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Abstract: Rice residue burning is widely practiced to facilitate rapid field preparation for the succeeding 

crop, despite concerns regarding its adverse environmental effects and its potential to alter soil properties 

that influence sustainable crop production. The present study evaluated the soil-mediated effects of rice 

residue burning on the physiology and productivity of wheat grown under screen-house pot conditions. Soil 

samples (0–15 cm depth) were collected from nine sites before and after rice residue burning and used to 

establish a completely randomized pot experiment comprising 18 treatments with three replicates (54 pots). 

Wheat physiological parameters, including relative water content (RWC), chlorophyll content, chlorophyll 

fluorescence, photosynthetic rate, transpiration rate and stomatal conductance, together with yield 

attributes and productivity, were assessed and analysed statistically. Wheat grown in post-burning soils 

exhibited significant (P < 0.05) reductions in physiological performance and productivity compared with 

wheat grown in pre-burning soils. The maximum reductions recorded under post-burning conditions 

included 17.6% in RWC, 21.6% in chlorophyll content, 17.7% in chlorophyll fluorescence, 31.7% in 

photosynthetic rate, 33.2% in transpiration rate and 36.1% in stomatal conductance. Similarly, grain 

weight per spike, number of grains per spike, grain yield and biological yield decreased by up to 29.0%, 

26.3%, 24.5% and 28.0%, respectively. These findings demonstrate that changes in soil following rice 

residue burning adversely affected wheat physiological performance and productivity under screen-house 

pot conditions. The study highlights the importance of adopting sustainable rice residue management 

practices to minimize soil degradation and support crop productivity, while further field-based 

investigations are required before extrapolating these findings to field-scale wheat production. 
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1. INTRODUCTION 

India's primarily agrarian society engages more than half of its population, around 54.6%, in agricultural and 

associated activities. Presently, this cultivation method is prevalent across diverse Indian states, including Punjab, 

Haryana, Uttar Pradesh, Bihar, and Madhya Pradesh, which are the frontrunners. Collectively, these states account for 

75% of the country's food output (Ullah et al. 2021).  Rice, wheat, and maize stand as the primary cereal crops globally, 

with rice serving as the most crucial staple food for over 60% of the world's population. The Asian region, including 

India, contributes significantly, accounting for about 90% of the world's rice production and consumption (Krishna and 

Meenakshi, 2022). Rice plays a pivotal role in Indian agriculture, serving as the staple food for over 70% of the 

population and acting as a vital source of livelihood for rural households. In India, rice cultivation holds a prominent 

position, occupying approximately 478 lakh hectares in the year 2022-23 (FAS, 2025). As a predominantly agrarian 

nation, India heavily relies on its agricultural system, leading to the generation of significant quantities of crop residues. 

Specifically, the rice-wheat cropping system contributes approximately one-fourth of the nation's total crop residue output 

(Bhuvaneshwari et al. 2019). Various methods are available for managing these residues, such as burning, baling, 

incorporating them into the soil in situ, removing residues, or using them for mulching, animal feed, or bedding. 

However, burning is often favored by farmers due to its convenience and cost-effectiveness in swiftly clearing fields 

(Dutta et al. 2022). Alternative methods for residue utilization includes composting, mushroom cultivation, and 

biofuel production with good economic value (Kaur et al. 2022). The burning of rice straw emits a range of gases, such 

as carbon dioxide (70%), carbon monoxide (7%), methane (0.66%), and nitrous oxide (2.09%), which have detrimental 

effects on air quality and the well-being of humans and animals (Jain et al. 2014). This smoke can mix with fog, leading 

to the formation of smog, and presenting hazards to both human health and the surrounding ecosystem (Chawala and 

Sandhu, 2020). Different methods of managing residues, including burning, have a notable impact on the physico-

chemical characteristics of soil, influencing parameters such as bulk density, total NPK, soil organic matter (SOM), pH, 

and EC. Additionally, long-term effects such as erosion, reduced organic matter content, and compromised aggregate 

stability gradually manifest as the soil surface undergoes erosion from wind and water. These alterations are compounded 

by the decline in organic matter caused by stubble burning (Abdurrahman et al. 2020). Rice straw burning has detrimental 

effects on soil health, inducing degradation in soil properties and negatively impacting plant and soil ecology (Parihar et 

al. 2023). This practice notably elevates soil temperature, reaching 33.8°C–42.2°C at a depth of approximately 1 cm 

(Gupta et al. 2004). These elevated temperatures lead to the depletion of nitrogen in various forms from the soil, ranging 

from 23% to 73%, causing rapid changes in the soil's carbon-to-nitrogen (C: N) ratio in its upper layers (Kumar et al. 

