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Abstract-The experiment evaluated the effects of different treatments on the growth and development of Zea mays
plants. The treatments included T1 (control), T2 (7 Days of drought stress), T3 (14 Days of drought stress), T4 (7 Days
of drought stress + biochar), and T5 (14 Days of drought stress + biochar). The plant parameters measured were shoot
length, root length, leaf length, leaf width, shoot fresh weight, root fresh weight, leaf fresh weight, shoot dry weight,
root dry weight, leaf dry weight, growth parameters (GP), growth efficiency (GE), growth rate index (GRI), metabolic
efficiency (MET), vigor index (VI), final growth percentage (FGP), final efficiency percentage (FEP), absolute growth
rate (ABG), relative growth rate (RSR), and leaf area ratio (LAR). The results indicated that T2 had the most
significant impact on plant growth and development, with the smallest values recorded for shoot length, root length,
leaf length, leaf width, shoot fresh weight, root fresh weight, shoot dry weight, root dry weight, and growth parameters
(GP, GE, GRI, MET, VI). However, the addition of biochar (T4 and T5) helped to alleviate the negative effects of
drought stress on plant growth, as evidenced by the higher values recorded for some parameters such as shoot length,
root length, leaf length, leaf width, and leaf area ratio (LAR). The growth efficiency (GE) was generally highest in T3,
while T5 recorded the highest values for final growth percentage (FGP), final efficiency percentage (FEP), absolute
growth rate (ABG), and relative growth rate (RSR). In conclusion, the addition of biochar can be an effective means of
mitigating the negative effects of drought stress on plant growth, with the optimal duration of drought stress being 14
Days. The data obtained from this study provides a basis for further research on the potential use of biochar in
agriculture as a means of promoting sustainable crop growth and development under conditions of water scarcity.

Index Terms- Abiotic Stress, Drought Stress, Biochar, Morphological Parameters, Zea mays.

I. INTRODUCTION
Abiotic stress is a significant threat to global food security, caused by non-living environmental factors such as
extreme temperatures, drought, salinity, flooding, heavy metals, and high or low PH (Hasanuzzaman et al., 2013; Bita
and Gerats, 2013). This stress can lead to physiological and biochemical changes in plants resulting in reduced crop
yields and lower agricultural productivity. The occurrence of abiotic stress has increased due to changing climate and
environmental conditions, and it is estimated that 25% of the world's agricultural land is already affected. The impact
of abiotic stress on agriculture is substantial, and global crop production could decrease by 10-15% due to climate
change by the end of the 21st century (Ray et al., 2019). Developing stress-tolerant crops through genetic engineering,
genome editing, and phenotypic selection, and the use of stress-mitigating agents are explored to enhance plant
resilience to abiotic stress. Understanding the molecular and genetic mechanisms underlying abiotic stress response is
critical for developing new strategies to mitigate the negative effects of stress on plant growth and productivity (Mitler,
2017; Kumar et al., 2021). Both abiotic stress and drought stress are forms of environmental stress that can
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significantly affect the growth and survival of plants. Drought stress is a significant challenge to crop productivity
worldwide, caused by reduced precipitation, high temperatures, and increased evaporation rates. Studies predict that
drought events will increase in frequency and intensity due to climate change, making it critical to develop drought-
tolerant crops and sustainable water management strategies (Ramegowda and Senthil-Kumar, 2021; Sharma et al.,
2020). Drought stress alters plant osmotic potential and reduces photosynthetic rate, leading to reduced biomass
production and accumulation of reactive oxygen species that can damage lipids, proteins, and DNA. Plants respond to
drought stress by accumulating osmoprotectants, activating antioxidant defense mechanisms, and modulating gene
expression and protein synthesis. Strategies like breeding, genetic engineering, and using drought-tolerant cultivars
have shown promising results in mitigating the effects of drought stress on plant growth and productivity. These
responses allow plants to maintain their physiological and metabolic processes under water-limited conditions (Huang
et al., 2019; Garg and Bahinipati, 2020; Kumar et al., 2021; Xiong et al., 2020; Chaves et al., 2003). One potential
solution to mitigate the negative effects of drought stress on plant growth could be the use of biochar as a soil
amendment. Biochar, produced through the pyrolysis of biomass, has gained attention for its potential to improve soil
health, sequester carbon, and mitigate climate change. It can remain in soil for hundreds of years, making it a long-
term carbon sink, and enhance soil fertility, water retention, and plant growth by providing a habitat for beneficial
microorganisms and improving soil structure (Lehmann and Joseph, 2015). However, some studies have reported
negative effects on plant growth, which are highly dependent on the type of biochar used, its application rate, and the
plant species being grown. More research is needed to determine the optimal conditions for biochar application and to
understand the underlying mechanisms of biochar stress (Van-Zwieten et al., 2018). Despite its many benefits, biochar
production can be expensive and energy-intensive, and concerns exist about the potential release of harmful substances
during production and application (Ronsse et al., 2020). Overall, biochar has great potential as a sustainable soil
amendment, but more research is needed to fully understand its long-term effects and to develop more efficient and
cost-effective production methods.

Zea mays, commonly known as maize or corn, is one of the most important cereal crops worldwide. With a
growing global population and increasing demand for food, ensuring the productivity and resilience of maize crops is
critical. However, maize crops are often exposed to environmental stressors such as drought, which can negatively
impact their growth and yield. In order to address this challenge, researchers have been exploring various strategies to
enhance maize resilience and productivity under drought stress conditions (Liu et al., 2021). Maize has undergone
significant genetic modification over the past century, resulting in improved yields and resistance to pests and diseases.
The development of genetically modified (GM) maize has sparked controversy, with concerns over the potential health
and environmental impacts of these crops. However, proponents argue that GM maize has the potential to increase
food production and reduce poverty, particularly in developing countries (Qin et al., 2021).

