
~ 39 ~ 

International Journal of Research in Agronomy 2025; SP-8(11): 39-47 

 
E-ISSN: 2618-0618 
P-ISSN: 2618-060X 
© Agronomy 
NAAS Rating (2025): 5.20 
www.agronomyjournals.com  
2025; SP-8(11): 39-47 
Received: 05-09-2025  
Accepted: 08-10-2025 
 
Anu Gautam  
Lab Technician, Jawaharlal Nehru 
Krishi Vishwa Vidyalaya, Jabalpur 
Madhya Pradesh, India 
 
Rohit Kumar Mishra 
Consultant, Food & Agriculture 
Department, Bureau of Indian 
Standards, Raipur Branch Office, 
Chhattisgarh, India 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Corresponding Author: 
Rohit Kumar Mishra 
Consultant, Food & Agriculture 
Department, Bureau of Indian 
Standards, Raipur Branch Office, 
Chhattisgarh, India 

 
Sulphur nutrition in crops: Key to enhanced yield and 

stress tolerance - a review based on agronomic research 
 

Anu Gautam and Rohit Kumar Mishra  
 
DOI: https://www.doi.org/10.33545/2618060X.2025.v8.i11Sa.4167  
 
Abstract 
Sulphur (S) plays a crucial role in bolstering crop productivity and resilience against both biotic and abiotic 
stressors. It facilitates the synthesis of vital compounds like glutathione, glucosinolates, and phytoalexins, 
pivotal for fortifying plant defences against pathogens and environmental adversities. Scientific endeavors 
underscore S capacity to augment nutrient uptake, optimize photosynthetic efficacy, and bolster antioxidant 
mechanisms, thereby enhancing plant endurance to drought, salinity, and heavy metal toxicity. 
Additionally, S nanoparticles present a promising avenue for enhancing nutrient efficiency and minimizing 
ecological footprints in agriculture. Future prospects hinge on refining S application methodologies tailored 
to crop-specific requirements and environmental nuances. Integrating nutrient management practices with 
biotic stress mitigation strategies holds potential to amplify S efficacy in sustainable farming. Ongoing 
investigations into S interactions with plant genetics and soil microbiota are poised to deepen insights into 
its intricate roles and prospective benefits in agroecosystems. S emerges as a versatile ally in elevating crop 
yield, quality, and resilience amid evolving agricultural landscapes. Addressing future challenges mandates 
innovative strategies that harness S potential while mitigating environmental impacts, ensuring food 
security and sustainable agricultural practices in a dynamically changing world. 
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Introduction  
Sulphur (S) is a chemical element atomic number 16. In nature it occurs as the pure element or 
as sulphide and sulphate minerals (Seal 2006) [78]. In the past twenty years, S deficiency has been 
identified as a significant limitation to crop production globally (Mascagni et al., 2008) [56]. S is 
indispensable for plant growth and development, serving as a fundamental building block of 
macro-biomolecules and influencing diverse physiological processes (Zenda et al., 2021) [102]. S 
ranks as the thirteenth most abundant element, comprising approximately 0.06-0.10% of the 
earth crust. Its presence is quite common, with an upper crustal abundance of 621 parts per 
million. (Rudnick & Gao, 2003 [72]). It has been recognized since 1860 and is vital for plant 
growth (Always, 1940) [2]. Classified as a macronutrient, S is essential not only for plant vitality 
but also for improving soil quality, supporting microorganisms, and contributing to the health of 
both humans and animals. It is increasingly acknowledged as the fourth major plant nutrient, 
following nitrogen, phosphorus, and potassium. S is crucial for protein synthesis, chlorophyll 
production, and oil biosynthesis (Sutar et al., 2017) [92]. It plays a critical role in the production 
of vitamins and enzymes necessary for enhancing pulse production. S is also a constituent of 
essential amino acids such as cystine, cysteine, and methionine. (Zhao et al., 1997 [104]; 
Vidyalakshmi et al., 2009 [96]; Kopriva et al., 2019) [40]. S concentrations in plants vary widely, 
typically ranging from 0.05% to 0.90% (Goyal et al., 2021) [24]. S requirement for optimal 
growth varies between 0.1 and 0.5% on dry weight basis of plants and it increases in the order 
Gramineae < Leguminosae < Cruciferae (Sutar et al., 2017) [92]. 
Historically, S was used in medicine, wool bleaching, and lamp wicks. John White patented a 
sulphuric acid manufacturing process in 1749 (Kutney, 2023) [47]. S isn't just a nutrient in 
agriculture but has long been crucial in pest management. From 2500 BC, Sumerians used S 
against insects, influencing modern fungicides since Homer's time around 1000 BC. Methods in 
the Middle Ages included burning cuckoo feathers and Bordeaux mixture for vine pests. Lime S  
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was first used in the US in 1883, and Bordeaux mixture in 
France in 1885. By the late 19th century, sulphuric acid and 
copper sulphate were herbicides, with Bayer introducing DNOC 
as a contact pesticide in 1892 (Banaszkiewicz, 2010) [7].  
S application boosted yields in over 80% of oilseed rape and cut 
grass trials, and in 20-60% of cereal trials, with best results on 
sandy soils, diminishing with higher clay content (Pedersen et 
al., 1998) [66] These review paper aims to explore the optimal 
sources of S compounds in agriculture and their broader roles 
beyond specific crops, encompassing cereals, pulses, and oilseed