2015). The rise in total potassium content could result from the leaching of extractable potassium and cation 

mineralization from burnt crop residue. The pH elevation might result from soil ash deposition or the generation 

of sodium and potassium oxides, hydroxides, and carbonates on the soil surface. The increased EC could be 

attributed to ash-induced aggregation collapse and void obstruction by dispersed ions.  Consequently, rice straw 

burning in fields results in diminished soil health, leading to decreased yields (El-Sobky, 2017; Abdurrahman et al. 2020).  
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CO2, N2O, and CH4 are the most significant greenhouse gas (GHG) emissions as a result of crop burning. The 

global warning potential of CH4, N2O are 21 and 310 times greater than that of CO2 (Chataut et al. 2023). Releases of 

NOx, leading to the formation of ground-level ozone through the interaction of nitrogen oxide and volatile organic 

compounds with solar radiation. This ozone adversely affects plant metabolism, contributing to decreased crop 

productivity for wheat, rice, cotton, and soybeans in India. Ground-level ozone infiltration damages plant leaves and 

hampers their metabolic processes. Particularly in northern India, studies indicate significant detrimental effects on wheat 

and soy crops due to ozone exposure (Sharma et al. 2019).  Compelling empirical data demonstrates that air pollution 

stemming from the burning of rice residue significantly impacts food production (Abdurrahman et al. 2020). India has 

incurred an estimated economic loss of approximately USD 1.5 billion over the past five years due to crop residue burning 

(IFPRI, 2019). A recent independent study highlights that stubble burning in Punjab and Haryana has led to reduced 

agricultural productivity. Elevated levels of fine particulate matter and NO2 were observed at the end of the Kharif season 

in these regions, primarily due to extensive rice biomass burning (Abdurrahman et al. 2020). In India, certain states levy 

monetary fines on farmers to discourage crop residue burning (CRB) practices, as continuous CRB practices over time 

have been found to diminish agriculture productivity (Garg et al. 2022). From the information gathered, it is evident that 

stubble burning detrimentally affects agricultural productivity. Implementing effective measures to mitigate these effects 

is crucial for enhancing agricultural productivity to meet the growing food demand. However, there is currently a lack of 

research data in the literature specifically addressing the impact of stubble burning on the physiology and productivity of 

subsequently grown wheat crops. Keeping in view the above concern, the present study was conducted on the impact of 

rice crop residue burning on physiology and productivity of succeeding grown wheat crop and results are discussed.  

2. MATERIALS AND METHODS 

2.1.  Soil sampling and analysis 

Soil samples were collected on 21 October 2021 from the pre-burning (one day before residue burning) and 

post-burning (One day after residue burning) fields at spatially paired nine sites in Tohana, Fatehabad, Haryana, 

India. Soil samples were collected from three villages—Khardwal, Samain, and Bithmara—with three sampling 

sites selected in each village and three replications collected from each site (Fig 1). For both the pre-burning and 

post-burning fields, ten soil cores (0–15 cm depth) were collected from each sampling site using a soil auger and 

thoroughly mixed to obtain a homogeneous composite sample of approximately 10 kg for each experimental pot. 

In total, 54 composite soil samples were prepared for the 54 experimental pots. No fertilization, irrigation, tillage, 

or rainfall occurred between the two sampling events. The collected soil samples were air-dried at room 

temperature, gently crushed, and passed through a 2-mm sieve before analysis. Soil pH and electrical conductivity 

(EC) were measured in a 1:5 (w/v) soil-to-distilled water suspension using a microprocessor pH–EC meter (Model 

1611). Soil organic carbon was determined by the Walkley and Black (1934) wet oxidation method, and soil 

organic matter (%) was calculated by multiplying the organic carbon content by the Van Bemmelen conversion 

factor (1.724). Total nitrogen was determined by the Kjeldahl digestion method (Bremner and Mulvaney, 1983). 

Total phosphorus was determined after nitric acid–perchloric acid (4:1, v/v) digestion of soil samples, followed by 

colorimetric determination using the molybdenum blue method described by Rowland and Haygarth (1997). 

