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Abstract 

Drought stress is a major constraint on wheat production worldwide. Organic amendments could be a 
possible option in semiarid climates to mitigate the adverse effects of drought at critical growth stages. 
Wheat straw biochar Three biochar treatments (BC0= 0 w/w (control), BC1= at 5% w/w, BC2= at 10% w/w) 
3 drought treatments (D0-control, D1-dry at tillering, D2 -Drought was used in this experiment at the 
anthesis stage. Drought stress significantly reduced the growth and yield of wheat at critical growth stages, 
application of Biochar significantly reduced the harmful effects of drought by improving plant height (12.5%), 
Spike length (14.6%) ) ), grains per spike (13.89%), thousand-grain weight (9.4%) and biological yield 
(10.2%) compared to the control treatment Furthermore, physiological parameters such as water use 
efficiency (26.9% ), stomatal conductance (32,43). %), chlorophyll a (13.3%), chlorophyll b (14.24%), and 
transpiration rate (23.17%) were also improved by biochar application. In essence, using biochar at 10% 
w/w) rate could be a successful strategy to promote wheat grain production by reducing the hazardous 
impacts of drought stress. 
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INTRODUCTION 

The agricultural sector is crucial for the country's economic growth and food security. 
Agricultural growth was vulnerable to arable land loss, climate change, water scarcity, 
and population growth. Increasing agricultural productivity, therefore, requires the 
adoption of new methods. Strong forward and backward linkages with secondary 
(industrial) and tertiary institutions (services) can play an important role in promoting 
economic growth. However, the sector remains vulnerable to several challenges, such as 
climate change, temperature changes, water scarcity, rainfall patterns, and inflation 
(Pakistan Economic Survey 2020-2021). Drought is one of the most damaging abiotic 
stresses, responsible for common yield losses worldwide (Rizwan et al, 2015). Wheat is 
sensitive to drought stress, especially during late developmental stages, known as 
terminal drought. Drought occurs when air and soil humidity is low, and air temperature 
is high; this results in a disparity between evapotranspiration flux and soil water 
absorption (Lipiec et al, 2013). To increase resistance to oxidative stress, tolerant plants 
face a significant challenge in adopting new and improved techniques (Akthar et al, 2021). 
Several factors influence a plant's response to drought, including duration and severity of 
stress, growth stage, physiological growth process, and plant genotype (Nawaz et al, 
2021; Tricker et al, 2018). Environmental factors (Khan et al, 2020), activation of the 
photosynthesis mechanism (Flexas et al, 2004; Naz et al, 2021) and different patterns of 
gene expression and respiratory activity. 