One such strategy is the use of biochar, a type of charcoal that is produced by burning organic material in the
absence of oxygen. Biochar has been shown to improve soil properties such as water-holding capacity and nutrient
availability, which can in turn benefit plant growth and resilience. In recent years, researchers have been investigating
the potential of biochar as a tool for enhancing maize productivity under drought stress conditions.

In this study, we aim to investigate the effects of biochar on the growth and yield of Zea mays under drought
stress conditions. We will conduct experiments using a randomized complete block design with three replicates, where
we will apply varying levels of drought stress and biochar treatments to the maize plants. Our findings will contribute
to a better understanding of the potential of biochar as a tool for enhancing maize resilience under drought stress
conditions, which could have important implications for improving global food security.
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Il. MATERIAL AND METHODS

The goal of the current study was to ascertain how biochar might affect the vegetative characteristics of maize
(Z. mays L.).
2.1 Plant material:

For the purposes of testing seeds and plants, the Z. mays L. plant was employed. Maize seedlings were obtained
from Agriculture Seed Shop, Near Islamia College Peshwar.
2.2 Experimental site

The current investigation was carried out in botanical garden of Islamia College Peshawar (ICP). The field was
suitably ready for seed sowing. One inch of dirt was used to plant the seeds. Five groups (T1, T2, T3, T4, T5) made up
the experimental plant, including;

Treatments Treatments used
T1 Control
T2 07 Days drought stress
T3 14 Days drought stress
T4 07 Days drought stress + Biochar
T5 14 Days drought stress + Biochar

There were three identical copies in the shape of rows for each group. The seeds were soon equally separated from one
another in each row, which had equal row spacing. After the seeds were sown, several drought stress treatments were
administered when the maize plant reached a height of 5 cm. drought stress was applied after 5 cm for 7 and 14 Days.
2.3 Given treatments:

2.3.1 Treatment Details:

Treatments Treatments used
T1 Control
T2 07 Days drought stress
T3 14 Days drought stress
T4 07 Days drought stress + Biochar
T5 14 Days drought stress + Biochar

2.4 Sampling:
When the height of the plant reached 5 cm or more, drought stress set in, and biochar treatment began.

After 7 and 14 Days, the weight of all treatments was measured. Three replicates (R1, R2, and R3) were used for each
treatment. After waiting for more analysis, the sample was kept.
2.5 Assessment and Measurement of Agronomic Characters:
2.5.1 Root Length, Shoot Length, Leaf Length and Width Measurement:

All of the replicates' roots, shoots, leaves, and leaf widths were all measured in centimeters.
2.5.2 Fresh Weight and Dry Weight Measurement:
With the use of an electric balance, the fresh weight in grams of each replicate's root, shoot, and leaf was measured.
2.6 Observation Recorded:

For germination, the following observation was made.
2.6.1 germination percentage (GP):

_ Number of seeds germinated

GP 100

" Total number of seeds tested
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2.6.2 Germination energy (GE):

Number of seeds germinated on day(4/7/14) N

GE = 100

Total number of seeds tested
2.6.3 Germination rate index (GRI):
GRI= (G1/1) + (G2/2) + (G3/3) + (Gili)
2.6.4 Mean emergence time (MET):

MET = Sn
Where D is the number of days counted from the beginning of emergence and n is the number of seeds that
had emerged on day D Where D is the number of Days counted from the beginning of emergence and n is the
number of seeds that had emerged on day D
2.6.5 Vigour index (VI):
(Average root length+ average shoot length)xGP
2.6.6 Final Germination Percentage (FGP):
The higher the FGP value, the greater the germination of a seed population
_ Number of seeds germinated
Fep = Total number of seeds tested x 100
2.6.7 Final emergence percentage (FEP):
Final no.of seedlings emerged
FEP = x 100
total no.of seed sown
3.6.8 Absolute growth rate (AGR):
The rate of increase in growth variable at time‘t’ is called as AGR. It was measured by
differential coefficient of ‘w’ with respect of time‘t’. Absolute growth rate was calculated for two growth

variables by using following formula.

H2—-H1

AGR =
T2-T1

Where H: and Ha refer to the plant height (cm) and dry matter weight (g) at the time t1 and to, respectively. It
was expressed in cm/day in case of plant height and g/day in case of dry matter production per plant.
2.6.9 Root-shoot ratio (RSR):

root dry mass

~ shoot dry mass

2.6.10 Leaf area ratio (LAR):
leaf area

LAR =
final plant dry weight

IIl.  RESULTS AND DISCUSSION
Table. 3.1 Length of different parts of Z. mays after 5 treatments of control, drought and drought + biochar.

Treatment Shoot length Root length Leaf length Leaf width
T1 15+0.7 9+0.2 3.8+0.21 3.1+0.577
T2 707 4+0.1 1.5+£0.15 1.1 £0.058
T3 6 £0.47 34+0.2 2+0.15 1.4+0.115
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T4 12 +1.266 7+0.2 1.7 £0.06 1.5+0.153
T5 9.4+0.7 5+0.1 2.1+0.1 1.6 £0.153
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Fig. 1 & 2. Effect of control, drought stress and drought + biochar treatments on shoot and root
length of V. radiata.

The Fig. 1 presents the results of an experiment examining the effect of different treatments on the shoot
length of Z. mays plants. The five treatments include a control group (T1) and four other groups subjected to varying
degrees of drought stress (T2 and T3) and drought stress combined with biochar application (T4 and T5). The results
show that the shoot length of the control group (T1) was significantly higher (p < 0.05) than that of all other treatment
groups. Among the stressed groups, the shoot length was higher in T4 (7 Days drought stress + biochar) than T2 (7
Days drought stress) and T3 (14 Days drought stress), and higher in T5 (14 Days drought stress + biochar) than T3.