crops. 
 
Present Status of Sulphur 
In 2023, China led global S production with 19 million metric 
tons, followed by the U.S. with S is primarily processed into 
sulphuric acid, used in batteries, fertilizers. The global sulphuric 
acid market was 260 million metric tons in 2021, projected to 
exceed 300 million metric tons by 2028, with a market value 
over 12 billion U.S. dollars (Fig. 1). India S production reached 
3.5 million metric tons in 2023, a 4.7% increase from the 
previous year. (Anonymous 2024) [4]. 

 

 
 

Fig 1: The figure showcases the top S producers, with China at the forefront and Japan rounding out the list. The data underscores the pivotal role of 
these nations in meeting global S demand. 

 
Trends in Sulphur Deficiency and Soil Health 
In the early 1950s, S deficiency was observed only in specific 
soils, but it has now become a widespread issue. The amount of 
plant-available S in the soil has decreased by 34-86% between 
2000 and 2020, putting crop production at risk (Sharma et al., 
2024). A study of 242,827 surface soil samples from 615 
districts across 28 states in India found an average S content of 
27.0±29.9 mg/kg. S deficiency was present in 58.6% of the soils. 
Additionally, there were two-nutrient deficiencies: S and zinc 
(9.3%), S and boron (7.0%), and S and iron (3.3%) (Shukla et 
al., 2021) [82]. 
 
Role of Sulphur in Cultivated Crops 
S is one of the essential nutrients that is required for the 
adequate growth and development of plants. S is a structural 
component of protein disulfide bonds, amino acids, vitamins, 

and cofactors. Most of the S in soil is present in organic matter 
and hence not accessible to the plants (Narayan et al., 2023) [62]. 
Green plants that are deficient in S exhibit a yellow coloration. S 
plays a crucial role in photosynthesis, amino acid synthesis, and 
is an essential component of vitamins such as biotin, lipoic acid, 
and thiamine, as well as various coenzymes (Imsande., 1998) [31]. 
In plants, S plays a crucial role in protein synthesis and works 
synergistically with nitrogen (N). The availability of S and N in 
plants is closely interconnected, influencing each other's 
metabolism. S requirement and metabolic processes are tied to N 
nutrition, just as N metabolism is significantly impacted by the 
plant's S status (Fig. 2). Similar to how carbon assimilation is 
linked to nitrate assimilation, S and N pathways are also 
interconnected, with the abundance of one element affecting the 
other (Jamal et al., 2010; Anjum et al., 2012) [34, 3]. 
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Fig 2: Comprehensive Flowchart Illustrating the Specific Benefits of S Nutrition in Cereals, Oilseed Crops, Pulses, and Fodder Crops 
 

Cereal Crops 
S plays a crucial role in ensuring optimal crop growth and 
maintaining S-containing amino acids in grains. Wheat's 
reproductive growth is highly sensitive to S deficiency, 
impacting grain size (Zhao et al., 1999) [103]. Kulczycki et al. 
(2022) [43] demonstrated that S application enhances wheat yield 
under moderate water stress while sustaining nutrient levels in 
both wheat and maize. Haneklaus et al. underscored the 
importance of timely S application to prevent yield losses in 
rice. In rice, varying S levels influenced traits such as plant 
height, panicle length, and grain filling (Islam et al., 2016) [32]. 
Singh et al. (2012) [83] highlighted the significant impact of S on 
rice plant height and yield, showing optimal results at 30 kg S/ha 
combined with zinc. Singh et al. (2019) [90] reported that a 
combination of 150 kg N and 60 kg S per hectare maximized all 
growth parameters and yield attributes in rice under field 