Drought stress is a major abiotic stress that significantly affects crop production 
worldwide. Exposure to drought stress poses significant challenges to plant life as it leads 
to damage to plant growth and development and affects plant growth (Ashraf et al., 2006: 
Xu et al., 2007; Lehmann et al, 2015) argued, that biochar has the potential to significantly 
improve and rehabilitate soil and water functions such as adsorption capacity, CEC, 
organic carbon content, water holding capacity, mechanical strength, and nutrient 
retention capacity. In summary, biochar improves soil fertility, quality, and enzymatic 
activity. In addition, due to the specific properties of biochar, it is decisive for eliminating 
water pollutants, toxins, and steroids (Jabborová et al 2020). Biochar (BC) is produced 
by the pyrolysis of organic matter in low-oxygen environments. It is gaining considerable 
attention as a soil amendment worldwide because of its potential to bind heavy metals, 
act as a carbon sink and reduce greenhouse gas emissions, helping to combat climate 
change (Rizwan et al, 2016; Abbas et al, 2018) There are numerous examples in the 
literature describing the beneficial effects of BC in the presence of trace elements 
(Rehman et al, 2016; Zhang et al, 2016). In addition, BC has been shown to improve soil 
water holding capacity but not available soil water content (Ali et al 2017). Biochar 
improved corn production, soil base saturation, and the amount of water available to 
plants (Cornelissen 2013). Soil application of BC has been reported to improve the growth 
and yield of sunflower (Paneque et al, 2016), canola (Bamminger et al, 2016) and wheat 
(Haider et al, 2020) under drought stress conditions. Biochar enrichment significantly 
improved stomatal conductance, water use efficiency, and photosynthesis in tomato 
crops under water deficit conditions. In addition, Haider et al. (2015) and Haider et al, 
(2020) and Kammann et al. (2019) for corn, wheat, and quinoa. 
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Biochar, a coal-like substance, is increasingly used in agriculture to improve soil fertility, 
improve crop production, sequester C in soil, and reduce greenhouse gas emissions 
(Lehmann, 2007: Pan, 2009, Zhang et al., 2010, Cayuelaetal., 2013 , Abivenetal., 2014;). 
It is produced by heating any type of organic waste (crop residues, animal droppings or 
poultry, etc.) to high temperatures through pyrolysis. Not very environmentally friendly 
due to its high odor (Keith et al., 2011: Singh et al., 2012; Zimmermann et al., 2012; 
Mehboob et al., 2020ab; Fang et al., 2014; Kuzyakov et al., 2014. By ameliorating the soil 
with biochar can have several agronomic advantages, as it can be added to degraded 
soils to improve soil structure and soil fertility (Lehmann et al., 2006), can increase ion 
transport capacity and reduce heavy metal toxicity to crops, increases retention capacity 
of water, resulting in higher crop yield (Glaser et al., 2002). In addition, adding biochar to 
soil effectively removes carbon, thereby reducing greenhouse gases, improving organic 
action, and mitigating nutrient leaching (Lehmann, 2007; Rasheed and Malik 2022; Javed 
et al., 2022). biochar in addition to amendment soil, can be effective in the remediation of 
soil contaminated with various inorganic and organic contaminants related to agricultural 
and livestock wastes (Kookana et al., 2011). Remove contaminants such as steroid 
hormones from solution (Sarmah et al., 2010), pesticides, veterinary antibiotics, metals 
(Uchimiya et al., 2010), and herbicides (Cao et al., 2009). So, the creators revealed 
biochar as a “super sorbent” (Lohmann, 2005). 
 
MATERIALS AND METHODS 

Experimental design and crop husbandry  

The experiment was conducted in Agronomic research area in faculty of agriculture and 
environment. The Islamia University of Bahawalpur, Pakistan (Latitude: 29˚ 23’ 60.00” N, 
Longitude: 71˚ 40’ 59.99” E) and was replicated three times using a randomized complete 
block design (RCBD) under factorial setting. Three biochar treatments were applied at 
each studied growth stage as following: BC0 (control), BC1 (5% w/w) biochar, 250 g pot-
1), and BC2 (10 % w/w biochar, 500 g pot-1) (Abbas et al, 2018) Drought was imposed 
at tillering (DTS), drought at anthesis stages, while full irrigation was considered as 
control. Wheat seeds (Galaxy 2013) were obtained from the Regional Agricultural 
Research Institute (RARI) Bahawalpur, and planted in plastic pots (28×24 cm) filled with 
5 kg sieve biochar mixed soil on November 28, 2020. The physiochemical analysis of soil 
is given in Table 1.  When required, a clear plastic sheet was placed over the wire house 
to protect the plants from rain. All pots were evenly watered until full emergence. Four 
plants per pot were maintained by uprooting extra plants after 18 days of sowing. 
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Table 1: Physical and chemical properties of the experimental soil. 

Parameters Soil Profile 

Sand 62% 

Silt 31.5% 

Clay 10% 

Texture class Sandy loam soil 

PH 7.21 

Electric conductivity (dSm-1) 2.47 

Ammoniac N (mg g-1) 1.55 

Organic matter (%) 0.95 

Available Phosphorus (ppm) 6.68 

Available Potassium (ppm) 109 

Biochar application and drought imposition  

The biochar was produced by pyrolyzing wheat straw at 500˚C in a vertical kiln as 
described by (Zhou et al, 2016), having the following properties: particle size 3 mm, bulk 
density 0.53 g cm-3, micropore surface area 73.6 m2 g-1, micropore volume 0.024 cc g-
1, cation exchange capacity is 13.4–14.8 c mol kg-1, ash content 20.7% and pH 
9.1(Haider  et al,2020) Every pot was watered in the same way since the drought began. 
Following that, 25% pot water holding capacity (WHC) was maintained under drought at 
tillering (DTS), drought at anthesis whereas 80% pot Water holding capacity was 
considered as a control. 

