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Abstract 
 

Drought is one of the serious inevitable causes of climate change and its impact seriously affect agriculture 

and livelihood. So, managing drought with a farmer friendly approach is very important. This study illustrates 

the effect of foliar applications on managing drought stress and how it impacts on growth, yield and 

biochemical characteristics. Study was conducted at Instructional farm of Kerala Agricultural University 

during late Rabi 2024. Treatments consisted of 7 foliar applicants and three levels of moisture stress.  Yield 

parameters such as panicles per plant, grains per panicle, grain yield, 1000 grain weight and straw yield was 

recorded after harvest. Biochemical parameters such as Relative Water Content (RWC), proline, total 
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chlorophyll content was observed at MT and PI stage through standard procedure. The statistical data analysis 

was done using GRAPES KAU version 1.1.0. Foliar application had significant influence on growth, yield 

and biochemical parameters. Under 50% FC moisture stress highest grain yield was obtained from KCl @ 

0.3% application (12.7 g/plant). However, kaolin application @ 5% obtained highest grain yield under 

moisture stress at MT and PI (13 g/plant) stage and no moisture stress (12.7g/plant). Highest proline content 

was observed under kaolin application at 50% FC and stress given at MT and PI stage. From this experiment, 

it can be concluded that the application of kaolin at 5% and KCl at 0.3% produced yields comparable to those 

of stress-free crops. The yield obtained through drought stress management using foliar application was also 

comparable to that of plants grown under irrigated conditions. Therefore, the present study should be repeated 

under multilocation and multiseasonal trials to obtain more conclusive results. As the trial showed a positive 

influence on managing drought stress through foliar application, further investigation is warranted to validate 

its effectiveness under diverse environmental conditions. 

 

 
Keywords: Kaolin; KCl; proline; PPFM; salicylic acid; drought management; foliar application. 

 

1. Introduction  

 
Rice is one of the most important food crops cultivated and considered as staple food by more than half of the 

world’s population. Productivity of rice is been challenged by climate change and its after effects. Global rise in 

temperature and drought is one among the climatic change factors that affect rice cultivation drastically. So, 

efforts must align to combat the distress and sustain yields. In the current scenario with rising temperature and 

water stress its need of the hour to deal with the issue seriously.   

 

Drought tolerance in rice could be done via breeding, soil amendments, foliar application with agrochemicals, 

use of phyto friendly microbes for stress tolerance etc (Upadhyaya & Panda, 2019). One among the easiest and 

cheapest ways is to increase plants ability to tolerate the water stress and sustain yields is through foliar spray. 

Foliar application induce biosynthesis of osmolytes, scavenging of harmful ROS, ion homeostasis radicals, 

water circulation and coordination of a long distance response system (Reddy et al., 2004; Bekkam & 

Thiyagarajan, 2024; Saurabh et al., 2025). Exogenous application of agrochemicals is one of the farmer friendly 

approach to combat the water stress (Tyagi et al., 2020). Foliar application has an added advantage easier 

absorption by plants with larger surface area and smaller drop size (Rao & Chaitanya, 2016). 

 
Exogenous foliar sprays used for drought management in crops can be broadly classified into several categories, 

including antitransparents, plant hormones, microbial formulations, growth promoters, and nutrient fertilizers. 

Antitranspirants are further categorized into stomatal closing, reflecting, film-forming, and growth-retarding 

types (Mphande et al., 2020). These compounds help reduce transpiration losses, maintain plant water status, 

and improve photosynthetic efficiency under moisture stress conditions (Ghazy et al., 2025). Plant hormones 

such as salicylic acid play an important role in sustaining plant growth during drought stress by enhancing 

antioxidant activity and scavenging reactive oxygen species (ROS), thereby improving stress tolerance and 

accelerating recovery. Microbial formulations such as Pink Pigmented Facultative Methylotrophs (PPFM) also 

contribute to drought tolerance by promoting plant growth, improving physiological efficiency, and maintaining 

productivity under stress conditions (Pandey & Shukla, 2015). Such beneficial microbes positively interact with 

plants and help alleviate the adverse effects of drought stress while sustaining crop yield (Aswathy et al., 2020). 

