickly transferred 
to the lab. Fresh weight (FW) was determined within two hours after excision of leaves. 
Then turgid weight (TW) was obtained after soaking leaves in distilled water for 16-18 
hours at room temperature. After soaking, leaves were quickly and carefully blotted dry 
with tissue paper to calculate turgid weight. Dry weight (DW) was obtained after oven 
during the leaf samples for 72 hours at 70 C◦. Relative water content was calculated by 
using the following formula of Barrs and Weatherly (1962): 

RWC (%) = (FW – DW)/ (TW – DW) × 100 

Where FW= fresh weight  

            DW= dry weight 

            TW= turgid weight 

Yield Parameters 

For calculating the yield, number of fertile tillers (NFT), number of grain per spike, number 
of spikelets/spike, spike length (cm), grain weight (g), biological yield (g/pot), grain yield 
(g/pot) and harvest index were measured. NFT was counted in each pot after the 
completion of tillering stage, while spike length was calculated with measuring tap at the 
time of harvesting. Digital balance was used for BY, GY and grain weight because of 
0.01g error. Crop was harvested and threshed manually. 

Antioxidant activities 

H2O2 decomposition rate at 240nm indicated the CAT activity as proposed by Hwang et 
al., (1999)]. POD activity was recorded per the method Kar and Mishra gave [1976]. 
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Superoxide dismutase enzyme activity was observed by measuring the 50% inhibition 
rate of nitroblue tetrazolium chloride reduction (Giannopolitis C. N, and Ries S.K, 1997).  
minutes at 10000 rpm and The absorbance were measured at 645 nm and 663 nm 
wavelength and chlorophyll was measured by the given formula 

Chl a = [12.7 (OD 663) -2.69 (OD 645)] × V/1000 × W 

Chl b = [22.9 (OD 645)- 4.68 (OD 663)] × V/1000 × W                  

Stomatal resistance/conductance measurements were made with an automatic 
porometer MK-3 (Delta-T Devices, Burwell Cambridge, England) Hertford, Herts, 
England). 

For RWC, third leaf from top (fully expanded youngest leaf) of each plants and each pot 
was used to determine the leaf relative water content (RWC). Immediately after cutting at 
the base of lamina, leaves were sealed within a plastic bag and quickly transferred to the 
lab. Fresh weight (FW) was determined within two hours after the excision of leaves. Then 
turgid weight (TW) was obtained after soaking leaves in distilled water for 16-18 hours at 
room temperature. After soaking, leaves were quickly and carefully blotted dry with tissue 
paper to calculate turgid weight. Dry weight (DW) was obtained after oven during the leaf 
samples for 72 hours at 70 C◦. Relative water content was calculated by using the 
following formula of Barrs and Weatherly (1962): 

RWC (%) = (FW – DW)/ (TW – DW) × 100 

Where FW= fresh weight  

            DW= dry weight 

            TW= turgid weight 

Yield parameters 

For calculating the yield, number of fertile tillers (NFT), number of grain per spike, number 
of spikelets/spike, spike length (cm), grain weight (g), biological yield (g/pot), grain yield 
(g/pot) and harvest index were measured. NFT was counted in each pot after the 
completion of tillering stage, while spike length was calculated with measuring tap at the 
time of harvesting. Digital balance was used for BY, GY and grain weight because of 
0.01g error. Crop was harvested and threshed manually. 

Antioxidant activities 

H2O2 decomposition rate at 240nm indicated the CAT activity as proposed by Hwang et 
al., (1999)]. POD activity was recorded per the method Kar and Mishra gave [1976]. 
Superoxide dismutase enzyme activity was observed by measuring the 50% inhibition 
rate of nitroblue tetrazolium chloride reduction (Giannopolitis C. N, and Ries S.K, 1997). 
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3. RESULTS AND FINDINGS 

Growth and yield parameters: 

Statistically analyzed data of plant height given in table 1 shows that different levels of 
NBC treatments and drought levels significantly influenced wheat plant height. Drought 
at anthesis showed maximum loss in plant height which were mitigated through the 
application of nanobiochar. Calculated loss of 32% at D2 was recovered to 23% at NBC3 
dose.  Research data analysis revealed that maximum plant height was reported under 
Control treatment (74.7 cm) at NBC3 and lowest in Drought at anthesis (43.52cm) at 
NBC0. 