Total potassium was determined from the same diacid digest using a flame photometer.  
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Figure 1: Geographic coordinates of soil sampling sites and field status during pre- and post-burning periods 

 

2.2. Experimental design 

Experiment was conducted during Rabi season (2021-22). Pots study was conducted to find the effect of burnt soil 

on wheat. Pot were filled with collected soil and then wheat was sown in pots. Standard plastic pots (approximately 30 

cm top diameter × 26 cm height) were filled with 10 kg of soil collected from each sampling site before and after 

rice residue burning. Wheat (Triticum aestivum L.) cultivar WH 1105 was sown on 9 November 2021, with 8–10 

seeds per pot. After seedling establishment, the plants were thinned to five healthy plants per pot, which were 

maintained until harvest. Pots were irrigated as required to maintain suitable soil moisture, and no fertilizers were 

applied during the experimental period. Each pot represented the experimental unit, while measurements 

recorded from five plants (or leaves) within the same pot were considered subsamples. The values obtained from 

these plants were averaged to generate a single observation for each pot prior to statistical analysis. The 

experiment consisted of 18 treatments (nine sampling sites × two burning conditions), each replicated three times, 

resulting in a total of 54 experimental pots arranged in a completely randomized design. Physiological measurements 

were recorded from the same pots at both the vegetative and heading stages. Measurements were performed on the 

youngest fully expanded leaf during the vegetative stage and on the flag leaf during the heading stage. The 

experiment was conducted under natural screen-house conditions without artificial control of temperature, 

relative humidity, or light. Meteorological data (maximum and minimum temperature, relative humidity, rainfall, 

and bright sunshine hours) for the experimental period were obtained from the Department of Meteorological 

Sciences, CCS Haryana Agricultural University, Hisar. The data obtained from wheat grown in pre-burning and 
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post-burning soils were analyzed separately using two-factor analysis of variance (ANOVA), considering sampling 

site and growth stage as fixed factors. Mean separation was performed using Tukey's honestly significant 

difference (HSD) test at the 5% level of significance. Physiological parameters and yield attributes were examined for 

the wheat grown in both pre-burnt and post-burnt soil in pots under screen house conditions.  

2.3. Parameters Analysis 

2.3.1. Relative water content 

Relative water content (RWC) of the leaf was assessed using the technique introduced by Barrs and Weatherley, 

(1962). Immediately after excising leaf samples, they were weighed and placed in Petri dishes containing approximately 

20 ml of distilled water. The samples were then kept at a constant temperature under diffused light conditions for a 

duration of 4 hours. Once the leaves reached full turgidity, they were removed from the petri plates. Any excess water was 

removed by gently blotting with coarse filter paper, and the leaves were weighed again to determine their turgid weight. 

Subsequently, the samples were placed in an oven to obtain their dry weight, which was then recorded. RWC was 

calculated by the following formula:  

RWC (%) = {Fresh weight (FW)−Dry weight (DW)/Turgid weight (TW)−Dry weight (DW)}×100 

2.3.2. Chlorophyll content  

In accordance with the approach outlined by Zhao et al. (2007), the SPAD chlorophyll content was determined 

using a chlorophyll meter, specifically the Minolta SPAD-502 Plus model. This device assessed the greenness or relative 

chlorophyll content of the leaves. The device provides immediate and non-invasive measurements on a plant, utilizing the 

assessment of light intensity absorbed by the tissue sample, primarily at a peak wavelength of about 650 nm (red LED). 

Additionally, a secondary peak at around 940 nm (infrared LED) is emitted concurrently with the red LED to account for 

leaf thickness. 

2.3.3. Chlorophyll fluorescence  

Chlorophyll fluorescence readings, including F0, Fm, and Fv/Fm, were captured at a distance of 4 cm from the base 

of the underside of leaves using a chlorophyll fluorometer (Opti-Sciences Model OS-30p). Each replication involved the 

measurement of five randomly chosen plants. Initially, the leaf was placed in darkness for one minute, and secured with 

clips for acclimation. Subsequently, dark-adapted samples were exposed to continuous irradiation for 1 second at an 

intensity of 1500 μ mol m-2s-1, emitted by an array of three light-emitting diodes within the sensor. This irradiation 

included 695 nm modulated light directed towards the leaf. The resulting fluorescence signals, comprising F0, Fm, and 

Fv/Fm, were then detected. 

2.3.4. Photosynthetic rate, Transpiration rate and Stomatal conductance 

From 10:30 AM to 11:30 AM, the photosynthetic rate (μmol m-2 s-1), transpiration (mmol m–2s–1), and stomatal 

conductance (mol m–2s–1) of the leaf were measured using an open system LCA-4 ADC portable Infra Red Gas Analyser 

(IRGA) manufactured by Analytical Development Company in Hoddeson, England. The leaf cuvettes of the IRGA were 

initially secured on the upper surface of the leaf, with the PAR sensor facing sunlight upwards. Subsequently, the cuvettes 

were adjusted to optimize PAR exposure and minimize the difference in CO2 and water vapor readings between the 

reference and analytical cells. Once stability was achieved, the exchange switch was activated, and the values were 

recorded. 
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2.3.5. Number of grains/ spike 

The threshed grains from spikes were counted to obtain grain number/spike.  