conditions in Moradabad. Sutar et al. (2017) [92] observed 
improved maize growth, yield, and protein content with up to 45 
kg S/ha application, noting increased S uptake depending on soil 
conditions. Sahrawat et al. (2008) [73] found that S application 
enhances S content in sorghum grain and straw, potentially 
improving nutrient balance and crop quality under rainfed 
conditions. Hlisnikovský et al. (2019) [29] demonstrated that S 
application in barley boosts grain yield and protein content, 
essential for mitigating nutrient deficiencies during periods of 
high temperature and drought. Previous agronomic research on 
cereal crops such as rice, wheat, maize, barley, and sorghum 
consistently show that the optimal application rate ranges from 
20 to 60 kg/ha. This enhances yield and nutrient uptake, 
improving grain size and protein content, thereby enhancing 
crop quality across diverse soil and environmental conditions 
(Table1). 

 
Table 1: Role of Sulphur in Cereal Crop Yield Enhancement and Recommended Application Rates. 

 

S.NO. Cereal Crop Recommended S application rate (kg/ha.) Yield Increase (%) Reference 
1.  Wheat 20 15-20 McGrath et al., 1996 [58] 
2.  Maize 30 10-15 Blair et al., 2002 [11] 
3.  Rice 25 8-12 Singh et al., 2001 [86] 
4.  Barley 20 12-18 Zhao et al., 1999 [103] 
5.  Sorghum 25 10-14 Yadav et al., 2010 [98] 

 
Legume Crops 
S is crucial for legume growth, nodulation, and nitrogen 
fixation, significantly enhancing yield and nutritional quality 
(Chaudhary et al., 2022) [16]. In chickpea, S application up to 40 
kg/ha results in linear increases in growth, yield attributes, seed 
yield (1665 kg/ha), and stalk yield (2665 kg/ha) (Nawange et al., 
2011) [63]. Applying 20 kg/ha S in chickpea improves growth, 
nodulation, and yields of grain and straw (Singh et al., 2018) [88]. 
Optimum S levels, combined with biofertilizers, enhance crop 
performance in growth and yield. S application at 40 kg/ha in 
chickpea significantly boosts growth parameters, increases pod 
and branch numbers, improves seed weight, and enhances grain 
yield (Makol et al., 2020) [51]. In lentils, S is vital for growth, 
influencing plant height, nodulation, dry weight, pod and seed 
numbers, test weight, and yields of seed and stover. Applying 30 
kg/ha S maximizes yield and economic returns in lentil 

cultivation (Aparna and Dawson, 2022) [5]. S enhances soybean 
growth by increasing plant height, seed yield, 1000-seed weight, 
and straw yield. Application at 20 kg/ha optimizes growth and 
boosts protein and oil contents, crucial for soybean productivity 
and quality (Farhad et al., 2010) [21]. S is essential for soybean 
nitrogen metabolism, significantly increasing yield and seed 
quality. Studies show that applying 40 kg S/ha can increase 
soybean yields by up to 15% (Głowacka et al., 2023) [23]. In 
lentils, S supports root growth, nodulation, and yield, essential 
for nutrient uptake and protein synthesis, ensuring robust crop 
development and improved quality.  
During the Kharif season of 2012-2013, applying 40 kg S/ha to 
green gram significantly improved growth parameters, resulting 
in an 18.9% higher grain yield (1.07 t/ha) and a 22.1% increase 
in straw yield compared to the control, along with increased 
nutrient uptake (Singh, 2017) [85]. During the Rabi season of 
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2019-2020, applying 30 kg S/ha to green gram significantly 
enhanced growth attributes and yield parameters, resulting in 
superior seed yield (979.2 kg/ha) and stover yield (1871.8 kg/ha) 
compared to lower S levels (Sahu et al., 2021) [74]. In a 2015 
study at Adhiparasakthi Agricultural College, applying 30 kg 
S/ha to green gram, along with the recommended fertilizer dose, 
significantly improved growth and yield, leading to a 49.32% 
increase in grain yield (750 kg/ha) and higher net returns 
(Arunraj et al., 2018) [6]. In a field experiment, applying S at 15 
and 30 kg/ha improved soil health and green gram yield. S 

positively impacted organic carbon, available nitrogen, 
phosphorus, potassium, pore space, and S content in the soil, 
enhancing overall crop performance (Kudi et al., 2018) [42]. 
Previous agronomic research on legume crops such as Chickpea, 
Lentil, Soybean, Pigeon pea and green gram consistently show 
that the optimal application rate ranges from 20 to 30 kg/ha.  
This enhances yield and nutrient uptake, improving biological 
nitrogen fixation and protein content, thereby enhancing crop 
quality across diverse soil and environmental conditions (Table 
2). 