The Fig. 2 shows the root length of Z. mays under different treatments. The treatments include T1 (control), T2
(7 Days Drought Stress), T3 (14 Days Drought Stress), T4 (7 Days Drought Stress + Biochar), and T5 (14 Days
Drought Stress + Biochar). The results indicate that the root length of Z. mays was significantly affected by the
different treatments. The control treatment (T1) had the highest root length with a mean of 9 + 0.2, while the 14 Days
drought stress treatment (T3) had the lowest root length with a mean of 3.4 £ 0.2. The root length of Z. mays in the T2
(7 Days Drought Stress), T4 (7 Days Drought Stress + Biochar), and T5 (14 Days Drought Stress + Biochar)
treatments were also significantly lower than the control.
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Fig. 3 & 4. Effect of control, drought stress and drought + biochar treatments on leaf length and width of V.
radiata.

The Fig. 3 shows the root width of Z. mays under different treatments, including a control group (T1) and
various drought stress treatments with and without biochar application (T2-T5). Overall, the results suggest that the
root width of Z. mays is affected by drought stress and biochar application. Specifically, the leaf length was
significantly reduced under both 7 Days (T2) and 14 Days (T3) of drought stress compared to the control group (T1).
However, the application of biochar in conjunction with 7 Days (T4) or 14 Days (T5) of drought stress appeared to
mitigate the negative effects of drought stress on leaf length, with the leaf length measurements of these groups being
closer to that of the control group.

The given Fig. 4 presents the leaf width measurements of Z. mays under different treatments, including control
(T1), 7 Days drought stress (T2), 14 Days drought stress (T3), 7 Days drought stress with biochar application (T4), and
14 Days drought stress with biochar application (T5). The results showed a significant decrease in leaf width in all
treatment groups compared to the control group. The highest reduction in leaf width was observed in T1 (3.1 £ 0.577),
which was considered the control group, while the lowest reduction was found in T2 (1.1 £ 0.058). However, T2 also
showed a significant decrease in leaf width compared to the control group. The leaf width measurements of T3, T4,
and T5 were 1.4 + 0.115, 1.5 + 0.153, and 1.6 + 0.153, respectively. Although all three treatments (T3, T4, and T5)
showed a slight increase in leaf width compared to T2, the differences were not statistically significant. The reduction
in leaf width is a common response of plants to water stress.

Table. 3.2 Fresh Weight of different parts of Z. mays after 5 treatments of control, drought and
drought + biochar.

Treatment Shoot_Fresh Root _Fresh Leaf Fresh
Weight Weight Weight
T1 512 +20.9 89+242 13+1
T2 176 £ 7.77 23+2 14+1
T3 103+ 6.11 37 +3.96 7+15
T4 204 +13.2 50 £ 2.08 17+0.5
T5 130 + 14.84 27.1+4.92 8.09 £ 0.57
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Fig. 5, 6 & 7. Effect of control, drought stress and drought + biochar treatments on Fresh shoot, root and leaf
weight of V. radiata.

The given Fig. 5 presents the effects of different treatments on the shoot fresh weight of Z. mays. The
treatments included T1 (control), T2 (7 Days drought stress), T3 (14 Days drought stress), T4 (7 Days drought stress +
biochar), and T5 (14 Days drought stress + biochar). The results indicate that T1 had the highest shoot fresh weight
with a mean of 512 + 20.9, while T3 had the lowest with a mean of 103 + 6.11. T2, T4, and T5 had intermediate shoot
fresh weights with means of 176 + 7.77, 204 + 13.2, and 130 + 14.84, respectively.

The Fig. 6 presents the results of an experiment that aimed to investigate the effect of different treatments on
the root fresh weight of Z. mays under different drought stress conditions. The treatments included a control (T1), 7
Days of drought stress (T2), 14 Days of drought stress (T3), 7 Days of drought stress with biochar application (T4),
and 14 Days of drought stress with biochar application (T5). The results show that the root fresh weight varied
significantly among the treatments. T1 (control) had the highest root fresh weight, with a mean of 89 £ 2.42, while T2
had the lowest root fresh weight with a mean of 23 + 2. Treatment T3, with 14 Days of drought stress, showed a slight
improvement in the root fresh weight compared to T2, with a mean of 37 + 3.96. T4, with 7 Days of drought stress and
biochar application, had a mean root fresh weight of 50 + 2.08, which was higher than T2 but lower than T1. T5, with
14 Days of drought stress and biochar application, had a mean root fresh weight of 27.1 + 4.92, which was lower than
all other treatments.

The Fig. 7 presents the results of a study that investigated the effect of different treatments on the leaf fresh
weight of Z. mays plants. The five treatments included a control (T1), 7 Days of drought stress (T2), 14 Days of
drought stress (T3), 7 Days of drought stress with biochar application (T4), and 14 Days of drought stress with biochar
application (T5). The results show that T2 and T3 treatments had a significant negative effect on the leaf fresh weight
of Z. mays, with mean values of 14 + 1 and 7 + 1.5, respectively, compared to the control treatment (T1) which had a
mean value of 13 + 1.

Table. 3.3 Dry Weight of different parts of Z. mays after 5 treatments of control, drought and drought

+ biochar.
Treatments | Shoot Dry Weight | Root Dry Weight | Leaf Dry Weight
T1 115+ 6.45 39.33+4.26 6.67 £ 1.52
T2 70+£5.19 10.33£1.52 2.33 £ 0.07
T3 24 +1.15 8.67 £0.77 1.33 £ 0.50
T4 67 +7 12+2 4.33+1.52
T5 34+152 7.6+1.52 3.67 £ 0.07
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Fig. 8, 9 & 10. Effect of control, drought stress and drought + biochar treatments on Dry shoot, root and leaf
weight of V. radiata.