       2.3.6 .Grain weight/ spike 

The weight of total grains per spike from three spikes in each replication from each site was taken in grams & 

average was recorded. 

       2.3.7. Grain yield  

The weight of total grains per plant from three plants in each replication from each site was taken in grams & 

average was recorded.  

        2.3.8. Biological yield 

The biological yield was calculated in grams for three plants per replication from each site and average was 

calculated. 

2.4. Statistical analysis  

Soil data were analyzed using an independent samples t-test at a significance level of P < 0.05. Physiological and yield 

parameters of wheat were analyzed using factorial analysis of variance (ANOVA) with sampling site, burning 

condition, and growth stage as fixed factors. Following ANOVA, the Site × Burning × Growth Stage interaction 

means were compared using Tukey's Honestly Significant Difference (HSD) test at P < 0.05. Values presented in the 

graphs are expressed as mean ± standard error (SE). Bars labeled with different lowercase letters indicate statistically 

significant differences among the Site × Burning × Growth Stage interaction means according to Tukey's HSD test (P 

< 0.05) 

3. RESULTS  

3.1. Soil Physicochemical Parameters 

The physicochemical properties of pre- and post-burning soils are presented in Table 1 to provide the soil 

conditions associated with the physiological responses observed in wheat. Independent-samples t-tests indicated 

significant differences (P < 0.05) between pre- and post-burning soils for all measured parameters. 

 

Table 1: Physicochemical properties of pre- and post-burning soil samples (mean ± SE, n = 9). 

Parameter Pre-Burning Post-Burning 

Total Nitrogen (mg/kg) 625.2 ± 23.09 516.8 ± 17.09* 

Total Phosphorus (mg/kg) 601.0 ± 16.93 518.3 ± 25.09* 

Total Potassium (mg/kg) 172.5 ± 8.99 208.8 ± 8.38* 

Organic Matter  (mg/kg) 29313.9 ± 653.62 27332.2 ± 695.81* 

EC (dS/m) 0.9 ± 0.10 1.9 ± 0.16* 
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pH 7.5 ± 0.20 
8.1 ± 0.36* 

Values are presented as mean ± SE (n = 9). Asterisks (*) indicate significant differences between pre- and post-

burning soils based on an independent-samples t-test (P < 0.05). Organic matter was calculated from organic 

carbon determined by the Walkley and Black method using a conversion factor of 1.724. 

 

3.2. Physiological parameters of Wheat 

3.2.1. Relative water content  

The relative water content (RWC) of wheat grown in post-burning soil decreased at both the vegetative and heading 

stages across all sampling sites compared with the corresponding pre-burning conditions (Figure 2). Before burning, 

RWC ranged from 78.3 to 85.7% at the vegetative stage and from 79.0 to 83.5% at the heading stage. Following 

burning, RWC declined to 68.7–76.8% and 66.7–71.3% at the vegetative and heading stages, respectively. The 

greatest decrease in RWC was observed at Site 7 (Bithmara), amounting to 16.9% at the vegetative stage and 17.6% at 

the heading stage, whereas the smallest decrease was recorded at Site 1 (Khardwal), with reductions of 8.9% and 

11.6% at the respective stages.

 

Figure 2: Changes in relative water content of wheat grown in pre and post-burnt soil (Values are presented as mean 

± SE (n = 3). Bars with different lowercase letters indicate significant differences among the Site × Burning × 

Growth Stage interaction means according to Tukey's HSD test (P < 0.05)) 
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3.2.2. Chlorophyll content  

Chlorophyll content (SPAD units) in wheat grown in post-burning soil decreased at both the vegetative and heading 

stages across all sampling sites compared with the corresponding pre-burning conditions (Figure 3). Before burning, 

chlorophyll content ranged from 52.67 to 56.47 SPAD units at the vegetative stage and from 47.54 to 51.93 SPAD 

units at the heading stage. Following burning, chlorophyll content declined to 43.67–47.56 and 38.12–42.25 SPAD 

units at the vegetative and heading stages, respectively. The greatest reduction in chlorophyll content was observed at 

Site 9 (Bithmara) during the vegetative stage (19.44%) and at Site 7 (Bithmara) during the heading stage (21.60%), 

whereas the smallest reduction at both the vegetative (13.48%) and heading (12.58%) stages was recorded at Site 3 

(Khardwal) compared with the corresponding pre-burning conditions.