 
Table 2: Role of Sulphur in Legume Crop Yield Enhancement and Recommended Application Rates 

 

S.NO. Legume Crops Recommended S application rate (kg/ha.) Yield Increase (%) Reference 
1.  Chickpea 20 15-20 Singh et al., 2012 [89] 
2.  Lentil 25 12-18 Ali et al., 2007 [1] 
3.  Soybean 30 10-15 Sawan et al., 2008 [77] 
4.  Pigeon pea 20 14-19 Deshmukh et al., 2005 [17] 
5.  Green gram 25 10-14 Sharma et al., 2004 [59] 

 
Oilseed Crops 
In a study conducted during the rabi season of 2019-20 in 
Ambikapur (C.G.), application of 40 kg S/ha significantly 
enhanced growth parameters and yield attributes of Indian 
mustard, with the highest seed yield (1827.16 kg/ha) and oil 
yield observed at 40 kg S/ha combined with 120 kg N/ha 
(Mishra et al., 2021) [61]. Piri et al. (2011) [68] from Iran reported 
that applying S at 45 kg/ha markedly increased the leaf area 
index (LAI) of mustard at 45 and 90 days after sowing (DAS), 
which was comparable to S application at 30 kg/ha. Ray et al. 
(2014) [71] from West Bengal found that applying 60 kg S/ha 
significantly increased plant height and dry matter accumulation 
in Indian mustard at 75 DAS and harvest, as well as the LAI at 
40 DAS, which was similar to the effect of 45 kg S/ha. They 
also noted that applying 45 kg S/ha improved yield attributes 
such as siliquae per plant, siliqua length, seeds per siliqua, and 
seed yield per plant.  
Begum et al. (2012) [9] conducted a field experiment at Gazipur 
on Indian mustard (BARI Sarisha-15) and found that applying 
60 kg S/ha optimally increased growth parameters (plant height, 
leaf area, dry matter, LAI, crop growth rate, net assimilation 
rate, and relative growth rate) and protein content, resulting in 
seed yields of 1990 and 1896 kg/ha, which were significantly 
higher than the control and comparable to 80 kg S/ha. They 
reported the highest plant height (103.4 cm and 99.9 cm), crop 
growth rate (20.34 and 22.24), and net assimilation rate (15.40 
and 17.40) at 38-48 DAE with the application of 60 kg S/ha over 
two years. Kumar and Kumar (2008) [44] observed that different 
doses of S affected various developmental characteristics of 
mustard, noting that 50% flowering and 50% podding occurred 
significantly earlier in plots fertilized with S at 25 kg/ha 
compared to the control.  
Rakesh and Banik (2016) [69] from West Bengal concluded that 
yield parameters such as siliqua per plant, seeds per siliqua, 
siliqua length, and 1000 seed weight were maximized with the 
application of 25 kg S/ha as SSP, which was comparable to 30 
kg S/ha as Bentonite-S. Yadav et al. (2010) [99] from Allahabad 
reported that the seed yield at S level of S was 16.83 q/ha 
compared to 18.33, 19.33, and 18.87 q/ha at S20, S40, and S60 
levels of S in Indian mustard, respectively. Singh et al. (2012) 

[87] from Agra concluded that 60 kg/ha S provided significantly 
higher total biological yield, grain and straw yield, and harvest 
index compared to 0, 20, and 40 kg/ha S. Banerjee et al. (2015) 