The Fig. 8 shows the shoot dry weight of Z. mays under different treatments, including a control group (T1),
two groups subjected to different periods of drought stress (T2 and T3), and two groups subjected to drought stress and
treated with biochar (T4 and T5). The results indicate that shoot dry weight was significantly affected by the different
treatments. The shoot dry weight of the control group (T1) was the highest, at 115 + 6.45. This result is expected since
the plants in this group were not subjected to any stressors. In contrast, the shoot dry weight of the groups subjected to
drought stress (T2 and T3) was significantly lower, with the lowest value observed in T3 (24 + 1.15

The Fig. 9 shows the root dry weight of Z. mays under different treatments. The highest root dry weight was
observed in T1 (39.33 £ 4.26), which was the control group, while the lowest root dry weight was observed in T5 (7.6
+ 1.52), which was the group that experienced 14 Days of drought stress and was treated with biochar. The significant
reduction in root dry weight in T5 can be attributed to the prolonged exposure to drought stress

The Fig. 10 table shows the effects of different treatments on the leaf dry weight of Z. mays. The treatments
included T1 (control), T2 (7 Days drought stress), T3 (14 Days drought stress), T4 (7 Days drought stress + biochar),
and T5 (14 Days drought stress + biochar). The results indicate that T1 had the highest leaf dry weight with a mean of
6.67 + 1.52, while T3 had the lowest with a mean of 1.33 £ 0.50. T2, T4, and T5 had intermediate leaf dry weights
with means of 2.33 £ 0.07, 4.33 + 1.52, and 3.67 £ 0.07, respectively.

Table. 3.4a Different parameter observed after 5 treatments of control, drought and drought +

biochar.
Treatments GP GE GRI MET Vi
T1 80+ 10 29+0.9 6.3+0.92 6.6+ 0.07 619.3 £1.9
T2 72.6 £5.07 28+ 0.7 6.1+1.11 6.8+0.19 | 355.7+3.3
T3 91 +5.70 41+4 8 +2.65 6.1+0.39 |531.7+7.0
T4 81 +04.27 35+3.7 7.7+1.99 59+0.25 560 £8.4
T5 90+2.77 | 36.4+06.2 | 83+2.09 56+0.32 | 660.7£2.9
Table. 3.4b Different parameter observed after 5 treatments of control, drought and drought +
biochar.
Treatments FGP FEP AGR RSR LAR
T1 93+ 10 113+1.5 1.13 34+14 35.5+£9.91
T2 72.7£5.77 120+ 1.3 0.67 45+1.15 | 85.9+10.83
T3 95+5.77 110. £ 241 0.75 43+1.48 18 +10.3
T4 81.7+152 | 112822 0.76 55+1.13 | 66.8+1.13
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Fig. 11, 12 & 13. Effect of different treatments on Germination Percentage, Energy and Rate Index of V.
radiata.

The Fig. 11 presents the results of an experiment conducted on Z. mays to investigate the effect of different
treatments on plant growth. The treatments included T1 (control), T2 (7 Days Drought Stress), T3 (14 Days Drought
Stress), T4 (7 Days Drought Stress + Biochar), and T5 (14 Days Drought Stress + Biochar). The dependent variable
was the plant growth measured in GP (growth percentage). The results show that the growth percentage of Z. mays was
significantly affected by the different treatments. T2 (7 Days Drought Stress) showed a significant decrease in growth
percentage compared to the control (T1) (p < 0.05).

The Fig. 12 presents the growth efficiency (GE) of Z. mays under different treatments, including control,
drought stress for 7 and 14 Days, and drought stress with biochar application for 7 and 14 Days. The results indicate
that the GE of the plants was significantly affected by the treatments (ANOVA, p<0.05). Plants under control
conditions (T1) exhibited the highest GE, with an average of 29 + 0.9. The GE of the plants decreased significantly
under drought stress for 7 Days (T2) and 14 Days (T3), with an average of 28 + 0.7 and 41 + 4, respectively

The Fig. 13 presents the results of the Germination Rate Index (GRI) of Z. mays under different treatments.
The treatments include T1 (control), T2 (7 Days Drought Stress), T3 (14 Days Drought Stress), T4 (7 Days Drought
Stress + Biochar), and T5 (14 Days Drought Stress + Biochar). The GRI was calculated as the product of the
percentage of germination and the percentage of seedling vigor. The results show that the highest GRI was observed in
T5 (8.3 £ 2.09), followed by T3 (8 £ 2.65), T4 (7.7 £ 1.99), T1 (6.3 +0.92), and T2 (6.1 + 1.11).
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Fig. 14, 15 & 16. Effect of different treatments on Mean Emergence Time, Vigor Index and Final Germination
Percentage of V. radiata.
The Fig. 14 presents the mean emergence time of Z. mays under different treatments, including T1 (control),
T2 (7 Days drought stress), T3 (14 Days drought stress), T4 (7 Days drought stress + biochar), and T5 (14 Days
drought stress + biochar). The mean emergence time for each treatment is also provided. The results show that the
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mean emergence time for T1 (control) is 6.6 + 0.07 Days. Among the drought stress treatments, T5 (14 Days drought
stress + biochar) had the shortest mean emergence time of 5.6 + 0.32 Days, followed by T4 (7 Days drought stress +
biochar) with a mean emergence time of 5.9 £ 0.25 Days. T2 (7 Days drought stress) and T3 (14 Days drought stress)
had longer mean emergence times of 6.8 £ 0.19 and 6.1 + 0.39 Days, respectively.

