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Abstract— The application of biochar as an amendment can improve soil water retention, perhaps leading 

to higher crop yields. The experiment was conducted at Sher-e-Bangla Agricultural University, Dhaka, 

Bangladesh during January to April 2022 to find out the effects of biochar and chitosan on physiological, 

and biochemical traits subjected to water stressed tomato plant. The treatments i.e. three water regimes i.e. 

i) Control (80% of field capacity) ii) 60% of field capacity (FC) and iii) 40% of field capacity (FC) and three 

drought mitigating agents i) chitosan (200 µL L−1 ha−1), ii) rice husk biochar (20 t/ha) and iii) biochar + 

chitosan were used in this experiment. Twenty five days old, healthy and uniform seedlings were transplanted 

in plastic pot using biochar. Ten days after transplanting drought was imposed up to flowering stage. Ten 

days after transplantation, chitosan was administered by hand sprayer. The results showed that water stress 

dramatically lowered tomato morphological, physiological, and biochemical characteristics except lowering 

sugar. However, biochar and chitosan significantly reduced the effects of water stress on tomato plants. The 

use of biochar and chitosan resulted in large improvements in plant height, number of leaves, chlorophyll 

content, fruits per plant, and yield per plant, vitamin C, and total soluble solid content; however, these 

treatments resulted in significant declines in lowering sugar content in stressed plants. Therefore, combined 

effect of chitosan and biochar had a greater impact on growth, yield and biochemical parameters.  

Keywords— Water stress, Biochar, Chitosan, Chlorophyll content, Sugar content 

 

I. INTRODUCTION 

Tomatoes (Lycopersicum esculentum L.) are one of the 

most significant and commonly utilized agricultural 

vegetable crops, growing mostly in home and commercial 

gardens worldwide. There are numerous biotic and abiotic 

stress factors that influence plant growth and productivity. 

Significant reductions in growth parameters, such as leaf 

count, leaf area, and stem length, were seen in a variety of 

plants under drought stress (Abdelaal et al., 2020).  Drought 

stress, caused by insufficient water supply, induces 

physiological and biochemical responses in crops, reducing 

crop growth, development, and yield (Zhou et al., 2017). 

Tomato plants are very prone to dry stress, especially during 

the flowering and fruit expansion stages (Jangid & Dwivedi, 

2016). Drought stress has a major impact on crop yield and 

productivity in tomato plants (Chakma et al., 2021).  

The detrimental effects of several abiotic stresses on plants 

are linked to oxidative damage in the plant cells, which 

raises the levels of reactive oxygen species (ROS), lipid 

peroxidation, and electrolyte leakage (Sachdev et al., 2021). 

Overuse of chemical fertilizers has recently had negative 

consequences on water quality, soil microbes, human 

health, and soil qualities. There are numerous techniques for 

reducing the detrimental effects of chemical fertilizers and 

mitigating the damaging impacts of various stresses; one of 

the safest and most successful is the use of natural chemicals 

such as biochar and chitosan.  
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Biochar is a solid, stable, and carbon-rich substance that is 

produced by thermochemical transformation in anaerobic or 

oxygen-limited environments. It alters the hydraulic 

characteristics and nutritional state of soils (Gao et al., 

2019). Using biochar as 

productivity and optimize nutrient and water usage.  A soil 

amendment has been proposed as a way to boost long-term 

(Sarong and Orge, 2015). According to Xu et al. (2016), 

biochar produced notable growth characteristics and yield 

production under both stressful and natural environments. 

According to Zhang et al. (2023), adding biochar to plant 

physiology helps to mitigate the negative effects of drought 

stress on tomato seedling growth. By using biochar, plants 

were able to absorb more nutrients and had higher levels of 

nitrogen, phosphorus, and magnesium (Ch'ng et al., 2016). 

In drought-stricken pumpkin plants, biochar application 

boosted nutrient absorption and chlorophyll concentrations 

at a rate of 20 t ha−1 (Langeroodi et al., 2019). Compared to 

traditional chemical fertilizers, biochar increased the 

amount of organic matter and macronutrients in the soil and 

enhanced its quality (Kizito et al., 2019).  