NFT (Number of fertile tillers) was also seen, depicting the drought effect at both applied 
drought levels, where D2 showed maximum loss from 6.11 per pot to 4.72 per pot at 
control treatment. Surprisingly, similar NFT were obtained (6.89, 6.90) at D1 as 75g and 
100 g NBC was applied, respectively. Spike Length was increased from 10.68 cm to 11.41 
cm as 100g NBC was applied but not significant difference was seen at NBC3 and NBC4 
at D1. While at D2, the spike gained a length of 9.98 cm from 9.23 cm.  

Table 1: The Effect of nanobiochar on plant height (cm), number of fertile tillers 
(NFT), spike length (SL) (cm), number of grains/spike (NGS), grain weight (GW) 

(g), biological yield (BY) (g/pot) and grain yield (GY) (g/pot) of wheat under 
drought stress. While NBC0-Control, NBC1@ 0.25 %, NBC2 @ 0.50 %, NBC3 @ 

0.75 % and NBC4 @ 1.00 %. 

Drought Treatments PH cm NFT SL cm NGS GW (g) BY (g) GY (g) 

 
 
D0 @ 
Control 

NBC0 64.74g 6.11g 11.32g 33.26e 37.22e 56.11e 24.65e 

NBC1 69.08e 6.65e 11.56d 34.35d 37.63d 56.695d 25.08d 

NBC2 72.04c 7.13c 11.78c 35.22c 38.02c 57.89c 26.3c 

NBC3 78.16a 7.57b 11.93b 36.3b 38.33b 59.68a 28.05a 

NBC4 74.7b 7.61a 11.98a 36.4a 38.44a 58.45b 26.83b 

D1@ 
Drought at 
Tillering 

NBC0 61.98h 5.49j 10.68j 29.22k 36.31j 52.735j 18.13j 

NBC1 61.56h 5.87i 10.92i 30.18i 36.62i 53.28i 19.17i 

NBC2 64.54g 6.36f 11.21h 30.87h 36.92h 54.5h 20.29g 

NBC3 70.64d 6.89d 11.38f 31.8f 37.12g 55.25g 21.64f 

NBC4 67.18f 6.9d 11.41e 31.82f 37.17f 56.03f 21.42f 

D2@ 
Drought at 
Anthesis 

NBC0 43.52m 4.72l 9.23o 28.12l 32.77o 50.59n 16.313k 

NBC1 48.16 l 5.14k 9.47m 29.23k 33.22m 51.23m 16.657k 

NBC2 51.14k 5.47j 9.633n 29.97j 33.54n 51.82l 18.21j 

NBC3 57.24 5.92h 9.95l 30.87h 33.72l 52.57k 19.96gh 

NBC4 53.78j 5.95h 9.98k 30.94g 33.81k 53.35i 19.74h 

LSD (p< 0.05) 0.99 0.04 0.028 0.04 0.02 0.052 0.34 

Drought at anthesis caused a maximum grain weight loss of 12%. However, this reduction 
was mitigated by applying various nanobiochar dose levels. 100g and 75 per pot NBC 
recovered the grain weight from 32.7g to 33.8g and 33.72g at D2, respectively.  

Application of 100g and 75g NBC gained the 8 % of grain yield at control treatment while 
after the implication of drought at tillering, the obtained loss was mitigated to 18%. 
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Similarly, biological yield depicted maximum reduction at D2, which were tackled through 
the application of nanobiochar. NBC3 (75g) dose recovered the reduction from 50.59g to 
52.57g.  