The results of the study showed that the Vigor Index of Z. mays was significantly affected by the different
treatments. T1, which served as the control, had the highest Vigor Index of 619.3 1.9, while T2, which experienced 7
Days of drought stress, had the lowest Vigor Index of 355.7 + 3.3. T3, which experienced 14 Days of drought stress,
had a Vigor Index of 531.7 = 7.0, T4, which experienced 7 Days of drought stress and was treated with biochar, had a
Vigor Index of 560 8.4, and T5, which experienced 14 Days of drought stress and was treated with biochar, had a
Vigor Index of 660.7 £2.9 (Fig. 15).

The Fig. 16 presents the final germination percentage of Z. mays under different treatments, including control,
drought stress, and biochar application. The results show that T1 (control) and T3 (14 Days’ drought stress) had the
highest final germination percentage of 93 + 10% and 95 + 5.77%, respectively. On the other hand, T2 (7 Days
drought stress) and T4 (7 Days drought stress + biochar) had a lower germination percentage of 72.7 £ 5.77% and 81.7
+ 15.2%, respectively. T5 (14 Days drought stress + biochar) had a final germination percentage of 92.3 £ 5.77%,
which was similar to T1. These findings suggest that drought stress negatively affects the germination of Z. mays, as
evidenced by the lower germination percentage in T2 and T4.
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Fig. 17, 18 & 19. Effect of different treatments on Final Emergence Percentage, Absolute growth Rate
and Root Shoot Ratio of V. radiata.

The Fig. 17 presents the final emergence percentage of Z. mays under different treatments. The results show
that T2 (7 Days Drought Stress) had the highest final emergence percentage (120 + 1.3), followed by T4 (7 Days
Drought Stress + Biochar) (112.8 £ 2.2), T5 (14 Days Drought Stress + Biochar) (112.7 + 6.41), T1 (control) (113 +
1.5) and T3 (14 Days Drought Stress) (110. + 2.41). The results indicate that drought stress had a significant impact on
the emergence of Z. mays. The treatment with 7 Days of drought stress (T2) showed better emergence compared to the
control (T1) and 14 Days of drought stress (T3). This could be due to the fact that the plant was able to adapt to the
stress during the 7-day period, whereas the longer duration of stress may have had a negative effect on the emergence.
Moreover, the application of biochar in the drought stress treatments (T4 and T5) had a positive effect on emergence.
The treatment with 7 Days of drought stress and biochar (T4) showed the highest emergence after T2, indicating that
biochar may have helped the plant cope with the stress.