A naturally occurring biopolymer derived from sea 

crustaceans, chitosan promotes plant development and yield 

while also boosting the immune system of plants 

(Pongprayoon et al., 2013; Sultana et al., 2019). Chitosan 

foliar spray serves to lessen the effect of water stress on 

yield, which may be related to an increase in stomatal 

conductance under water stress and its involvement in 

reducing transpiration rate (Yan et al., 2012). Recently, the 

antibacterial properties of chitosan, an organic polymer 

derived from the hard shells of aquatic animals like shrimp 

and crabs, have been studied (Elieh-Ali-Komi et al., 2016). 

Certain tomato attributes, including plant height, leaf area, 

chlorophyll content, relative water content, and yield, are 

positively impacted by the foliar application of chitosan 

during drought conditions (Hassnain et al., 2020). Chitosan 

is now used as a non-toxic, biodegradable, and 

environmentally friendly chemical to minimize and 

alleviate the impacts of various pressures, including drought 

stress (Dzung et al., 2011). Many studies have shown that 

using chitosan improves plant yield and germination 

(Mahdavi et al., 2014; Amiri et al., 2015).  

There is currently little evidence known about the effects of 

biochar and chitosan on the physiological and biochemical 

parameters of drought-stressed plants. Thus, the goal of our 

study is to determine the influence of biochar and chitosan 

on morpho-physiological, biochemical, and yield-

contributing parameters in tomato plants exposed to various 

water stresses. 

 

 

II. MATERIALS AND METHODS 

2.1. Plant materials and growing conditions 

The experiment was conducted in a shed house at Sher-e-

Bangla Agricultural University, Dhaka 1207, Bangladesh, 

under natural lighting conditions. Seeds of tomato variety 

(BARI tomato 8) were obtained from the Bangladesh 

Agricultural Research Institute (BARI), Gazipur, 

Bangladesh. Seeds were sowed in Poly vinyl chloride tanks 

(1.2×0.6×0.6 m) with soil mixture and slow-release 

fertilizers. Seedlings were transplanted to maintained pots 

(3 seedlings per pot), filled with soil, and fertilized as 

recommended.  

2.2. Treatments and sample collection 

The treatments were done as follows: plants received three 

water regimes i) Control (80% of field capacity), ii) 60% of 

field capacity (FC) and iii) 40% of field capacity (FC) were 

maintained from 30-35 days old seedling up to maturity. 

Plants also treated with chitosan (200 µL L−1 ha−1), rice husk 

biochar (20 t/ha) and chitosan + biochar. Treatments in the 

experiment will be used as follows: 80% moisture, 80% 

moisture + chitosan, 80% moisture + biochar, 80% moisture 

+ chitosan + biochar, 60% moisture, 60% moisture + 

chitosan, 60% moisture + biochar, 60% moisture + chitosan 

+ biochar, 40% moisture, 40% moisture + chitosan, 40% 

moisture + biochar, 40% moisture + chitosan + biochar. 

Three replications will be applied for all the treatments. 

Various morphological, physiological and biochemical 

parameters will be assessed during flowering stage. 

2.3. Measurement of plant height and leaf area 

Plant height was measured three times, from the base of the 

plant to the tip of the main stem, in centimeters for each 

plant in each treatment. The mean value was then computed. 

Three plants from each treatment had their leaves removed, 

and the leaf area was measured. The maximum width (W) 

and length (L) of every leaf collected were measured using 

a ruler. The breadth was measured on the widest leaflet, 

while the length was measured from the distal end of the 

rachis to the insertion of the first leaflet. 