Physiological Data  

Leaf Area Index  

Statistically analyzed data of plant LAI given in fig 1 shows that different drought levels 
and Nano bio-char treatments significantly influenced wheat LAI. Maximum LAI was 
recorded in D0 treatment (1.96) at NBC4 and lowest in D2 (1.34) at NBC0. Among NBC 
levels highest LAI was recorded in NBC4 (1.96) and minimum in NBC0 (1.34). Regression 
analysis showed 94% R2 at D2, 91% at D1 and 97% at D0 indicating the experiment's 
reliability. 

 

Figure 1: Effect of nanobiochar on leaf area index of wheat under drought stress 
whereas NBC0-Control, NBC1@ 0.25 %, NBC2 @ 0.50 %, NBC3 @ 0.75 % and 

NBC4 @ 1.00 %. 

Chlorophyll Contents  

Statistically analyzed data of plant Chlorophyll Contents given in fig 2 shows that different 
drought levels and Nano bio-char treatments significantly influenced it. Maximum 
chlorophyll contents were recorded in D0 treatment (15.2) at NBC4 and lowest in D1 (6.8) 
at NBC0. Among NBC levels after drought stress, the highest CC was recorded in NBC3 
(11.4) at NBC3, which is significantly not at par with NBC4 (11.38). Regression graph of 
chlorophyll content of wheat showed a linear relationship with drought stress whereas 
increase in per unit applied drought stress may lead towards the change in chlorophyll 
content concerning 1.04x at control (D0). The linear equation for LAI under applications 
at D1 (Y=0.626x + 6.268) and D2 (Y=0.776x + 7.868) were predicted. The higher value 
of the coefficient of determination (94% and 95%) indicated that the results are liable and 
we can use nanobiochar to reduce the drought stress in wheat. 
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Figure 2: Effect of nanobiochar on chlorophyll content of wheat under drought 
stress whereas NBC0-Control, NBC1@ 0.25 %, NBC2 @ 0.50 %, NBC3 @ 0.75 % 

and NBC4 @ 1.00 %. 

Relative Water Contents  

Relative water content was seen high at D0 during the experiment. However, 
considerably low values were seen as drought at tillering (D1) and anthesis (D2) were 
applied. At NBC4, RWC was increased from 64.5% to 75.7% and 63.1 % to 74.2% at D1 
and D2, respectively, as shown in the figure 3. 

 

Figure 3: Effect of nanobiochar on relative water content of wheat under drought 
stress whereas NBC0-Control, NBC1@ 0.25 %, NBC2 @ 0.50 %, NBC3 @ 0.75 % 

and NBC4 @ 1.00 %. 

Stomatal Conductance (SC mmoleem-2s-1) 

Statistical analysis of stomatal conductance data shown in fig 4 represented that stomatal 
conductivity was significantly controlled by various nanobiochar treatments and drought 
levels during this study. Maximum range of stomata conductivity was recorded in D0 
treatment (445.8 mmoleem-2s-1) and minimum in D2 (416.01 mmoleem-2s-1). Among NBC 
levels highest level of SC was recorded in NBC3 (432.83 mmoleem-2s-1) and minimum in 
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NBC0 (409.04 mmoleem-2s-1). Regression coefficient of all three trend lines were 
observed to be over 93% which means that we can use nanobiochar as per this study for 
combating stomatal conductance reduction during drought. 

 

Figure 4: Effect of nanobiochar on stomatal conductance of wheat under drought 
stress whereas NBC0-Control, NBC1@ 0.25 %, NBC2 @ 0.50 %, NBC3 @ 0.75 % 

and NBC4 @ 1.00 %. 

Ascorbate peroxidase (APX Units mg-1 Pro. mint-1)  

Statistical analysis of ascorbate peroxidase shown in fig 4 represented that APX activity 
was significantly affected by applied drought and nanobiochar levels. The maximum rate 
of APX activity was recorded in NBC4 treatment (1.22) and the minimum at NBC0 (0.95) 
during the control experiment. While at D1 and D2, 1.21 to 1.31 and 1.22 to 1.45 were 
calculated at NBC4 respectively. 