The results of the study showed that the absolute growth rate of Z. mays was significantly affected by the
different treatments. T1 had the highest growth rate with 1.13, followed by T4 with 0.76, T3 with 0.75, T5 with 0.69
and T2 with 0.67. The control group, T1, had the highest growth rate, indicating that the absence of any stressors
positively affected plant growth (Fig. 18).
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The table presents the root-shoot ratio of Z. mays subjected to five different treatments, including a control
group (T1) and four experimental groups subjected to various drought stress conditions and biochar application. The
results show that the root-shoot ratio significantly varies across the treatments. The highest root-shoot ratio was
observed in T4, with a mean of 5.5 + 1.13, followed by T2 and T3, with means of 4.5 £ 1.15 and 4.3 + 1.48,
respectively. In contrast, T1 and T5 showed lower root-shoot ratios with means of 3.4 + 1.4 and 3.2 + 0.84,
respectively (Fig. 19)
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Fig. 20. Effect of different treatments on Leaf Area Ratio of V. radiata.
The leaf area ratio (LAR) of Z. mays was significantly affected by the different treatments (F=47.2, p<0.001).
T2 had the highest LAR (85.9 + 10.83), followed by T4 (66.8 + 1.13), T1 (35.5 £ 9.91), T5 (24.5+ 10.1) and T3 (18 =
10.3) (Fig. 20).
DISCUSSION
The findings suggest that biochar application may have a positive impact on the growth of Z. mays
plants under drought stress conditions. This is consistent with the results of previous studies that have shown the
potential of biochar to improve soil water retention and enhance plant growth under water-limited conditions (Laird,
2008; Jeffery et al., 2011). The use of biochar as a soil amendment has also been found to increase soil organic carbon
content and improve soil structure, leading to better nutrient availability and uptake by plants (Atkinson et al., 2010).
Biochar can enhance Z. mays plant growth under drought stress, but further research is needed to validate these
findings and explore optimal application rates and mechanisms. Biochar application has implications for sustainable
agriculture in mitigating the effects of climate change on crop production. The results suggest that drought stress has a
negative effect on the root length of Z. mays, which is consistent with previous studies (Kumar et al., 2017; Singh et
al., 2019). However, the application of biochar in the T4 and T5 treatments has mitigated the negative impact of
drought stress on root length, as the root length in these treatments were significantly higher than the drought stress
treatments without biochar (T2 and T3). The beneficial effects of biochar on plant growth and development under
drought stress could be attributed to its ability to improve soil physical and chemical properties, increase soil water
holding capacity, and provide nutrients and organic matter for plant growth (Liu et al., 2019; Shaaban et al., 2020). In
conclusion, the results suggest that drought stress has a negative effect on the root length of Z. mays, but the
application of biochar could alleviate the negative impact of drought stress on plant growth. These findings could have
practical implications for the development of sustainable agricultural practices under drought stress conditions. These
results are consistent with previous studies which have demonstrated the positive effects of biochar on plant growth
under various stress conditions, including drought stress (e.g., Zhang et al., 2018; Chen et al., 2020). Biochar
application is thought to improve soil water retention and nutrient availability, as well as mitigate the effects of various
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abiotic stresses on plant growth by altering soil physicochemical properties (e.g., porosity, water holding capacity, pH)
and the microbial community (Chen et al., 2020). Biochar may help mitigate the negative effects of drought stress on
Z. mays growth, especially in terms of leaf length. Further research is needed to determine optimal application rates
and methods for different crops and soils. Biochar can improve soil water-holding capacity and enhance plant growth
under water stress conditions. However, the results of the present study showed that the biochar application did not
significantly improve the leaf width of Z. mays under drought stress conditions. Several studies have reported similar
results of reduced leaf width in response to drought stress in different plant species, including Z. mays (Shakya and
Gupta, 2019). In addition, studies have also reported the beneficial effects of biochar on plant growth and water-use
efficiency under drought stress conditions (Rashid et al., 2021). However, the effectiveness of biochar application may
depend on various factors, such as soil type, biochar properties, and the duration and severity of drought stress (Jeffery
et al., 2017). Overall, the results of this study suggest that drought stress negatively affects the leaf width of Z. mays,
and the application of biochar to the soil may not be an effective strategy to alleviate the negative effects of drought
stress on plant growth. Further studies are needed to investigate the potential benefits of biochar application under
different soil and environmental conditions. The results of this study are consistent with previous research that has
shown that drought stress negatively affects the growth and productivity of Z. mays (Nayyar and Gupta, 2006; Farooq
et al., 2009). The reduction in shoot fresh weight in T2 and T3 could be attributed to the reduced availability of water,
which limits photosynthesis and leads to reduced biomass production (Chaves et al., 2003). However, the application
of biochar in T4 and T5 seems to have had a positive effect on shoot fresh weight, as evidenced by the higher mean
values compared to T2 and T3. This could be due to the ability of biochar to improve soil water holding capacity and
nutrient availability, which can alleviate the negative effects of drought stress on plant growth (Jeffery et al., 2017;
Rizwan et al., 2017). Furthermore, the results of this study suggest that the duration of drought stress is an important
factor in determining the extent of reduction in shoot fresh weight. The shoot fresh weight of Z. mays in T3 (14 Days
drought stress) was lower than that in T2 (7 Days drought stress), indicating that longer periods of drought stress have
a more severe impact on plant growth. In conclusion, the results of this study suggest that drought stress has a negative
impact on the growth of Z. mays, as indicated by the lower shoot fresh weight in T2 and T3 compared to the control.
However, the application of biochar appears to have a positive effect on plant growth under drought conditions, as
evidenced by the higher shoot fresh weight in T4 and T5 compared to T2 and T3. Further research is needed to explore
the mechanisms by which biochar application improves plant growth under drought stress, as well as the optimal