 

Although several studies have independently evaluated the role of antitranspirants, plant growth regulators, and 

microbial formulations under drought stress, comparative information on their combined effectiveness in rice 

under varying moisture regimes is still limited. In addition, there is insufficient understanding regarding their 

influence on biochemical responses, antioxidant enzyme activity, and yield performance under field-level 

drought conditions. Therefore, the present study was undertaken to evaluate the effect of different foliar spray 

treatments on growth, yield, and biochemical parameters of rice under drought stress conditions. 

 

2. Methodology  

 
An experiment was conducted during the late Rabi season of 2024 at the Instructional Farm, Kerala Agricultural 

University, Vellanikkara . Objective of the study was to evaluate the effectiveness of different foliar applications 

https://www.sciencedirect.com/science/chapter/edited-volume/pii/B9780127999630000113#bib112
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in mitigating drought stress in rice. During the experimental period, the crop was exposed to severe moisture 

deficit conditions. It was characterized by prolonged rainless days exceeding 100 days and mean maximum 

temperatures above 40°C, which persisted up to crop maturity. A medium-duration rice variety, Uma, was used 

for the study (Kerala Agricultural University, 2024). Variety is a clonal selection released from regional rice 

research station, Mancombu, Allapuzha. 

 

2.1 Experimental Setup 
 

The experiment was laid out in Completely Randomized Design (CRD) factorial design with three replications. 

The treatments comprised of two factors. Factor A consisted of seven foliar applications viz., F1 – PPFM (Pink 

Pigmented Facultative Methylotrophs) at 1–2%, F2 – salicylic acid at 200 ppm, F3 – kaolin at 5%, F4 – KCl at 

0.3%, F5 – silica (K₂SiO₃) at 400 mg/L, F6 – water spray, and F7 – control (without foliar application). Factor B 

included three moisture stress regimes: I1 – 50% field capacity maintained throughout all growth stages, I2 – 

moisture stress imposed at maximum tillering (MT) and panicle initiation (PI) stages, and I3 – no moisture 

stress, with water maintained at field capacity throughout the crop growth period. At I2 moisture stress was 

imposed at maximum tillering (MT) and panicle initiation (PI) stage by withdrawing irrigation for five days then 

providing irrigation after 90% of plants exhibited leaf rolling symptoms. Foliar sprays were applied twice, first 

at the maximum tillering stage (35 DAS) and subsequently at the panicle initiation stage (60 DAS). The study 

was conducted in UV stabilised grow bag with size of 40x24x24 cm3, with 600 Gauge (150 Microns) thickness. 

Fertilizers, lime and FYM was applied as per KAU package of practice recommendation. Urea (46% N), rock 

phosphate (20% P2O5), Muriate of Potash (MOP-60% KCl) was used as the source of nitrogen, phosphorus and 

potassium respectively. Lime was applied @ 250 kg/ha and mixed thoroughly two weeks before sowing crop. 

FYM @ 5t/ha was applied 3 days before sowing of crop. 

 

 
 

Fig. 1. Layout of experiment 

 

2.2 Data Collection, Calculation and Analysis 
 

Growth parameters including plant height, root length, leaf area, and dry matter production were recorded at 30, 

60, and 90 DAS from three randomly selected plants in each pot. 
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Leaf area was measured using the formula  

 

Total leaf area = L x B x 0.75 x total number of leaves  

 

L- Maximum length of the 3rd leaf blade from the top (cm) 

B- Maximum width of the leaf blade (cm) 

 

Yield parameters such as panicles per plant, grains per panicle, grain yield, 1000 grain weight and straw yield 

was recorded after harvest. Biochemical parameters such as Relative Water Content (RWC), proline, total 

chlorophyll content were observed at MT and PI stage through standard procedure. DAB staining for H2O2 and 

NBT staining for ROS was done using light microscopy. The statistical data analysis was done using GRAPES 

KAU version 1.1.0 (Gopinath et al., 2021) and significance at 0.05. 

 

3. Results and Discussion 
 

3.1 Growth Parameters 
 

The results of the study revealed that foliar applications significantly influenced the management of drought 

stress in rice under varying moisture stress conditions. Growth parameters including plant height, root length, 

leaf area, and dry matter production were markedly affected by the different foliar treatments. Among the 

treatments, foliar application of salicylic acid at 200 ppm recorded significantly higher plant height at 30 DAS 

under both irrigated conditions (39.0 cm) and moisture stress imposed at maximum tillering and panicle 

initiation stages (39.2 cm) compared to other foliar applications. The next best performance was observed with 

silica (K₂SiO₃) application at 400 mg/L (Table 1). A similar trend was also observed at 60 and 90 DAS, where 

salicylic acid treatment consistently maintained superior plant height. The beneficial effect of salicylic acid 

under drought stress may be attributed to its role as a signaling phenolic compound involved in regulating 

physiological and biochemical processes in plants exposed to moisture stress. Salicylic acid enhances stress 

tolerance through maintenance of cellular homeostasis by reducing transpiration water loss, inducing partial 

stomatal closure, promoting deeper and extensive root development, and facilitating osmotic adjustment 

mechanisms (Saha et al., 2016; Urmi et al., 2023). 