2.4. Relative Water Content  

Three leaves were combined for each replicate, and their 

fresh weights (FW) were calculated. After regaining their 

turgidity, the leaves were submerged in water for twelve 

hours at room temperature. The surplus water was then 

immediately blotted from the turgid tissue, and the turgid 

weights (TW) of the leaves were determined. To find the 

samples' dry weights (DW), they were subsequently dried 

for 24 hours at 65°C in an oven. The following formula was 

used to determine the RWC: 

RWC % = ((FW−DW)/(TW−DW) *100. 
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2.5. Photosynthetic pigment 

The Porath (1980) method was used to detect photosynthetic 

pigments. One milliliter of 100% N, N-dimethylformamide 

(DMF) was used to homogenize 0.2 grams of leaf tissue that 

had been powdered using liquid nitrogen. The homogenized 

samples were centrifuged for 10 minutes at 10,000 rpm in 

order to collect the supernatant. Following another addition 

of 1 ml DMF, the samples were centrifuged. After 

discarding the supernatant, 1 milliliter of DMF was added. 

A spectrophotometer was used to record the absorbance at 

663 and 645 nm. A 100% DMF blank was used for 

calibration. The following formulas were used to determine 

total chlorophyll, chlorophyll a, and chlorophyll b: 

Chlorophyll a (mg g-1 tissue) = 

[12.7( 663) 2.69( 645)]

1000

OD OD V
W

− 
  

Chlorophyll b (mg g-1 tissue) = 

 

Total Chlorophyll (mg g-1 tissue) = 

 

Where OD: Optical density at respective nm, V: Final 

volume of chlorophyll extract,  

W: Fresh weight of the tissue extracted 

2.6. Yield  

The yield per plant was calculated using a per scale balance. 

The amount of fruit produced by each plant was counted 

separately during the time from fruit until the last harvest 

and the result was recorded in kilograms (kg). 

2.7. Reducing sugar content  

With a few changes to the assay volume and wavelength, 

reducing sugars were calculated using the phenol-sulphuric 

acid method (DuBois et al., 1956). After homogenizing 0.2 

grams of fresh leaf with deionized water, the extract was 

filtered. 0.4 milliliters of 5% phenol were combined with 2 

milliliters of the solution. The liquid was then quickly 

mixed with 2 cc of 98% sulfuric acid. The test tubes were 

kept at room temperature for ten minutes before being 

submerged in a water bath set at thirty degrees Celsius for 

twenty minutes to allow the color to develop. Next, using 

the spectrophotometer, light absorption at 540 nm was 

measured. The same method was used to prepare the blank 

solution, which is distilled water. The reducing sugar 

content was given in mg/g FW. 

2.8. Determination of proline content 

The Bates et al. (1973) method was used to extract and 

assess the proline content of the leaf tissues. Liquid nitrogen 

was used in a mortar to grind fresh leaf materials weighing 

fifty milligrams. After combining the homogenate powder 

with 1 milliliter of aqueous sulfuric acid (3% w/v), it was 

filtered using Whatman #1 filter paper. After adding an 

equal amount of Glacial acetic acid and ninhydrin reagent 

(1.25 mg of ninhydrin to 30 mL of Glacial acetic acid and 

20 ml of 6 M H3PO4) to the extracted solution, it was 

incubated for one hour at 95°C. Placing the reaction in an 

ice bath stopped it. Two milliliters of toluene were swiftly 

stirred into the reaction mixture. After warming to 25°C, the 

chromophore was detected at 520 nm. L-proline was 

employed as the standard.  

2.9. Total soluble solids content (TSS) 

TSS content in tomatoes was measured using a digital 

refractometer (MA871; Romania). Using a dropper, a drop 

of tomato juice was put to the refractometer prism. The 

refractometer value revealed the total soluble solids. 

2.10. Ascorbic acid determination 

The Oxidation-Reduction Titration Method (Tee et al., 

1988) was used to calculate the Ascorbic acid content of 

tomatoes.  The fruit was mashed and then filtered through 

Whatman No. 1 filter paper. A volume of 100ml was 

produced using 5% oxalic acid. We used the dye solution 2, 

6-dichlorophenol indophenol to carry out the titrations. 