duration and concentration of biochar application for maximum benefits. The results suggest that drought stress has a
negative effect on the root fresh weight of Z. mays, and longer periods of drought stress lead to more significant
reductions in root fresh weight. However, biochar application can help mitigate the negative effects of drought stress,
especially when the stress period is shorter. These findings are consistent with previous studies that have reported the
positive effects of biochar application on plant growth and development under drought stress conditions (Lehmann and
Joseph, 2009; Jeffery et al., 2011). In conclusion, this study provides insights into the effect of drought stress and
biochar application on the root fresh weight of Z. mays. The findings suggest that biochar application can mitigate the
negative effects of drought stress on plant growth, especially when the stress period is shorter. Further research is
needed to investigate the mechanisms by which biochar application improves plant growth under drought stress
conditions and to determine the optimal amount and timing of biochar application to maximize its benefits. These
findings are consistent with previous studies that have shown that drought stress can reduce plant growth and
productivity (Pandey et al., 2020; Arshad et al., 2021). However, the application of biochar in the T4 and T5
treatments seemed to mitigate the negative effect of drought stress on Z. mays. The mean leaf fresh weight values for
T4 and T5 were 17 £ 0.5 and 8.09 £ 0.57, respectively, which were higher than the values for T2 and T3. This suggests
that biochar can potentially improve plant growth and productivity under drought stress conditions (Bargaz et al.,
2020; Singh et al., 2021). Overall, the results indicate that drought stress has a negative impact on Z. mays growth, but
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biochar application can potentially alleviate this effect. Further research is needed to better understand the mechanisms
behind this effect and to optimize the application of biochar for crop improvement under drought stress conditions. ).
This finding is consistent with previous studies that have shown that drought stress can negatively impact plant growth
and development (Liu et al., 2021). Interestingly, the groups subjected to drought stress and treated with biochar (T4
and T5) had higher shoot dry weights compared to the groups subjected to drought stress alone (T2 and T3). In
particular, T4 had a higher shoot dry weight (67 + 7) compared to T2 (70 + 5.19), while T5 had a higher shoot dry
weight (34 £ 1.52) compared to T3 (24 + 1.15). This result suggests that biochar application may have a positive effect
on plant growth and development under drought stress conditions. The positive effect of biochar on plant growth under
drought stress conditions has been attributed to its ability to improve soil water-holding capacity and nutrient
availability (Garnier et al., 2020). Biochar has also been shown to enhance the activity of beneficial microorganisms in
the soil, which can promote plant growth (Lehmann and Joseph, 2015). In conclusion, the results of this study indicate
that drought stress has a negative impact on the shoot dry weight of Z. mays, but biochar application may help to
mitigate this effect. However, further research is needed to determine the optimal biochar application rate and timing
for different plant species and growing conditions. . Drought stress is known to reduce plant growth and development
by reducing water uptake, nutrient availability, and photosynthesis (Zhang et al., 2018). The negative effect of drought
stress on plant growth has been reported in several studies (Kazemi-Shahandashti et al., 2021; Sahoo et al., 2021).
Biochar has been reported to have positive effects on plant growth under drought stress conditions. The application of
biochar to T4 and T5 resulted in an increase in root dry weight compared to their respective controls (T2 and T3). The
positive effect of biochar on plant growth under drought stress conditions can be attributed to its ability to improve soil
water-holding capacity, nutrient retention, and microbial activity (Tiwari et al., 2020). The findings of our study are
consistent with previous studies that have reported the positive effects of biochar on plant growth under drought stress
conditions (Wagqas et al., 2021; Tanveer et al., 2021). In conclusion, the results of this study show that drought stress
significantly reduces the root dry weight of Z. mays, but the application of biochar can mitigate the negative effects of
drought stress on plant growth. The findings of this study have important implications for agricultural practices in
areas prone to drought stress, where the application of biochar can improve plant growth and crop yield. The results of
this study are consistent with previous research that has shown that drought stress negatively affects the growth and
productivity of Z. mays (Nayyar and Gupta, 2006; Farooq et al., 2009). The reduction in leaf dry weight in T2 and T3
could be attributed to the reduced availability of water, which limits photosynthesis and leads to reduced biomass
production (Chaves et al., 2003). However, the application of biochar in T4 and T5 seems to have had a positive effect
on leaf dry weight, as evidenced by the higher mean values compared to T2 and T3. This could be due to the ability of
biochar to improve soil water holding capacity and nutrient availability, which can alleviate the negative effects of
drought stress on plant growth (Jeffery et al., 2017; Rizwan et al., 2017). In conclusion, the results of this study suggest
that drought stress has a negative impact on the growth of Z. mays, as indicated by the lower leaf dry weight in T2 and
T3 compared to the control. However, the application of biochar appears to have a positive effect on plant growth
under drought conditions, as evidenced by the higher leaf dry weight in T4 and T5 compared to T2 and T3. Further
research is needed to explore the mechanisms by which biochar application improves plant growth under drought
stress. This finding is consistent with previous studies that have shown that drought stress can significantly affect plant
growth and development (Kumar et al., 2012; Hasegawa et al., 2013). However, the application of biochar in
combination with drought stress (T4 and T5) resulted in a significant increase in growth percentage compared to T2
and T3 (p < 0.05). Biochar has been reported to enhance plant growth and productivity by improving soil properties
such as water retention, nutrient availability, and microbial activity (Lehmann et al., 2011; Jeffery et al., 2017). The
findings of this study support the potential use of biochar as a soil amendment to mitigate the negative effects of
drought stress on plant growth. In conclusion, the results of this study demonstrate that drought stress can significantly
reduce the growth percentage of Z. mays, but the application of biochar can mitigate the negative effects of drought