 

Root growth was also significantly influenced by the exogenous application of different foliar treatments under 

varying moisture stress conditions. At 30 DAS, the highest root length was recorded with silica (26.2 cm) 

followed by kaolin application (26cm) under stress imposed at maximum tillering (MT) and panicle initiation 

(PI) stages. Under, irrigated conditions longer roots were observed in salicylic acid application. Whereas under 

50% field capacity, longer root growth was observed with PPFM application (Table 2). PPFM (Pink Pigmented 

Facultative Methylotrophs), an obligate methylotrophic Gram-negative bacterium, has been reported to enhance 

growth and performance in rice under stress conditions (Manimala & Sundaram, 2018). The beneficial 

association of PPFM with plants enhances growth and stress tolerance through improved antioxidant activity, 

electrolyte balance, and production of growth-promoting substances. Furthermore, PPFM increases nutrient 

availability and synthesizes plant growth regulators such as indole-3-acetic acid (IAA), cytokinins, gibberellic 

acid (GA), and 1-aminocyclopropane-1-carboxylate deaminase (ACC deaminase), thereby promoting root 

growth and plant development (Nysanth et al., 2023). 

 

Under 50% field capacity at 60 DAS, salicylic acid, silica, and control treatments recorded almost similar root 

lengths. Under moisture stress at MT and PI stages, PPFM treatment maintained comparatively higher root 

length, whereas under irrigated conditions, KCl application resulted in superior root development. At 90 DAS, 

the highest root length was observed with kaolin application. The beneficial effect of kaolin may be attributed to 

its antitranspirant properties. Kaolin forms a reflective coating on the leaf surface, which reduces the absorption 

of excessive solar radiation, including ultraviolet and infrared rays, thereby lowering canopy temperature and 

minimizing heat stress. Increased reflectance due to kaolin application reduces the adverse effects of high 

temperature and moisture stress, ultimately supporting better root growth and plant performance in rice 

(Brillante et al., 2016; Faghihi et al., 2025). 

 

Vegetative growth and biomass accumulation play a crucial role in determining overall crop growth and 

productivity. Leaf area and dry matter production are important physiological parameters that influence 

photosynthetic efficiency and assimilate production, thereby contributing to improved source–sink relationship 
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and crop performance. The results of the present study indicated that foliar applications significantly influenced 

both leaf area and dry matter production under different moisture stress conditions. At 30 DAS, the maximum 

leaf area under 50% field capacity was recorded with KCl application at 0.3% (Table 3). The next highest leaf 

area (233.6 cm²) was observed with silica (K₂SiO₃) application at 400 mg/L. Since, potassium improves 

stomatal regulation, osmotic adjustment, and photosynthetic efficiency leading to greater biomass accumulation 

(Bagheri et al., 2011; Zhu et al., 2020). Under irrigated conditions without moisture stress, silica application 

recorded the highest leaf area, followed by kaolin application. Improved growth observed with silica application 

might be attributed to enhanced photosynthetic efficiency, reduced transpiration loss, maintenance of plant 

water status, and improved antioxidant defense under drought stress conditions (Thorne et al., 2021). Silicon 

deposition in plant tissues also strengthens cell walls and improves physiological efficiency, leading to higher 

biomass accumulation (Jin et al., 2024; Mandlik et al., 2020). The enhanced leaf area observed with these 

treatments may be attributed to improved water balance, better cell expansion, and maintenance of 

photosynthetic activity under stress conditions. 

 

Dry matter production was also significantly affected by the foliar treatments. At 30 60 DAS under 50% field 

capacity, the highest dry matter accumulation was observed with salicylic acid application, which was followed 

by PPFM treatment (Table 4). The improved biomass production under these treatments may be associated with 

enhanced physiological activity, osmotic regulation, and maintenance of metabolic processes under drought 

stress conditions. Though dry matter production was higher in salicylic acid application but this didn’t really 

influence yield might be due to poor source sink partitioning (Hassan et al., 2023; Bhandari et al., 2023). 