 

Figure 3: Changes in chlorophyll content of wheat grown in pre and post-burnt soil (Values are presented as mean ± 

SE (n = 3). Bars with different lowercase letters indicate significant differences among the Site × Burning × 

Growth Stage interaction means according to Tukey's HSD test (P < 0.05)) 

 

3.2.3. Chlorophyll fluorescence 

Chlorophyll fluorescence (Fv/Fm) of wheat grown in post-burning soil decreased at both the vegetative and heading 

stages across all sampling sites compared with the corresponding pre-burning conditions (Figure 4). Before burning, 

Fv/Fm values ranged from 0.675 to 0.709 at the vegetative stage and from 0.592 to 0.684 at the heading stage. 

Following burning, Fv/Fm declined to 0.583–0.638 and 0.492–0.603 at the vegetative and heading stages, 

respectively. The greatest reduction in chlorophyll fluorescence was observed at Site 7 (Bithmara) during the 

vegetative stage (15.75%) and at Site 9 (Bithmara) during the heading stage (17.73%), whereas the smallest reduction 
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was recorded at Site 3 (Khardwal) during the vegetative stage (9.77%) and at Site 1 (Khardwal) during the heading 

stage (11.80%) compared with the corresponding pre-burning conditions.

 

Figure 4: Changes in chlorophyll fluorescence of wheat grown in pre and post-burnt soil (Values are presented as 

mean ± SE (n = 3). Bars with different lowercase letters indicate significant differences among the Site × 

Burning × Growth Stage interaction means according to Tukey's HSD test (P < 0.05)) 

 

3.2.4. Photosynthetic rate  

The photosynthetic rate of wheat grown in post-burning soil decreased at both the vegetative and heading stages 

across all sampling sites compared with the corresponding pre-burning conditions (Figure 5). Before burning, the 

photosynthetic rate ranged from 10.33 to 15.54 μmol CO₂ m⁻² s⁻¹ at the vegetative stage and from 10.12 to 13.78 μmol 

CO₂ m⁻² s⁻¹ at the heading stage. Following burning, the photosynthetic rate declined to 9.11–11.78 and 7.89–10.21 

μmol CO₂ m⁻² s⁻¹ at the vegetative and heading stages, respectively. The greatest reduction in the photosynthetic rate 

was observed at Site 4 (Samain) during the vegetative stage (24.20%) and at Site 8 (Bithmara) during the heading 

stage (31.74%), whereas the smallest reduction was recorded at Site 3 (Khardwal) during both the vegetative (7.86%) 
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and heading (12.10%) stages compared with the corresponding pre-burning conditions.

 

Figure 5: Changes in photosynthetic rate of wheat grown in pre and post-burnt soil (Values are presented as mean ± 

SE (n = 3). Bars with different lowercase letters indicate significant differences among the Site × Burning × 

Growth Stage interaction means according to Tukey's HSD test (P < 0.05)) 

 

3.2.5. Transpiration rate  

The transpiration rate of wheat grown in post-burning soil decreased at both the vegetative and heading stages 

across all sampling sites compared with the corresponding pre-burning conditions (Figure 6). Before burning, the 

transpiration rate ranged from 5.25 to 7.21 mmol H₂O m⁻² s⁻¹ at the vegetative stage and from 4.89 to 6.34 mmol H₂O 

m⁻² s⁻¹ at the heading stage. Following burning, the transpiration rate declined to 4.54–5.53 and 3.89–5.11 mmol H₂O 

m⁻² s⁻¹ at the vegetative and heading stages, respectively. The greatest reduction in transpiration rate was observed at Site 

4 (Samain) during the vegetative stage (27.46%) and at Site 7 (Bithmara) during the heading stage (33.20%), whereas the 

smallest reduction was recorded at Site 1 (Khardwal) during the vegetative stage (9.93%) and at Site 2 (Khardwal) 

during the heading stage (13.50%) compared with the corresponding pre-burning conditions. 
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Figure 6: Changes in transpiration rate of wheat grown in pre and post-burnt soil (Values are presented as mean ± 

SE (n = 3). Bars with different lowercase letters indicate significant differences among the Site × Burning × 

Growth Stage interaction means according to Tukey's HSD test (P < 0.05)) 

 

3.2.6. Stomatal conductance 

Stomatal conductance of wheat grown in post-burning soil decreased at both the vegetative and heading stages 

across all sampling sites compared with the corresponding pre-burning conditions (Figure 7). Before burning, stomatal 

conductance ranged from 0.378 to 0.417 mol H₂O m⁻² s⁻¹ at the vegetative stage and from 0.355 to 0.413 mol H₂O m⁻² 

s⁻¹ at the heading stage. Following burning, stomatal conductance declined to 0.289–0.321 and 0.264–0.307 mol H₂O m⁻² 

s⁻¹ at the vegetative and heading stages, respectively. The greatest reduction in stomatal conductance was observed at 