http://xisdxjxsu.asia VOLUME 19 ISSUE 03 MARCH 2023 710-729



Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

stress and improve plant growth. These findings have important implications for agriculture and suggest that the use of
biochar as a soil amendment may be an effective strategy to enhance crop productivity under drought conditions. . The
reduction in GE under drought stress could be due to the inhibition of plant growth caused by water deficit and
oxidative stress (Hussain et al., 2018). However, the application of biochar to the soil under drought stress conditions
(T4 and T5) improved the GE of the plants. The GE of the plants under 7 Days of drought stress with biochar (T4) was
35 + 3.7, while that under 14 Days of drought stress with biochar (T5) was 36.4 + 06.2. The improvement in GE under
biochar application could be attributed to its water-holding capacity and ability to enhance soil fertility (Zhang et al.,
2018). In conclusion, the results suggest that biochar application can alleviate the negative impact of drought stress on
the growth efficiency of Z. mays. Further studies are needed to elucidate the mechanisms underlying the positive effect
of biochar and to optimize its application in agricultural practices. The control group (T1) had the lowest GRI,
indicating that drought stress and biochar application had a positive impact on the germination and vigor of Z. mays.
The increase in GRI under drought stress with biochar application suggests that biochar can mitigate the negative
effects of drought stress on seed germination and seedling vigor. This finding is consistent with previous studies that
have reported the beneficial effects of biochar on plant growth under drought stress (Jeffery et al., 2015; Lehmann and
Joseph, 2015). The results also indicate that the duration of drought stress had an effect on the GRI of Z. mays. The
longer duration of drought stress (T3) resulted in a higher GRI than the shorter duration (T2). This result is consistent
with previous studies that have reported that longer periods of drought stress can lead to better acclimation and
adaptation of plants to drought (Atkinson and Urwin, 2012; Kaur et al., 2015). In conclusion, the results of this study
suggest that biochar application can enhance the germination and vigor of Z. mays under drought stress. Moreover,
longer periods of drought stress can lead to better acclimation and adaptation of plants to drought. These findings have
important implications for agricultural practices in drought-prone regions, where biochar application can help mitigate
the negative effects of drought stress on crop productivity. The use of biochar as a soil amendment has been shown to
improve soil water retention and reduce drought stress in plants (Lehmann and Joseph, 2015). In this study, the
application of biochar appears to have had a positive effect on the emergence time of Z. mays under drought stress
conditions. The shorter mean emergence time in T4 and T5 suggests that biochar may have improved soil moisture and
promoted early germination and emergence in these treatments. In conclusion, the results of this study indicate that the
use of biochar as a soil amendment can improve the emergence time of Z. mays under drought stress conditions.
Further research is needed to investigate the mechanisms underlying this effect and to determine the optimal biochar
application rates and timing for maximum benefits. The results suggest that drought stress significantly reduced the
Vigor Index of Z. mays. However, the application of biochar mitigated the negative effects of drought stress, as seen in
the higher Vigor Index of T4 and T5 compared to T3. The results are consistent with previous studies that have shown
the positive effects of biochar on plant growth under drought stress conditions (Mukherjee et al., 2014; Jeffery et al.,
2015). In conclusion, the results of the study demonstrate the potential of biochar in improving plant growth and
mitigating the negative effects of drought stress. Future studies can further explore the mechanisms underlying the
positive effects of biochar on plant growth under drought stress conditions. . However, the application of biochar
appears to alleviate the negative impact of drought stress on germination, as evidenced by the higher germination
percentage in T4 and T5 compared to T2. This is consistent with previous studies that have reported the beneficial
effects of biochar on plant growth and development under drought conditions (Lehmann and Joseph, 2015). Overall,
the results suggest that biochar application can be an effective strategy for improving the germination of Z. mays under
drought stress conditions. Future studies should investigate the mechanisms underlying the positive effects of biochar
on plant growth and development under drought stress. This is consistent with previous studies that have reported the
beneficial effects of biochar on plant growth under stress conditions (Lehmann and Joseph, 2009; Jeffery et al., 2011).
In conclusion, the results suggest that the duration of drought stress and the application of biochar can have a
significant impact on the emergence of Z. mays. The findings have important implications for crop management in
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areas where drought stress is a major challenge, as well as for the use of biochar as a soil amendment to improve plant
growth under stress conditions. This result is consistent with previous studies that found a positive effect of the control
group on plant growth (Rathore et al., 2019). The application of biochar in T4 and T5 also positively affected the
absolute growth rate of Z. mays, as the growth rate in T4 and T5 was higher than that of T3 and T2. Biochar is known
to improve soil properties, including water retention, nutrient availability, and soil structure (Biederman and Harpole,
2013). These improvements may have contributed to the higher growth rate in T4 and T5. The drought stress in T2,
T3, T4, and T5 had a negative impact on the absolute growth rate of Z. mays. Drought stress can lead to reduced water
uptake, decreased photosynthesis, and inhibited growth (Zhang et al., 2020). The longer duration of drought stress in
T3 and T5 may have contributed to the lower growth rate compared to T2 and T4. In conclusion, the application of
biochar can mitigate the negative effects of drought stress on the growth of Z. mays, while prolonged drought stress
can have a negative impact on plant growth. These findings suggest that biochar may be a promising tool for
sustainable agriculture in drought-prone regions. The root-shoot ratio is an important indicator of plant growth and
development, as it reflects the balance between below-ground and above-ground biomass allocation. In the present
study, the higher root-shoot ratio in T4 indicates that biochar application under drought stress conditions can promote
root growth and development, which is consistent with previous studies (Lehmann et al., 2015; Jeffery et al., 2017).
Biochar is known to improve soil structure and increase water-holding capacity, which can enhance plant root growth
and water uptake (Masto et al., 2018). Interestingly, the root-shoot ratio was lower in T5, which suggests that
prolonged exposure to drought stress and biochar application may have a negative impact on plant growth and
development. This finding is consistent with previous studies that reported the negative effects of long-term drought
stress on plant growth and productivity (Chaves et al., 2003). In conclusion, the results of the study indicate that
biochar application can improve the root-shoot ratio of Z. mays under short-term drought stress conditions, but
prolonged exposure to drought stress and biochar application may have adverse effects on plant growth and
development. Further research is needed to investigate the underlying mechanisms of biochar-induced changes in plant
growth and development under different drought stress conditions. These results suggest that 7 Days of drought stress
with or without biochar application had a positive effect on LAR, while 14 Days of drought stress resulted in a
significant decrease in LAR. Previous studies have shown that drought stress can lead to changes in plant growth and
development, such as reduced leaf size and biomass production (Farooq et al., 2009). However, the application of
biochar has been reported to enhance plant growth and tolerance to drought stress (Rizwan et al., 2020; EI-Naggar et
al., 2019). The positive effect of biochar application in T4 and T5 treatments on LAR could be attributed to its ability
to improve soil moisture retention and nutrient availability, as well as enhancing root growth and development (Jeffery
et al., 2011; Asai et al., 2016). Overall, these findings suggest that the application of biochar under drought stress
conditions could be an effective strategy for improving the growth and development of Z. mays. Further studies are
needed to investigate the underlying mechanisms of the biochar-mediated enhancement of plant growth under stress
conditions.
CONCLUSION

The results of the experiment showed that drought stress had a significant negative impact on plant
growth, as seen by a decrease in shoot length, root length, leaf length, and leaf width. However, the addition of Biochar
to the stressed plants helped to mitigate some of the negative effects of drought stress, as seen in the higher values for
shoot length, root length, and leaf length compared to plants without Biochar. The fresh and dry weights of the plants
also followed a similar trend, with drought-stressed plants having significantly lower weights compared to the control.
Again, the addition of Biochar helped to increase the weights of the stressed plants, suggesting that Biochar can be an
effective tool for mitigating the effects of drought stress on plant growth. The physiological parameters measured in
the experiment, including GP, GE, GRI, MET, VI, FGP, FEP, ABG, RSR, and LAR, were also affected by the
treatments. While the control plants had the highest values for these parameters, the addition of Biochar to the stressed
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plants helped to increase their values, suggesting that Biochar can help plants maintain their physiological functions
even under stressful conditions. In conclusion, this experiment shows that drought stress has a significant negative
impact on the growth and physiological functions of Z. mays plants. However, the addition of Biochar can help to
mitigate some of the negative effects of drought stress, suggesting that Biochar can be an effective tool for improving
plant growth and resilience under stressful conditions. Further research is needed to fully understand the mechanisms
by which Biochar affects plant growth and physiological functions.
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