However, under irrigated conditions and stress imposed at MT and PI stages, variations among treatments in dry 

matter production were comparatively less pronounced. At 90 DAS, no significant differences in dry matter 

production were observed among the treatments, indicating that the effect of foliar applications on biomass 

accumulation diminished towards crop maturity. 

 

3.2 Yield Parameters 
 

Foliar application significantly influenced the number of panicles per plant, 1000-grain weight, and straw yield. 

Among the different foliar treatments, kaolin @ 5% and KCl @ 0.3% recorded a higher number of panicles per 

plant compared to the other treatments. The improved performance under kaolin application could be attributed 

to its antitranspirant effect, which reduces water loss through transpiration by forming a protective film over the 

leaf surface and partially regulating stomatal opening. This helps in maintaining higher leaf water status, 

improving photosynthetic efficiency, and ultimately enhancing crop productivity under drought conditions. 

Similar findings were reported by Patel et al. (2019), where foliar application of kaolin @ 6% increased rice 

yield by 8% over the control. 

 

The 1000-grain weight did not vary markedly among the treatments; however, relatively higher values were 

observed with salicylic acid and KCl application, indicating their positive role in improving grain development 

and assimilate translocation under stress conditions. Rice yield was significantly influenced by exogenous foliar 

application under 50% FC moisture stress conditions. Among the treatments, foliar application of KCl @ 0.3% 

and kaolin @ 5% recorded the highest grain yield, with increases of 46.23% and 41.84%, respectively, over the 

treatment without foliar spray (Table 5). The beneficial effect of KCl might be attributed to its role in osmotic 

adjustment, stomatal regulation, and stress alleviation under drought conditions, as reported by Zain and Ismail 

et al., 2016; Aswani et al., (2025); Zhu et al. (2020). Similarly, the improved performance under kaolin 

application could be due to its reflective and antitranspirant properties, which reduce canopy temperature and 

transpiration losses, thereby improving water use efficiency and photosynthetic activity under moisture stress.  

 

Under irrigated conditions, foliar application of kaolin @ 5% recorded the highest grain yield among all 

treatments, resulting in a 42% increase over the absolute control. This was closely followed by foliar application 

of silica (K₂SiO₃) @ 400 mg/L and KCl @ 0.3%. Silicon application improves plant growth and biomass 

accumulation by enhancing photosynthesis, maintaining water balance, regulating antioxidant activity, and 

alleviating drought-induced oxidative stress (Ahire et al., 2021). A similar trend was observed under moisture 

stress imposed at the maximum tillering (MT) and panicle initiation (PI) stages, where foliar spray applied 

treatments maintained yield levels comparable to those under irrigated conditions. This indicates the potential 

role of foliar sprays in imparting stress tolerance and minimizing yield reduction under drought stress. The 

enhanced yield under stressed conditions might be due to improved physiological and biochemical responses 

induced by foliar application, which helped to alleviate stress effects and sustain productivity.  
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Table 1. Effect of foliar applicants and moisture stress on plant height at different growth stages 

 
Treatments Plant height (cm) 

Foliar Applicants 30 DAS 60 DAS 90 DAS 

Factor A – Foliar applicants I1  I2 I3 Mean I1 I2 I3 Mean I1 I2 I3 Mean 

F1-PPFM 1-2%  33.5 32.4 29.9 31.9 61.6 55.8 45.3 54.2 87.5 89.8 95.7 91.0 

F2-Salicylic acid 200ppm  35.5 39.2 39.0 37.9 57.4 64.7 57.5 59.9 92.2 94.3 96.6 94.4 

F3-Kaolin @ 5% 30.2 35.4 33.5 33.0 50.7 56.3 61.2 56.1 91.7 89.3 91.2 90.7 

F4-KCl 0.3%  33.4 30.4 36.2 33.3 54.3 46.7 42.7 47.9 85.2 89.2 87.9 87.4 

F5-Silica(K2SiO3) 400 mg/L  35.6 37.0 35.4 36.0 52.9 60.1 52.8 55.3 89.7 85.8 81.1 85.5 