Using L-ascorbic acid as the known sample, the mean 

observations showed how much dye was needed to oxidize 

an unknown concentration of a given amount of L-ascorbic 

acid solution. For every titration, 5 milliliters of the solution 

were utilized, and the pink color, which persisted for 10 

seconds, indicated the end of the titration. Consequently, a 

burette reading was obtained and kept. 

2.11. Data analysis 

Data analysis was done with SPSS 20.0 software. When P 

< 0.05, the value was deemed statistically significant. The 

mean ± SE of the replicates was used to present all the 

results. Microsoft Excel was used to create the graphs. 

 

III. RESULTS AND DISCUSSION 

3.1. Plant height (cm) 

Plant height was markedly decreased by water stress in 

tomato plants. In case of different moisture level, the 

highest plant height (101.01 cm) was observed in plants 

kept under 80% moisture level and the lowest plant height 

(82.33 cm) was found in plants kept 40% moisture level. 

Water stress leads to increases in abscisic acid which causes 

an inhibition of the plant growth (Abdalla et al., 2011). In 

60% and 40% moisture levels, the highest plants height 

https://dx.doi.org/10.22161/ijhaf.8.2.1
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(95.33cm) and (88.67cm) found in chitosan + biochar 

treatment respectively, which mitigated stress conditions 

corresponding to plants that did not employ chitosan and 

biochar. Accoding to Haider et al. (2020), biochar 

significantly reduces the harmful effects of drought and 

improved plant height by increasing photosynthetic rate. 

Chitosan plays a major protective function against drought 

damage; there may be a reason for the rise in plant height 

observed in stressed plants treated with chitosan (Bistgani 

et al., 2017). 

3.2. Leaf area (cm2) 

The highest leaf area (429.58 cm2) was observed in plants 

kept under 80% moisture level and the lowest leaf area 

(345.51 cm2) was found in plants maintained 40% moisture 

level. With the application of biochar and chitosan, plants 

mitigate drought stress and maintain plant leaf size under 

different water stressed conditions (Table 1). The highest 

leaf area (396.77 cm2) and (378.52 cm2) were noticed in 

plants treated with chitosan + biochar in both 60% and 40% 

moisture level respectively compared to drought stressed 

plants alone. This result of biochar application was similar 

to the obtained results of Wei et al. (2020).  Ren et al. (2021) 

observed that biochar contributes in enhancement of leaf 

area by improving root growth which helps in delivering 

water and mineral nutrients to the leaf area. Biochar 

amendment can be contributed to improve nutrient status in 

the leaves (Vassilev et al., 2013); therefore, biochar 

addition can alleviate the negative effects of drought on leaf 

area and ameliorate the photosynthetic rate which involves 

in enhancement of leaf area (Paneque et al., 2016). Mondal 

et al. (2016) who reported that foliar application of chitosan 

at early growth stages increased leaf area of plant.  Ke et al. 

(2001) reported that application of chitosan enhanced leaf 

area by increasing key enzymes activities of nitrogen 

metabolism. 

3.3. Relative water content (%) 

In case of different moisture levels, relative water content 

(82.02%) was observed higher in plants treated under 80% 

moisture level and relative water content (65.01%) was 

noticed lower in plants under 40% moisture level. Due to 

application of biochar and chitosan, plants mitigate water 

stress conditions and contain higher relative water content 

compared to drought stressed plants alone (Table 1). In both 

60% and 40% moisture level, the highest relative water 

content was detected in plants treated with chitosan + 

biochar compared to drought stressed plants alone. 

According to Lyu et al. (2016), applying biochar to leaves 

strengthens their defense mechanism against drought stress 

by enhancing the activity of protective enzymes and 

electron transfer, which reduces the damage that drought 

stress causes to RWC. By decreasing transpiration rate and 

increasing stomatal conductance during water stress, foliar 

application of chitosan can mitigate the negative effects of 

water stress on yield (Ibrahim et al., 2023). RWC was 

lowered by deficit watering treatments, however plants 

sprayed with chitosan showed noticeably greater RWC 

values. RWC values drop when there is a prolonged water 

deficit, although these drops may be mitigated by chitosan 

spraying (Khalil et al., 2021).  