Site 7 (Bithmara) during the vegetative stage (29.85%) and at Site 8 (Bithmara) during the heading stage (36.08%), 

whereas the smallest reduction was recorded at Site 1 (Khardwal) during the vegetative stage (18.62%) and at Site 3 

(Khardwal) during the heading stage (16.58%) compared with the corresponding pre-burning conditions. 
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Figure 7: Changes in stomatal conductance of wheat grown in pre and post-burnt soil (Values are presented as mean 

± SE (n = 3). Bars with different lowercase letters indicate significant differences among the Site × Burning × 

Growth Stage interaction means according to Tukey's HSD test (P < 0.05)) 

 

3.2.7. Yield and yield attributes  

3.2.7.1. Grain weight per spike and number of grains per spike  

The grain weight per spike of wheat grown in post-burning soil decreased across all sampling sites compared with the 

corresponding pre-burning conditions (Figure 8). Before burning, grain weight per spike ranged from 1.98 to 2.31 g, 

whereas after burning it declined to 1.57–1.91 g. The greatest reduction in grain weight per spike was observed at Site 

8 (Bithmara) (29.0%), while the smallest reduction was recorded at Site 2 (Khardwal) (9.6%) compared with the 

corresponding pre-burning conditions. The number of grains per spike of wheat grown in post-burning soil decreased 

across all sampling sites compared with the corresponding pre-burning conditions (Figure 9). Before burning, the 

number of grains per spike ranged from 48 to 57, whereas after burning it declined to 42–51. The greatest reduction in 

the number of grains per spike was observed at Site 8 (Bithmara) (26.3%), while the smallest reduction was recorded 

at Site 2 (Khardwal) (4.2%) compared with the corresponding pre-burning conditions.
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Figure 8: Changes in grain weight per spike of wheat grown in pre and post-burnt soil (Values are presented as 

mean ± SE (n = 3). Bars with different lowercase letters indicate significant differences among the Site × 

Burning × Growth Stage interaction means according to Tukey's HSD test (P < 0.05)) 
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Figure 9: Changes in number of grains per spike of wheat grown in pre and post-burnt soil (Values are presented as 

mean ± SE (n = 3). Bars with different lowercase letters indicate significant differences among the Site × 

Burning × Growth Stage interaction means according to Tukey's HSD test (P < 0.05)) 

 

3.2.7.2. Grain yield and biological yield 

The grain yield of wheat grown in post-burning soil decreased across all sampling sites compared with the 

corresponding pre-burning conditions (Figure 10). Before burning, grain yield ranged from 3.8 to 5.2 g plant⁻¹, 

whereas after burning it declined to 3.5–4.1 g plant⁻¹. The greatest reduction in grain yield was observed at Site 8 

(Bithmara) (24.5%), while the smallest reduction was recorded at Site 3 (Khardwal) (2.6%) compared with the 

corresponding pre-burning conditions. The biological yield of wheat grown in post-burning soil decreased across all 

sampling sites compared with the corresponding pre-burning conditions (Figure 11). Before burning, biological yield 

ranged from 10.37 to 13.52 g plant⁻¹, whereas after burning it declined to 9.34–11.32 g plant⁻¹. The greatest reduction 

in biological yield was observed at Site 9 (Bithmara) (28.0%), while the smallest reduction was recorded at Site 1 

(Khardwal) (9.2%) compared with the corresponding pre-burning conditions.
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Figure 10: Changes in grain yield of wheat grown in pre and post-burnt soil (Values are presented as mean ± SE (n 

= 3). Bars with different lowercase letters indicate significant differences among the Site × Burning × Growth 

Stage interaction means according to Tukey's HSD test (P < 0.05)) 
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Figure 11: Changes in biological yield of wheat grown in pre and post-burnt soil (Values are presented as mean ± 

SE (n = 3). Bars with different lowercase letters indicate significant differences among the Site × Burning × 

Growth Stage interaction means according to Tukey's HSD test (P < 0.05)) 