Recorded parameters Growth and yield parameters. 

Growth and yield-related parameters such as plant height (cm), spike length (cm), number 
of grains per spike, 1000-grain weight (g), biological yield per plant (g), and grain yield 
per plant (g) were recorded as per standard procedures/protocols. The harvest index (HI) 
was calculated as per following formula: HI ¼ Grain Yield Bilogical Yield 

Physiological parameters 

Leaf chlorophyll contents 

Hashem and El-Sherif extracted the photosynthetic pigments chlorophyll (Chl a) and 
chlorophyll (Chl b) in 80% (v/v) acetone and quantified them spectrophotometrically. A 
portable pulse amplitude modulation fluorometer was used to determine the fluorescence 
of chlorophyll in leaves (Handy PEA. Hansatech. Norfolk, UK). The leaves were dark 
adapted in a leaf clip for 30 minutes. Thirty measurements were collected for each 
treatment (three replicates of 10 leaves from different plants).  

Water use efficiency (kg ha-1 mm-1) 

Water use efficiency (WUE) was calculated using the following formula Hussain and Al 
gave. Jaloud (1995): 

Water use efficiency (WUE) = GY/TWA 
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Where GY = Grain yield (kg ha-1) and TWA = Total water applied. 

Leaf stomatal conductance (mmol of H2O m-2s-1) 

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

Plant height and spike length 

Drought stress significantly reduced plant height by 52, 40, and 15% and spike length by 
25%, 28%, and 20% at tillering, flowering, and grain filling stages, respectively, when 
compared with control treatment. Application of biochar (BC1 and BC2) alleviated the 
drought stress and increased plant height and spike length by 7, 12.6 And 9.9, 14.5%, 
respectively (Table 2).  

Yield attributes 

Drought stress at critical growth stages at tillernig and anthesis reduced the number of 
spikelets per spike (25.2, 28.3, and 38%), the number of fertile tillers (20.2, 24.6, and 
30.3%), the number of grains per spike (17.2, 16.4, and 27.6%), the 1000 grain weight, 
the grain yield (30.3, 33.5, and 42.6%), the biological yield (10.2, 18.4, and 23.7%), and 
the harvest index. Biochar had a beneficial impact in either drought or control 
circumstances, reducing drought effects or raising the values of the parameters above. 
However, BC (10%w/w) application yields a greater grain yield (10.4%) than BC 5%. 
Biochar treatment substantially decreased the impact of drought on yield-related 
characteristics of wheat such as spikelet. 

Table 2: The effect of biochar on plant height (PH, cm), spike length (SL, cm), 
number of grains per spike (NGPS), 1000-grain weight (GW, g), grain yield (GY, g 
pot-1), biological yield (BY, g pot-1), harvest index (HI) of wheat under drought 

stress. 

Experimental Factorization        Growth and yield Parameters 

Drought Levels Treat PH SL NGPS 1000GW BY GY HI 

D0 = Control T0 58.667 9.90 33.32 29.61 15.29 6.84 45.51 
 T1 60.200 11.13 35.55 32.24 15.83 7.85 47.56 
 T2 63.333 12.03 38.67 34.92 16.65 8.35 48.11 

D1 = Drought at tillering T0 42.067 8.56 28.32 26.05 11.34 5.50 44.45 
 T1 46.367 9.26 30.22 27.32 12.62 6.23 45.41 
 T2 49.033 11.23 33.55 29.64 13.23 6.92 46.52 

D2 = Drought at anthesis T0 38.967 6.83 28.33 24.52 11.33 5.12 41.46 
 T1 45.100 7.92 31.00 26.12 12.82 5.86 42.55 
 T2 50.900 8.63 33.82 27.90 13.47 6.27 44.22          

CK, DTS, Drought at anthesis indicates control, drought at tillering, flowering and anthesis 
stages respectively. BC0, BC1 and BC2 indicates control, 3% and 5% biochar respectively. 
Means sharing the same letter case are not significantly different at 5% probability level. 
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Water use efficiency and stomatal conductance 