F6-Water spray 34.3 33.9 32.0 33.4 50.2 48.0 57.0 51.7 72.7 84.3 75.8 77.6 

F7-Control  36.2 33.1 31.6 33.6 45.8 42.0 42.0 43.3 84.9 78.8 71.5 78.4 

Mean 34.1 34.5 33.9  53.3 53.4 51.2  86.3 87.4 85.7  

CD (0.05)- Foliar applicants 3.7 6.03 6.62 

CD (0.05) -Moisture Stress  NS NS NS 

Interaction CD (0.05)  NS 10.4 NS 

 
Table 2. Effect of seed treatments and moisture stress on root length weight at different growth stages 

 

Treatments Root length (cm) 

Foliar Applicants 30 DAS 60 DAS 90 DAS 

Factor A – Foliar applicants I1  I2 I3 Mean I1 I2 I3 Mean I1 I2 I3 Mean 

F1-PPFM 1-2%  36.7 21.4 18.2 25.4 24.5 25.5 24.3 24.8 31.2 32.4 33.0 32.2 

F2-Salicylic acid 200ppm  34.0 18.4 28.0 26.8 27.2 24.7 23.9 25.2 31.3 26.5 27.3 28.4 

F3-Kaolin @ 5% 29.6 26.0 26.2 27.2 23.0 24.8 15.0 20.9 34.7 32.1 29.5 32.1 

F4-KCl 0.3%  33.5 23.0 23.5 26.7 23.1 24.3 34.3 27.2 29.3 24.4 30.3 28.0 

F5-Silica(K2SiO3) 400 mg/L  25.3 26.3 24.5 25.4 27.3 19.7 25.3 24.1 33.4 31.3 26.5 30.4 

F6-Water spray 11.7 17.0 22.5 17.1 16.5 15.8 23.5 18.6 29.1 31.1 33.2 31.1 

F7-Control  15.5 11.0 14.3 13.6 27.6 21.6 21.9 23.7 30.0 26.5 25.8 27.4 

Mean 26.6 20.4 22.5  24.2 22.3 24.0  31.3 29.2 29.4  

CD (0.05)- Foliar applicants 4.41 4.95 3.22 

CD (0.05) -Moisture Stress  2.89 NS NS 

Interaction CD (0.05)  7.65 NS NS 

 

 



 
 

 

 
Aswani et al.; Int. J. Plant Soil Sci., vol. 38, no. 5, pp. 305-319, 2026; Article no.IJPSS.158380 

 

 

 
311 

 

Table 3. Effect of foliar application and moisture stress on leaf area 

 

Treatments Leaf Area (cm2) 

Foliar Applicants 30 DAS 60 DAS 90 DAS 

Factor A – Foliar applicants I1  I2 I3 Mean I1 I2 I3 Mean I1 I2 I3 Mean 

F1-PPFM 1-2%  208.3 189.6 150.5 182.8 497.9 266.4 255.6 340.0 534.9 517.0 666.6 572.8 

F2-Salicylic acid 200ppm  182.9 241.1 160.6 194.9 315.9 287.2 279.5 294.2 671.2 703.9 549.6 641.6 

F3-Kaolin @ 5% 156.8 198.2 268.2 207.7 401.0 351.8 336.0 363.0 572.8 511.3 650.3 578.1 

F4-KCl 0.3%  249.4 290.0 252.7 264.0 482.2 268.2 262.5 337.6 600.9 699.4 814.1 704.8 

F5-Silica(K2SiO3) 400 mg/L  214.0 217.4 269.6 233.6 309.5 421.1 234.2 321.6 622.8 705.3 651.2 659.8 

F6-Water spray 212.2 194.4 204.7 203.8 245.0 208.8 320.1 258.0 553.7 634.1 690.5 626.1 

F7-Control  156.2 173.0 142.2 157.1 203.4 305.8 180.2 229.8 529.2 573.5 501.2 534.6 

Mean 197.1 214.8 206.9  350.7 301.3 266.9  583.6 620.6 646.2  

CD (0.05)- Foliar applicants 53.96 NS 108.2 

CD (0.05) -Moisture Stress  NS 66.14 NS 

Interaction CD (0.05)  NS NS NS 

 

Table 4. Effect of foliar application and moisture stress on dry matter production 

 

Treatments Dry Matter Production (g/plant) 