4. DISCUSSION 

Rice residue burning alters soil physicochemical properties and nutrient availability, which may collectively 

impose abiotic stress on subsequent crops. The observed changes in soil pH, electrical conductivity, organic matter 

and nutrient status may have influenced plant water relations and physiological performance. Previous studies 

have suggested that changes in soil physical conditions following residue burning may contribute to temporary 

waterlogging, hypoxia and oxidative stress under certain environmental conditions; however, these processes were 

not directly measured in the present study and are therefore discussed only as possible mechanisms rather than 

demonstrated causes. In wheat farming, considerable crop losses due to waterlogging are estimated at 15–20% annually 

(Katerova et al. 2021). The effects of waterlogging are observed in alterations to plant processes like photosynthesis, 

respiration, transpiration, and antioxidative mechanisms. Moreover, the increased soil electrical conductivity observed 

after burning may have contributed to osmotic imbalance and reduced water uptake by plants, thereby affecting 

plant water status. As a result, crop growth and productivity could suffer adverse effects. Therefore, rice residue burning 

may influence soil properties, as well as the physiology and yield of subsequent wheat crops. 

RWC is considered a gauge of plant water status, showcasing the metabolic activity of the plant system and serving 

as an indicator of dehydration in many plants (Anjum et al. 2017; Quemada et al. 2021). It closely correlates with the 

physiological functions of plants and is frequently employed to demonstrate the correlation between plant leaves and 

water content. RWC also signifies the capacity to maintain water content and the degree of leaf wilting. The current 

investigation revealed a reduction in the relative water content of wheat grown in soil post-burning during both the 
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vegetative and heading stages compared to pre-burning conditions. This decline in RWC aligns with findings from Agnes 

et al. (2009), where notably decreased RWC values were observed even at anthesis in two susceptible wheat cultivars, 

suggesting a correlation with drought stress.  

Chlorophyll, found predominantly in chloroplasts, serves as a primary site for photosynthesis and is closely linked 

to the photosynthetic rate and the greenness of flag leaves (Wang and Grim, 2021). Alterations in chlorophyll levels serve 

as indicators of the tolerance or susceptibility of genotypes to harsh environmental conditions such as intense light, high 

temperatures, and dry air, particularly in cultivars sown at different times (Mishra et al. 2017). In this study, a decrease in 

chlorophyll content (measured in SPAD units) was observed at both stages under post-burning conditions compared to the 

pre-burning. The decline in chlorophyll levels suggests impaired photosynthetic function, which may be associated 

with altered soil physicochemical conditions, reduced nutrient availability and reduced stomatal conductance 

following burning. The reduction in chlorophyll content and quantum yield under stress conditions may reflect 

impairment of the photosynthetic apparatus associated with altered soil conditions following burning. Multiple 

studies have reported similar reductions in chlorophyll under waterlogging stress, suggesting a possible 

physiological response under comparable abiotic stress conditions. During the emergence stage, a 10-day period of 

stress resulted in chlorophyll reductions ranging from 15% to 33% across four wheat genotypes (Yadav et al. 2015). 

Similarly, at the tillering stage, reductions ranging from 41% to 61% were observed in six wheat varieties after 28 days of 

waterlogging (Amri et al. 2014). Zheng et al. (2009) reported that in wheat cultivars, chlorophyll content in the flag leaf 

was significantly lower under waterlogging and salt stress treatments compared to control plants at 18 days after anthesis 

(DAA). The chlorophyll fluorescence (Fv/Fm ratio) indicates the photosystem II's (PS II) electron trapping ability, with 

reductions linked to D1 reaction-center protein damage in PS II (Fatma et al. 2021). This parameter is widely used to 

assess photosynthetic activity and its underlying mechanisms, particularly under various abiotic and biotic stresses, 

providing intricate insights into plant physiology. In our recent study, we observed a decrease in chlorophyll fluorescence 

during both vegetative and heading stages under post-burning conditions compared to pre-burning conditions. This 

reduction could be attributed to decreased relative water content (RWC), chlorophyll content and chlorophyll stability 

index after burning. Similar findings were evident in chickpea, where drought stress led to a significant reduction in the 

quantum yield of photosystem II (Fv/Fm), which was positively correlated with RWC (Kumar et al. 2018).  In wheat, 

reductions in the Fv/Fm ratio have also been reported under waterlogging stress (Amri et al. 2014; Wu et al. 2015; 

Herzog et al. 2016) indicating that similar physiological responses may occur under different abiotic stresses. This 

leads to a diminished efficacy in utilizing captured photon energy (Shao et al. 2013). 