Water shortage increased the efficiency of wheat water consumption when biochar was 
applied at different development stages, as indicated in Fig 2. WUE dropped by 40.42, 
and 30% under drought stress at tillering and anthesis, respectively, compared to the 
control treatment. Biochar (BC1 and BC2) significantly reduced the drought impact by 22% 
and 32%, respectively, compared to no biochar treatment. Similarly, stomatal 
conductance (m mol m-2 s -1) dropped by 11.7, 22, and 28.2% under drought stress at 
tillering and anthesis, respectively, compared to the control treatment. Moreover, BC1 and 
BC2 significantly reduced the drought impact by 25.2% and 39.4%, respectively, 
compared to the control treatment. Chlorophyll concentrations Biochar treatment 
substantially affected the chlorophyll content (a and b) of wheat leaves subjected to 
drought stress (Fig 3). Compared to the control treatment, adding biochar (5 and 10%) 
raised the chlorophyll contents a and b by 15, 22% and 11.3, 20%, respectively. While 
drought stress diminished Chlorophyll a and b by 30, 31.8, 19.4.% and 32.6, 35.2, 38.8%, 
respectively, compared to no biochar treatment at critical growth stages at tillering and 
anthesis of wheat. Under stressful circumstances, 10% biochar application resulted in 
more substantial effects.  

 

Fig 1: Stomatal Conductance affected by biochar application under drought 
stress at critical growth stages of wheat. D0, D1, D2 indicates control, drought at 
tillering, and anthesis stages respectively. BC0, BC1 and BC2 indicates control, 

5% and 10% biochar respectively. Error bars indicates standard error (n = 4). 
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Fig 2: WUE affected by biochar application under drought stress at critical growth 
stages of wheat. D0, D1, D2 indicates control, drought at tillerning, and anthesis 
stages respectively. BC0, BC1 and BC2 indicates control, 5% and 10% biochar 

respectively. Error bars indicates standard error (n = 4). 

 

Fig 3: Chlorophyll contents affected by biochar application under drought stress 
at critical growth stages of wheat. D0, D1, D2 indicates control, drought at 

tillering, and anthesis stages respectively. BC0, BC1 and BC2 indicates control, 
5% and 10% biochar respectively. Error bars indicates standard error (n = 4). 

 
DISCUSSION 

Plant height is an important growth parameter. The height of wheat plants is positively 
affected by the application of biochar. Hussain et al., (2008) observed that water stress 
has a major effect on cell division. Dehydration of plant cells and lower turgidity disrupt 
the protoplasm, which reduces cell division, resulting in poor plant height. Drought stress 
at any stage reduces plant height (Razaet al., 2012). Proper hormonal balance is also 
essential for plant height, which is impaired under limited water availability (Zhao et al., 
2006). An increase in plant height of 3.15% was observed when BC1 was applied. Gong 
et al. (2008) also observed the same results. Ma & Takahashi (2002) reported that plants 
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increased phosphate uptake, and phosphate helps to improve the vegetative growth of 
plants, so plant height increased with Biochar application. 

Lower water availability means a limitation of plant metabolic processes that reduce the 
number of tillers (Razaet al., 2012). Applying biochar helps improve fertile tillers in wheat 
(Abro et al., 2009). The application of wheat straw biochar enhanced 16.66% increase in 
fertile tillers @ 6.50 g kg-1. 11.72% more fertile tillers were observed when rice straw 
biochar application @ 6.50 g kg-1 compared to @9.29 g kg-1. The same findings were 
observed by Singh et al., (2006), who noted that a lower amount of Si is more beneficial 
than a higher amount. In stressful conditions, the application helps to reduce the intake 
of Na+, which increases plant growth and the number of shots. A longer spike length will 
result in a higher spike count. Raza et al., (2012) and Ihsan et al., (2015) reported that 
water-limited conditions reduce the number of spike lengths by reducing plant metabolic 
processes due to water shortage in various plant functions. Ahmed et al., (2008) reported 
that biochar application can increase the availability of nutrients that increase spike 
length. A 7.06% increase in spike length was recorded when wheat straw biochar @ 8.50 
g kg-1 was applied compared to the control treatment. Ahmed et al., (2008) observed that 
applying biochar increases the length of ears by increasing the uptake of nutrients from 
the soil and sustaining the metabolic process under stress conditions. 