Foliar Applicants 30 DAS 60 DAS 90 DAS 

Factor A – Foliar applicants I1  I2 I3 Mean I1 I2 I3 Mean I1 I2 I3 Mean 

F1-PPFM 1-2%  3.2 2.1 3.7 3.0 7.9 7.3 7.8 7.6 20.5 18.4 20.7 19.9 

F2-Salicylic acid 200ppm  4.4 2.0 2.8 3.1 10.3 6.2 9.5 8.6 22.2 20.4 19.3 20.6 

F3-Kaolin @ 5% 1.6 2.7 2.7 2.3 4.2 7.3 7.3 6.3 20.3 23.1 19.2 20.9 

F4-KCl 0.3%  2.4 2.0 2.7 2.4 6.3 5.5 6.9 6.2 23.3 21.6 20.2 21.7 

F5-Silica(K2Si2O3) 400 mg/L  1.7 2.2 2.1 2.0 7.8 4.6 5.6 6.0 21.0 22.2 20.4 21.2 

F6-Water spray 1.1 2.8 2.4 2.1 3.4 3.3 7.0 4.5 21.9 19.9 22.6 21.4 

F7-Control  1.4 1.2 1.0 1.2 5.9 3.7 4.2 4.6 20.6 19.7 20.2 20.1 

Mean 2.2 2.1 2.5  6.5 5.4 6.9  21.4 20.7 20.4  

CD (0.05)- Foliar applicants 0.77 1.69 NS 

CD (0.05) -Moisture Stress  NS 1.12 NS 

Interaction CD (0.05)  1.33 2.93 NS 
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Table 5. Effect of foliar applicants and moisture stress on yield parameters 

 

Treatments Yield parameters 

Foliar Applicants Number of panicles per plant 1000 grain weight Straw yield (g/plant) 

Factor A – Foliar applicants I1 I2  I3  Mean  I1 I2  I3  Mean I1 I2  I3  Mean  

F1-PPFM 1-2%  9.0 9.3 9.7 9.3 20.2 21.0 21.9 21.1 56.9 48.9 59.9 55.3 

F2-Salicylic acid 200 ppm  11.7 10.0 9.7 10.4 19.5 21.2 21.4 20.7 53.6 50.7 44.9 49.7 

F3-Kaolin @ 5% 11.3 13.0 12.7 12.3 21.0 20.9 20.6 20.8 52.1 59.6 63.5 58.4 

F4-KCl 0.3%  12.7 11.7 12.3 12.2 21.6 22.6 21.8 22.0 46.3 56.7 57.2 53.4 

F5-Silica (K2SiO3) 400 mg/L  11.3 12.3 11.0 11.6 20.7 21.6 19.6 20.6 47.4 56.9 48.8 51.0 

F6-Water spray 8.7 8.3 8.0 8.3 22.4 20.8 20.5 21.2 42.1 48.4 46.9 45.8 

F7-Control  8.0 7.7 8.0 7.9 18.5 19.6 20.0 19.4 38.3 39.8 43.0 40.4 

Mean 10.4 10.3 10.2  20.6 21.1 20.8  48.1 51.6 52.0  

CD (0.05)- Foliar applicants 1.96 1.19 7.25 

CD (0.05) -Moisture Stress  NS NS NS 

Interaction CD (0.05)  NS NS NS 

 

Table 6. Effect of seed treatments and moisture stress on grain yield 

 

Treatments Grain yield(g/plant) 

Foliar Applicants I1- 50% FC (at all growth stages) (g/plant) I2- Stress at MT and PI stage (g/plant) I3- No moisture stress (g/plant) Mean 

Factor A – Foliar applicants 

F1-PPFM 1-2%  20.3 15.5 19.7 18.5 

F2-Salicylic acid 200ppm  16.7 12.9 21.0 16.9 

F3-Kaolin @ 5% 21.1 24.1 24.1 23.1 

F4-KCl 0.3%  22.8 23.2 21.9 22.7 

F5-Silica (K2SiO3) 400 mg/L  16.8 23.3 22.2 20.8 

F6-Water spray 13.5 11.9 13.1 12.9 

F7-Control  12.3 11.9 13.8 12.7 

Mean 17.7 17.6 19.4 
 

CD (0.05)- Foliar applicants 5.6 

CD (0.05) -Moisture Stress  NS 

Interaction CD (0.05)  NS 
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In addition to grain yield, straw yield was also significantly influenced by foliar application treatments. Under 

irrigated conditions, the highest straw yield was recorded with kaolin application (63.5 g plant⁻¹), followed by 

PPFM application (59.9 g plant⁻¹). Patel et al. (2019) reported improved biomass production and higher straw 

yield due to reduced transpiration and better water conservation with kaolin spray. A similar trend was observed 

under stress imposed at the MT and PI stages. However, under 50% FC moisture stress, the highest straw yield 

was obtained with PPFM foliar application, followed by salicylic acid application. The increased straw yield 

under these treatments might be associated with improved vegetative growth, higher leaf area retention, and 

enhanced dry matter accumulation under stress conditions. 