3.4. Photosynthetic pigments 

In case of different moisture levels, the highest chlorophyll 

a (32.08 mg/g), chlorophyll b (34.71 mg/g) and total 

chlorophyll (22.15 mg/g) were observed in plants kept 

under 80% moisture level + chitosan and the lowest 

chlorophyll a (15.88 mg/g), chlorophyll b (21.26mg/g) and 

total chlorophyll (13.08 mg/g) were found in plants 

maintained 40% moisture level treated with no chemical. 

However, due to application of biochar and chitosan, plants 

mitigate drought stress and contain highest chlorophyll 

under different water stressed conditions compared to 

drought stressed plants alone (Table 1). In both 60% and 

40% moisture level, the highest photosynthetic pigments 

were detected in plants treated with chitosan + biochar, 

which mitigated stress conditions corresponding to plants 

that did not employ chitosan and biochar (Table 1).  

Table 1: Effect of biochar and chitosan with different water regimes on morphological, physiological and biochemical 

parameters of tomato 

Treatments Plant height 

(cm) 

Leaf area 

(cm2) 

Relative water 

content (%) 

Chlorophyll a 

(mg/g) 

Chlorophyll b 

(mg/g) 

Total chlorophyll 

(mg/g) 

W1B0 93.01 cd 394.93 bc 78.33 ab 26.41 bc 25.50 b 17.63 b 

W1B1 96.67 b 412.78 ab 82.02 a 32.08 a 34.71 a 22.15 a 

W1B2 95.53 bc 413.13 ab 70.66 bcd 28.42 ab 21.66 bcd 13.42 cd 

W1B3 101.01 a 429.58 a 79.22 ab 27.17 bc 25.03 bc 17.28 b 

W2B0 92.01 d 372.00 def 78.67 ab 24.03 cd 17.27 d 12.34 cd 

W2B1 92.67 cd 385.53 cd 77.33 ab 20.39 def 18.65 cd 12.23 bcd 
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W2B2 95.33 bc 383.26 cd 75.66 abc 20.90 def 17.21 d 15.36 bc 

W2B3 95.33 bc 396.77 bc 76.04 abc 24.00 cd 21.51 bcd 15.17 bcd 

W3B0 82.62 f 345.51g 65.01 d 15.88 g 21.26 bcd 13.08 cd 

W3B1 82.33 f 349.37 fg 73.01 bcd 22.36 de 22.58 bc 11.83 cd 

W3B2 83.67 f 358.73 efg 73.33 bcd 18.58 efg 19.65 cd 11.70 d 

W3B3 88.67 e 378.52cde 68.00 cd 17.45 fg 21.81 bcd 13.37 cd 

LSD0.05 3.12 22.71 8.39 4.00 5.02 3.54 

CV% 10.27 11.57 11.81 10.22 13.34 14.08 

Note. Means followed by same letter(s) in a column do not differ significantly at 5 % level of LSD. W1= 80% field capacity 

(control), W2= 60% field capacity, W3= 40% field capacity, B0= Control (No chemical), B1= 200 µL L−1 chitosan, B2= Rice 

husk biochar @20 t/ha, B3= 200 µL L−1 chitosan + Rice husk biochar @20 t/ha.  

 

According to Cabillo et al. (2019), plants under drought 

stress had the least amount of chlorophyll in comparison to 

control plants; this led to decreased photosynthetic 

efficiency and plant development (Franzoni et al., 2021). 

However, by raising chlorophyll levels in water-stressed 

plants and boosting photosynthesis, chitosan and glycine 

betaine treatments counteract these detrimental effects 

(Gurrieri et al., 2020). By enhancing tomato plant 

chlorophyll synthesis, stomata conductance, and water use 

efficiency, biochar application reduced the negative effects 

of drought stress (Farooq et al., 2021). According to recent 

reports, biochar treatment boosts photosynthetic rate and 

chlorophyll production, which in turn lowers ROS damage 

and boosts productivity (Gharred et al., 2022). 