Drought stress reduced spikelet length, reducing spikelets per spike (Razaet al., 2012). 
A 9.62% reduction in spike length was recorded when wheat straw biochar @ 6.50 g kg-
1 was applied. More nutrients in the leaf can affect photosynthesis and reduce the number 
of spikelets per spike (Ahmed et al., 2008). Under drought stress, spikelet length and 
number are reduced due to the reduced number of grains per spike (Razaet al., 2012). 
Grains per cob was also affected by the application of wheat straw biochar 4.29% grain 
reduction was recorded by the application of rice straw biochar @ 6.50 mg/area, which 
may be due to the inhibitory effect on metabolic functions, polyamine synthesis ( 
Reggianiet al., 1994 ). Lower grains also resulted from lower chloroplast due to a higher 
amount of Si in the leaf (Singh and Dubey, 1995). Drought stress reduced grain weight 
due to poor plant growth and nutrient uptake under water-limited conditions (Razaet al., 
2012). Drought stress clearly affects grain weight in the absence of water, resulting in a 
poor source-sink relationship, low crop growth rate, and poor metabolic process, resulting 
in low grain weight (Razaet al., 2017). Ahmed et al., (2008) reported that biochar 
application can improve growth regulators; thus, the production of growth regulators helps 
the plant to accelerate metabolic functions and increase the sink capacity, resulting in a 
higher 1000-grain weight. 

Biological yield decreased due to grain weight and plant height decrease during drought 
(Razaet al., 2012). A 13.23% reduction in biological yield was recorded by applying wheat 
straw biochar @ 6.50 g kg-1. The results showed that a higher biochar application rate 
shows a greater reduction in biological yield. Ahmed et al., (2008) lower effect may be 
due to lower nutrient intake or less cytokinin production, leading to poor cell division. Raza 
et al., (2012) reported that drought stress causes maximum grain yield damage at the 
anthesis stage. Nutrient uptake is also impaired under water-limited stress, leading to 
lower grain weight and yield. Bashan et al., (1990) reported that greater plant nutrient 
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uptake leads to higher plant growth. Non-significant results were observed in the 
experiment with the application of biochar @ 9.29 g kg-1 compared to the control 
treatment. Zaheeret al., (2019) reported that a higher plant growth rate leads to higher 
grain yield. And Raza et al., (2017) reported that higher grain number and grain weight 
result in higher grain yield. 

The Harvest index is affected by drought stress (Razaet al., 2018). The harvest index is 
the sum of all growth parameters, their reduction, therefore, leads to a lower harvest 
index. Higher growth may increase nutrient availability (Bashan et al., 1990). Non-
significant results were observed in the experiment with the application of Biochar @ 9.29 
g kg-1 compared to the control treatment. Still, a 10.58% reduction in HI was recorded 
with the application of wheat straw biochar @ 6.50 g kg-1. Plant grain and biological yields 
lead to higher HI (Razaet al., 2012). Zhang et al., (2008) reported that WUE increased 
with the maximum utilization of all related units. A higher plant growth rate result in a 
higher WUE. Drought stress reduces WUE (Razaet al., 2012). 2.91% and 8.20% 
reduction in WUE was observed with the application of Wheat Straw Biochar @ 6.50 g 
kg-1 and Rice Straw Biochar @ 9.29 mg/area. Poor cell division, plant growth rate, 
nutrient uptake, and final grain yield result from poor WUE (Ahmed et al., 2008). Drought 
stress reduced chlorophyll content and leaf area, reducing stomatal conductance (Razaet 
al., 2012). Ahmed et al., (2008) lower Effect may be due to lower nutrient intake or less 
cytokinin production, leading to poor cell division and poor conductance of RWC and 
stomata. 2.25% and 1.10% reductions in stomatal conductance were recorded when 
Biochar was applied @ 6.50 g kg-1 and 9.29 g kg-1. 
 
CONCLUSION 

Biochar is a soil amendment used to improve soil carbon and organic contents. Drought 
stress is a main abiotic stress that severely reduced crop yield. Soil amendment such as 
biochar enhances soil fertility and maintains soil moisture. Biochar application BC2 (10% 
W/W) has maximum effect on crop growth and help to maintain growth under drought 
stress. 
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