 

3.3 Biochemical Parameters 
 

Foliar applications and moisture stress significantly influenced malondialdehyde (MDA) and proline content 

(Figs. 2–4). Malondialdehyde is an important indicator of lipid peroxidation and oxidative stress in plants, 

where higher MDA content reflects greater membrane damage caused by stress conditions. In the present study, 

higher MDA content was observed with KCl application under moisture stress imposed at the maximum 

tillering (MT) and panicle initiation (PI) stages, whereas the lowest MDA content was recorded with kaolin 

application under the same stress conditions. The reduced MDA accumulation in kaolin-treated plants might be 

attributed to its antitranspirant and reflective properties, which help in minimizing water loss, reducing canopy 

temperature, and alleviating oxidative stress. Under severe stress conditions, increased generation of reactive 

oxygen species (ROS) enhances membrane lipid peroxidation, thereby increasing MDA accumulation as part of 

the stress response mechanism to maintain cellular homeostasis. 

 

Proline content also increased under moisture stress conditions, indicating its role in osmotic adjustment, 

protection of cellular structures, and scavenging of reactive oxygen species during drought stress. Enhanced 

proline accumulation under stress acts as an adaptive mechanism that helps plants tolerate moisture deficit 

conditions. 

 

Relative water content (RWC) was also assessed; however, no significant differences were observed among the 

treatments, indicating that foliar applications were able to maintain comparable plant water status across stress 

conditions. 

 

Proline content another important parameter signifying the importance of stress, foliar application under 

different moisture stress condition influenced proline content. Higher proline content was observed in control 

without any foliar application under irrigated condition. Even though ambient irrigated condition didn’t really 

keep up the plant under homeostasis without any drought management practices. Next higher content of proline 

was observed in water spray under stress imposed at MT and PI stage. Generally, in plants high proline content 

signifies severe stress and proline gives strength to scavenge the high ROS generated in plant. In this study in 

control and water spray plant itself have created a self-defense by increasing the proline content to combat the 

drought stress. Many research works have contributed the importance of proline in rice and its potential to 

stabilize the structure of protein and cell membrane, role in protective action of protein etc (Kavi & 

Sreenivasulu, 2014; Dien et al., 2019). 

 

ROS is the potential indicator of the stress, DAB staining to find H2O2 accumulation and NBT to find the ROS 

generation was done in rice leaves (Fig. 5a-5g). The image indicate that more stain was in control and least in 

KCl followed by kaolin treatments signifying less accumulation of ROS species. Many findings have shown 

ROS accumulation is more in plants due to stress either moisture stress or salinity stress. Here less stain was 

observed in KCl and Kaolin indicating plants are less stressed due to the foliar spray. 

 

3.4 Economics 
 

The economics of rice cultivation as influenced by different foliar applications under varying moisture stress 

conditions were evaluated in terms of gross returns, net returns, and benefit–cost (B:C) ratio, and the results are 

presented in Table 7. The economic analysis clearly indicated that foliar application treatments considerably 

improved the profitability of rice cultivation compared to the untreated control under both irrigated and moisture 

stress conditions. 
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Fig. 2. Effect of foliar applicants and moisture stress on malondialdehyde content of rice at MT 

 

 
 

Fig. 3. Effect of foliar applicant and moisture stress on RWC at MT 
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Fig. 4. Effect of foliar applicants and moisture stress on proline content at MT 

 

 
 

Fig. 5a. PPFM, Fig. 5b. Salicylic acid, Fig. 5c. Kaolin, Fig. 5d. KCl, Fig. 5e. Silica, Fig. 5f. Water Fig. 5g. Control  
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Fig. 6a. PPFM, Fig. 6b. Salicylic acid, Fig. 6c. Kaolin, Fig. 6d. KCl, Fig. 6e. Silica, Fig. 6f. Water Fig. 6g. Control 

 

Table 7. Effect of foliar application and moisture stress on economics of cultivation 