3.5. Fruit yield and quality  

Fruit yield was considerably lower in drought-stressed 

plants (60% and 40% moisture level) compared to non-

stressed plants (80% moisture level). The use of biochar and 

chitosan boosted fruit yield in all water stressed plants. The 

highest fruit yield (1127 gm) and (552 gm) were noticed in 

plants treated with chitosan + biochar in both 60% and 40% 

moisture level respectively compared to drought stressed 

plants alone (Table 2).  According to Bangar et al. (2019), 

a drought has a substantial impact on a variety of morpho-

physiological and biochemical functions, which lowers 

yield. Enhancing plant development, increasing nutrient 

uptake, raising auxin and gibberellic acid concentrations, 

and ultimately boosting yield characteristics are all made 

possible by the use of biochar and chitosan (Langeroodi et 

al., 2019). 

The increased TSS content (5.23%) was observed at 40% 

moisture availability while the decreased TSS content 

(4.36%) was found in plant with 80% moisture level. Plants 

treated with biochar + chitosan in both 60% and 40% 

moisture availability showed the maximum TSS (5.07 %) 

and (5.23 %) respectively, compared to drought stressed 

plants alone (Table 2). The foliar spraying of chitosan to 

tomato plants resulted in fruits with increased total soluble 

solids (Reyes-Pérez et al., 2020). According to Ávila et al. 

(2023), chitosan-treated plants accumulated higher TSS 

compared to controls. We hypothesize that drought-induced 

buildup is related to decreased saccharolytic enzyme 

activity. Biochar application had no significant effects on 

TSS (Akhtar et al., 2014). 

The highest ascorbic acid (25.92 mg/100g) was found over 

40% field capacity. The lowest ascorbic acid reading (16.48 

mg/100g) was measured in 80% field capacity (Table 2). At 

stressed conditions, the ascorbic acid content of tomato was 

the highest in biochar + chitosan treated plants with 60% 

(23.66 mg/100g) and 40% (25.92 mg/100g) moisture levels 

compared to drought stressed plants alone. According to 

Nahar et al. (2018), the improved fruit quality in tomatoes 

under water deficiency conditions could be attributed to 

ascorbic acid production. Biochar increases ascorbic acid 

concentration in tomato fruit without significantly altering 

TSS under various water stress conditions (Agbna et al., 

2017). Kamal et al. (2011) found that foliar application of 

chitosan increases ascorbic acid significantly. 

Table 2: Effect of biochar and chitosan with different water regimes on yield and quality attributes of tomato 

Treatments Yield (g) TSS (ºB) Ascorbic acid (mg/100g) 

W1B0 1280.5 c 4.36 g 16.48 j 

W1B1 1386.7 b 4.67 f 17.28 i 

W1B2 1312.6 c 4.57 f 16.91 ij 
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W1B3 1489.8 a 4.80 e 18.587 h 

W2B0 933.0 f 4.83 de 19.83 g 

W2B1 1120.9 d 5.04 bc 22.41 e 

W2B2 1037.3 e 4.93 cd 21.44 f 

W2B3 1127.0 d 5.07 b 23.66 d 

W3B0 196.0 i 4.93 cd 24.50 c 

W3B1 504.7 g 5.13 ab 25.18 b 

W3B2 389.0 h 5.07 b 24.96 bc 

W3B3 552.0 g 5.23 a 25.92 a 

CV% 3.50 1.57 1.86 

LSD0.05 55.90 0.12 0.67 

W1= 80% field capacity (control), W2= 60% field capacity, W3= 40% field capacity, B0= Control (No chemical), B1= 200 µL 

L−1 chitosan, B2= Rice husk biochar @20 t/ha, B3= 200 µL L−1 chitosan + Rice husk biochar @20 t/ha. Means followed by 

same letter(s) in a column do not differ significantly at 5 % level of LSD.  