 

Figure 5. Effect of nanobiochar on ascorbate activity of wheat under drought 
stress whereas NBC0-Control, NBC1@ 0.25 %, NBC2 @ 0.50 %, NBC3 @ 0.75 % 

and NBC4 @ 1.00 %. 
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Catalase Activity (CAT mg-1 Pro.mint-1)  

Statistical analysis of catalase activity shown in fig. 6 below represented that CAT activity 
was significantly affected by various nanobiochar treatments and drought levels. As 
drought applied, CAT activity increased to mitigate the applied stress within the plant. 
However, nanobiochar application further add this increase in CAT and hence improved 
the mitigating capacity of wheat for drought stress. Catalase activity increased from 2.31 
to 2.68 at D0, 3.45 to 3.78 at D1 and 4.54 to 4.93 at D2 from control to NBC4 treatment. 

 

Figure 6: Effect of nanobiochar on catalase activity of wheat under drought stress 

Peroxide Activity (POD Units mg-1 Pro. mint-1)  

Peroxide enzyme values during the study increased as drought levels and nanobiochar 
was applied as shown in the figure below. Significant results were observed during the 
nanobiochar application as 3.61 to 4.18 (Units mg-1 Pro. mint-1) at D0 and 4.09 to 4.60 at 
D1 and 4.53 to 5.1 (Units mg-1 Pro. mint-1) at D2 were noted after 100g NBC application 
respectively. 

 

Figure 7: Effect of nanobiochar on peroxide activity of wheat under drought 
stress whereas NBC0-Control, NBC1@ 0.25 %, NBC2 @ 0.50 %, NBC3 @ 0.75 % 

and NBC4 @ 1.00 %. 
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Superoxide Dismutase (SOD Units mg-1 Pro. mint-1)  

Similar trends have been observed in SOD as in CAT, where the drought application 
increase the enzymatic activity and nanobiochar application further increase the release 
of SOD in wheat crop. An increase of 110.3 to 147.3 at D0, 126.6 to 159.2 at D1 and 
138.6 to 171.1 at D2 has seen asNBC0 and NBC4 applied respectively. 

 

Figure 8: Effect of nanobiochar on super oxide dismutase activity of wheat under 
drought stress whereas NBC0-Control, NBC1@ 0.25 %, NBC2 @ 0.50 %, NBC3 @ 

0.75 % and NBC4 @ 1.00 %. 

4. DISCUSSIONS 

Nano biochar treatment has a good impact on wheat plant height. Hussain et al. (2008) 
noted that water stress significantly impacts cell division. Poor plant height is caused by 
the dehydration of plant cells and decreased turgidity, which impair protoplasmic 
processes and reduce cell division. Any degree of water deficit resulted in a reduction in 
the plant's height (Raza et al., 2012). When 0.75 percent nanobiochar was used, there 
was a 6.88 percent increase in plant height. This study supports the findings of Lehman 
et al., who claimed that biochar facilitates the assimilation of nutrients by wheat, 
increasing plant height.  

Larger spike length on a plant increases the likelihood of more spikelets and a higher 
yield (Raza et al., 2012). According to Parida and Das (2005), a water-limited environment 
reduces the spike length by slowing down plant metabolic processes due to the absence 
of water in various plant functions. When nanobiochar was applied at 0.75 percent, spike 
length increased by 28.43 percent. According to Haider et al., (2020), applying biochar 
may boost the nutrients' availability, lengthening the spikes.  

For the wheat crop to grow properly, water is necessary. Drought also impacted the 
amount of grains and spikelets per spike. The number of grains per spike decreases 
during drought (Raza et al., 2012). When nano biochar was bended at 0.75 percent, grain 
per spike increased by 9.5%, 8.9% and 10 percent at D0, D1 and D2, respectively. 
Improved nutrition absorption leads to longer spikes and more grains thanks to biochar. 
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More spike length leads to more spikelets per spike, and more spikelets per spike leads 
to more grains per spike (Shahzadi et al., 2017).  