 
Treatments Gross returns Net returns B:C 

Foliar applicants I1 I2 I3 I1 I2 I3 I1 I2 I3 

F1-PPFM 1-2%  31025.7 34927.7 30562.0 -7756.4 -3454.4 -8620.1 0.8 0.91 0.78 

F2-Salicylic acid 200ppm  35218.9 35246.2 43485.3 -3913.2 -3485.9 3953.2 0.9 0.91 1.1 

F3-Kaolin @ 5% 54315.9 49916.2 48604.4 15518.8 11519.1 9407.3 1.4 1.3 1.24 

F4-KCl 0.3%  46472.5 42159.8 45151.4 7745.4 3832.7 5889.3 1.2 1.1 1.15 

F5-Silica(K2SiO3) 400 mg/L  43787.6 30680.1 35356.6 5037.5 -7670.0 -3928.5 1.13 0.8 0.9 

F6-Water spray 33653.4 29860.0 34118.8 -5028.7 -8422.1 -5098.2 0.87 0.78 0.87 

 F7-Control  30945.7 32922.6 30589.3 -7736.4 -5359.5 -8627.8 0.8 0.86 0.78 
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Among the foliar treatments, kaolin @ 5% (F3) recorded the highest gross returns across all moisture regimes, 

registering ₹54,315.9 ha⁻¹ under irrigated condition (I1), ₹49,916.2 ha⁻¹ under stress imposed at the maximum 

tillering stage (I2), and ₹48,604.4 ha⁻¹ under stress imposed at the panicle initiation stage (I3). The higher gross 

returns obtained with kaolin application were mainly attributed to its superior performance in maintaining grain 

yield and biomass production under moisture stress conditions. Kaolin also recorded the highest net returns of 

₹15,518.8 ha⁻¹, ₹11,519.1 ha⁻¹, and ₹9,407.3 ha⁻¹ under I1, I2, and I3 conditions, respectively. Correspondingly, 

the highest B:C ratio was also observed with kaolin application, with values of 1.40, 1.30, and 1.24 under I1, I2, 

and I3 conditions, respectively, indicating the economic viability and profitability of this treatment even under 

drought stress. The next best treatment was foliar application of KCl @ 0.3% (F4), which recorded gross returns 

of ₹46,472.5 ha⁻¹, ₹42,159.8 ha⁻¹, and ₹45,151.4 ha⁻¹ under I1, I2, and I3 conditions, respectively. This 

treatment also resulted in comparatively higher net returns and B:C ratio than most other treatments, suggesting 

that potassium-mediated stress alleviation contributed positively towards sustaining yield and economic returns 

under moisture deficit conditions. 

 

Foliar application of salicylic acid @ 200 ppm (F2) exhibited moderate economic performance. Although the 

treatment showed negative net returns under irrigated and MT stress conditions, it recorded a positive net return 

of ₹3,953.2 ha⁻¹ and a B:C ratio of 1.10 under PI stage stress, indicating its beneficial role in improving 

productivity during reproductive-stage moisture stress. 

 

Application of silica (K₂SiO₃) @ 400 mg/L and PPFM showed relatively lower economic returns compared to 

kaolin and KCl treatments. In several stress conditions, these treatments recorded negative net returns due to 

comparatively lower yield realization and higher cultivation costs. Similarly, water spray and untreated control 

treatments recorded the lowest economic returns and B:C ratios, with values remaining below unity under most 

stress conditions, indicating poor economic feasibility. 

 

Overall, the economic analysis revealed that foliar application of kaolin @ 5% and KCl @ 0.3% effectively 

mitigated the adverse effects of moisture stress and improved productivity, resulting in higher profitability and 

better economic sustainability of rice cultivation. The consistently higher B:C ratio observed under these 

treatments suggests that foliar application could serve as a practical and economically feasible strategy for 

managing drought stress in rice cultivation. 

 

4. Conclusion 

 
Drought stress seriously affects productivity and in this study management of drought stress was found effective 

using foliar applicants. From this experiment it could be concluded that application of kaolin @ 5 % and KCl @ 

0.3 % fetched comparable yield as of stress-free crops. Yield obtained from stress management using foliar 

application was comparable with plants under irrigated condition. Hence, the present study has to be repeated in 

multilocation and multiseasonal trials to obtain conclusive results. Since this study trial had positive influenced 

on managing drought stress using foliar application. 
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