In the present investigations, the photosynthetic rate of wheat grown in soil affected by post-burning practices 

decreased during both the vegetative and heading stages compared to conditions before burning. The decline in 

photosynthesis could be attributed to alterations in soil physicochemical properties and nutrient depletion caused by post-

burning conditions. The observed decline in photosynthesis may involve both stomatal and non-stomatal limitations 

associated with the altered soil conditions following burning. Non-stomatal factors, including reduced chlorophyll 

stability index and ion uptake affecting enzymatic reactions, contribute to this decline. The reductions in osmotic 

potential (Ψs), RWC and stomatal conductance observed in the present study suggest that partial stomatal 

limitation may have contributed to the reduced photosynthetic rate. This finding aligns with similar results observed 

by Bashir et al. (2020) in pea plants and Ahmad et al. (2018) in wheat crops. Similar reductions in photosynthetic rate 

and stomatal conductance have been reported under various abiotic stresses, including waterlogging and salinity 

(Zheng et al. 2009). The study findings indicate a decline in wheat transpiration rate after soil post-burning, evident 

during both vegetative and heading stages compared to pre-burning conditions. This reduction may be associated with 

the observed decreases in osmotic potential, relative water content (RWC), and stomatal conductance under post-
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burning conditions. Stomatal conductance plays a pivotal role in regulating transpiration, and its reduction due to various 

stress factors can lead to decreased water loss through stomata. Additionally, the decrease in transpiration rate may relate 

to stomatal pore size regulation, as discussed by Beltrano et al. (2006). Similar results were reported by Zhao et al. (2020) 

as transpiration rate decreased significantly in winter wheat under moderate and severe water stress. Stomatal closure is an 

immediate response to prevent excessive water loss via transpiration. Our study reveals a decrease in stomatal 

conductance at both vegetative and heading stages after burning, compared to pre-burning conditions. This reduction 

could be associated with the observed decreases in osmotic potential and relative water content under post-burning 

conditions. This phenomenon aligns with previous findings by Baroowa et al. (2015) in mungbeans, Ahmad et al. (2018) 

in wheat, and Bashir et al. (2020) in pea plants under soil moisture stress. 

Plants' reaction to water stress is influenced by various factors including developmental stage, stress severity and 

duration, and genetic characteristics of the cultivar (Seleiman et al. 2021). Grain crop yield encompasses two primary 

components: grain number and grain weight, which are typically determined at different stages of the wheat crop cycle 

(Brinton and Uauy, 2019). Following burning, there was a notable decrease in wheat yield and its associated attributes 

compared to pre-burning conditions. The decline in various yield-related traits in wheat under post-burning conditions 

may stem from the adverse effects on physiological-biochemical characteristics and dry matter accumulation. Specifically, 

the number of grains per spike and biological yield in wheat were negatively impacted, leading to a decrease in grain yield 

per plant. The observed nutrient depletion together with alterations in soil physicochemical properties following 

burning may have reduced photosynthesis and assimilate translocation, thereby contributing to lower yield 

potential. The altered soil conditions following burning were associated with lower seed and biological yields, 

possibly due to the challenging growing environment, supported by decreased plant water status and growth parameters in 

wheat. The stress induced by insufficient water uptake from the soil accelerates crop maturation and constrains the 

development and expansion of leaves, both critical for plant survival, and jeopardizing the overall economic output 

(Chauhan and Williams, 2018). Ding et al. (2020) observed a 9 to 15% decline in wheat yield when waterlogging 

occurred during the seedling, jointing, and tillering stages. Wheat is notably vulnerable to waterlogging, commonly 

resulting in reduced grain yield per plant. Extensive research, including studies by Olgun et al. (2008), Pampana et al. 

(2016), and Ploschuk et al. (2018), has documented substantial grain yield reductions ranging from 50% to 70% due to 

prolonged waterlogging during sowing, seedling emergence, flowering, and grain-filling stages, attributed to impaired 

seed set and fewer spikes per unit area. 

5. CONCLUSION AND FUTURE PROSPECTIVE 

The present study demonstrated that wheat grown in post-burning rice-field soils under screen-house pot 

conditions exhibited significant reductions in physiological performance and productivity compared with wheat 

grown in pre-burning soils. Reductions in photosynthetic rate, transpiration rate, and stomatal conductance 

indicated physiological stress associated with soil changes following rice residue burning. These physiological 

responses were accompanied by decreases in grain yield and biological yield, suggesting that alterations in soil 

properties after burning adversely affected the performance of the succeeding wheat crop under the experimental 

conditions. Overall, the findings highlight the soil-mediated effects of rice residue burning on wheat physiology and 

productivity and emphasize the importance of sustainable residue management practices, such as baling, 

mulching, and composting, to maintain soil quality and support sustainable crop production. Further field-based 

investigations are required to determine the extent to which these findings apply to field-scale wheat productivity 

under diverse agroecological conditions.       
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