According to Raza et al. (2012), the anthesis stage is when drought stress has the 
greatest negative effects on grain yield. In water-stress situations, nutrient uptake is also 
affected, which reduces grain yield and weight. According to Dotaniya and Meena (2015), 
increased nutrient uptake by the plant promotes greater plant development. Biochar has 
been proven to increase the amount of organic matter in the soil. The biological yield 
decreases as plant growth decreases due to water shortage. Limited water supply greatly 
damaged the Biological yield of wheat (Raza et al., 2012). When nano biochar was used, 
biological yield increased by 4.1%, 6.2 and 5.4 percent at D0, D1 and D2 respectively. 

According to Raza et al. (2012), drought stress reduced the plant's leaf area, lowering 
chlorophyll in the plant's tissues. According to Raza et al. (2017), drought stress 
enhanced reactive oxygen species that harm chloroplast and hence reduces leaf area. 
An increase of 25.6 to 23.1 percent in leaf area was observed at control treatment and 
drought at anthesis in this study.  According to Gill and Tuteja (2010), the amount of 
chlorophyll also fell when leaf area dropped. Nano biochar caused average 34.2 percent 
increase in leaf chlorophyll content and a 23.1 percent rise in LAI. This rise is because 
biochar may increase the amount of organic matter in the soil, improve plant functions, 
and enhance chemicals that control development as stated by Shahzadi et al., (2017).  

Raza et al., (2012) reported that when there is limited water availability, it lowers the 
relative water contents in leaf. The highest RWC decreased when drought occurs at the 
anthesis stage of up to 17.59%. Higher the LAI might help increase the leaf water contents 
(Zaheer et al., 2019). The biochar application in plant might produce growth regulators. 
Kumari et al. (2018) reported that higher crop leaf area and higher water availability result 
in higher wheat RWC. The relationship between the leaf's Relative water content, is 
directly proportional to osmotic, and turgor potentials (Raza et al., 2012 a). This increase 
might be due to more available K as biochar increase soil fertility and water holding 
capacity (Imran et al., 2020). Potassium is the main osmotic solute in the plant cell, 
accumulating water in the cell and increasing relative water content. Biochar application 
in plants may result in the production of growth regulators. 

The present study indicated that drought stress reduces photosynthetic activity and leads 
to low stomatal conductance. However, after applying nanobiochar, as water holding 
capacity increased, reduction in stomatal conductance were mitigated as stated by Bilal 
et al (2022) where 42.7% stomatal conductance was improved while in our study 7% 
recovery was seen. Similar findings were observed by Raza el 2012 that decreased 
amount of chlorophyll leads to low leaf area and less stomatal conductance. This 
decreased effect might be brought on by a lower nutritional intake or a decrease in 
cytokine production, resulting in poor cell division, poor relative water content, and poor 
stomatal conductance. 

Drought stress in wheat increased the release of anti-oxidants enzymes including APX, 
CAT, POD and SOD. The higher values of these enzymes try to compensate the ongoing 
drought stress by hampering the release of reactive oxygen species, while biochar 
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application increased soil-plant relation, water withholding capacity and improve cell 
growth (Ilyas et al., 2020, Mustafa et al., 2021 and Shahzaman et al., 2021). 
 
5. CONCLUSION 

A Nano Biochar is a soil amendment that is used to improve soil carbon and organic 
contents. Drought stress is a main abiotic stress that severely reduced crop growth and 
yield. However, soil amendment such as nanobiochar is useful to enhance soil fertility 
and maintain soil moisture. Nano Biochar application @0.75 % has maximum positive 
effect on crop growth, yield and physiological attributes for better crop and help reduce 
drought stress's negative impact. However, nanobiochar is a nauscence in agriculture 
and needs more exploration. 
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