 

3.6. Biochemical Parameters 

3.6.1. Proline content (mg/g) 

In case of different moisture levels, the maximum proline 

content (3.78 mg/g) was observed in plants kept 80% 

moisture level and the minimum (0.84 mg/g) was noticed in 

plants maintained 40% moisture level. However, due to the 

application of biochar and chitosan, plants mitigate water 

stress conditions and contain the maximum proline (Figure 

1A). Under water stress, the maximum proline was 

observed in plants treated with chitosan + biochar in 60% 

(2.35 mg/g) and 40% (1.08 mg/g) moisture level, which 

mitigated stress conditions corresponding to plants that did 

not employ chitosan and biochar. Drought stress 

significantly reduces the accumulation of proline 

compounds in plants (Furlan et al., 2020). However, 

chitosan-treated plants store proline in plant tissue as a 

defense mechanism when there is a water scarcity (Sheikha 

et al., 2015). Plants employ proline accumulation as one of 

their defense mechanisms against the damaging effects of 

water stress (Kijowska-Oberc et al., 2023). Furthermore, 

the increased amount of proline in stressed plants caused by 

chitosan administration may indicate improved plant 

tolerance to water stress (Shafiq et al., 2021). Proline 

buildup is thought to be one of plants' reactions to reducing 

damage under water shortages (Anjum et al., 2011). This 

shows that using biochar can reduce the proline 

concentration of tomato leaves by enhancing soil moisture 

and assisting plants in adapting to abiotic stress. 

 

Fig.1. Effect of biochar and chitosan and different water regimes on proline and reducing sugar content of tomato 

W1= 80% field capacity (control), W2= 60% field capacity, W3= 40% field capacity, B0= Control (No chemical), B1= 200 µL 

L−1 chitosan, B2= Rice husk biochar @20 t/ha, B3= 200 µL L−1 chitosan + Rice husk biochar @20 t/ha. Means followed by 

same letter(s) in a column do not differ significantly at 5 % level of LSD.  
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3.6.2. Reducing sugar content (mg/g) 

In case of different moisture levels, the highest reducing 

sugar content (7.20 mg/g) was observed in plants kept under 

40% moisture level and the lowest reducing sugar (1.79 

mg/g) was found in plants maintained 80% moisture level 

(Figure 1B). Lowest reducing sugar was detected in plants 

with chitosan + biochar treatment in both 60% (3.08 mg/g) 

and 40% (6.10 mg/g) moisture level in soil, which mitigated 

stress conditions and resulted in lowest reducing sugar 

content. Drought stress causes decrease in growth 

parameters of tomato plants associated with increase 

reducing sugars contents), the increase was significant with 

increasing the drought stress (Mohammadi et al., 2023). In 

comparison to control plants and stressed untreated plants, 

all applications of chitosan and biochar dramatically 

reduced the amounts of starch, sucrose, and soluble sugars 

in the stressed plants (Hafez et al., 2020).   

 

IV. CONCLUSION AND RECOMMENDATIONS 

Biochar and chitosan were highly efficient in reducing the 

adverse effects of drought stress on tomato plant. The use 

of Biochar and chitosan are maintained plant growth, 

biochemical traits from the adverse effects of drought stress. 

Chitosan was the most effective at mitigating the adverse 

effects of drought stress on tomato plants compared to 

biochar. However, combined chitosan and biochar had a 

greater impact on growth, yield and biochemical 

parameters. As a result, there is an urgent need for inducing 

chitosan and biochar to have the capability of reducing 

water stress and increasing crop production. 

These findings can be applied to improve tomato production 

and productivity in drought-prone areas. However, there is 

a gap that must be bridged by future research: The study 

area's research should focus on replicating seasons and 

areas employing hybrid tomato varieties in drought-prone 

areas, as well as inducing biochar and chitosan to reduce 

water stress in tomato production and ease water stress 

problems. 
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