[8] conducted an experiment in West Bengal and reported that 
applying 60 kg S/ha to Indian mustard significantly increased 

seed and stover yield by 17.95% and 18.18%, respectively, over 
zero S. Field experiments in 2010-11 and 2011-12 at 
Agricultural Research Station, Seethampeta, AP, demonstrated 
that sulphur application significantly enhanced growth, yield, 
and oil content in groundnuts. Applying 45 kg/ha of gypsum 
resulted in the highest plant height, pod yield, and oil content, 
increasing pod yield by over 50% and oil content by 7.5%-8.8% 
compared to the control (Rao et al., 2013) [70].  
A 2020 Kharif experiment at KVK showed that applying 40 
kg/ha of sulphur to the Kadiri 6 groundnut variety significantly 
increased growth, plant height, nodules, dry weight, pods, 
kernels, seed yield, haulm yield, and economic returns. Optimal 
sulphur doses (40 kg/ha) enhance crop development, oil content, 
and yield by boosting pods per plant (Dileep et al., 2021) [18]. A 
2013-14 study revealed that nano-sulphur @ 30 kg/ha 
significantly outperformed conventional sulphur @ 40 kg/ha in 
groundnut. Nano-sulphur led to higher sulphur uptake in roots, 
shoots, kernels, and shells, with the highest pod yield (12.4 
g/plant). It also improved oil, crude protein, methionine, 
cysteine, and amino acid content. The study concluded that 
nano-sulphur enhances sulphur use efficiency and soil reserves, 
reducing fertilizer use by 25% without environmental harm 
(Thirunavukkarasu et al., 2018) [94]. A study at BAU, 
Mymensingh, found that applying 60 kg/ha of sulphur to the 
BARI Cheenabadam-8 groundnut variety significantly improved 
growth and yield parameters, including leaf area, dry matter, 
branches, pegs, pods, pod yield, and seed yield, suggesting this 
combination for optimal groundnut yield (Sarkar et al., 2019) 

[76]. 
A field study demonstrated that applying 20 kg/ha of sulphur 
significantly increased sunflower growth parameters and yield. 
The highest values were observed for plant height (161.80 cm), 
stem girth (4.80 cm), flower head diameter (15.40 cm), achene 
number per head (787), 1000 achene weight (50.29 g), grain 
yield per hectare (650.33 kg), oil content (42.20%), achene yield 
per plant (39.57 g), and sulphur content in plant straw (0.225%). 
This indicates the positive role of 20 kg/ha sulphur in enhancing 
sunflower growth stages and yield attributes (Saleem et al., 
2019) [75]. Multiple studies confirm S essentiality for oilseed 
crops (mustard, groundnut, sunflower, soybean, rapeseed) by 
promoting oil synthesis and increasing oil content (Table. 3). Its 
benefits extend beyond oil, enhancing leaf area, dry matter 
production, branching, peg formation, pod development, and 
overall seed yield. 
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Table 3: Role of Sulphur in Oilseed Crop Oil Enhancement and Recommended Application Rates. 
 

S.NO. Oilseed Crops Recommended S application rate (kg/ha.) Oil Increase (%) Reference 
1.  Mustard 40 14-22 Meena et al., 2007 [59] 
2.  Groundnut 20 10-15 Bhuiyan et al., 1998 [10] 
3.  Sunflower 30 8-12 Chaterjee et al., 2010 [14] 
4.  Soybean 20 6-10 Jolley et al., 1996 [35] 
5.  Rapeseed 40 15-25 Zhao et al., 1993 [105] 

 
Fodder Crops 
S plays a crucial role in enhancing both the yield and quality of 
fodder crops through diverse physiological processes. Research 
indicates that appropriate S application positively influences 
fodder crop production by enhancing nutrient uptake, protein 
synthesis, and stress tolerance mechanisms. In fodder sorghum, 
for example, soil application of 20 kg S/ha increased green and 
dry fodder yields, along with improving quality parameters such 
as crude protein content (Chaudhary et al., 2018) [15]. Studies 
consistently demonstrate that S fertilization significantly boosts 
the yield of fodder crops. Sharma et al. (2018) [80] observed a 
15% enhancement in biomass and yield of sorghum following S 
application compared to the control. Similarly, Singh et al. 
(2016) [91] reported a 20% increase in the dry matter yield of 
berseem (Trifolium alexandrinum) with S supplementation. This 
increase in yield can be attributed to S role in stimulating 
photosynthesis, thereby enhancing biomass accumulation and 
crop productivity (Malhi et al., 2014) [52]. 
Furthermore, S enhances the quality attributes of fodder crops, 

including protein content and digestibility. Kumar et al. (2019) 

[45] demonstrated that S -enriched fodder exhibited higher crude 
protein levels and improved digestibility, thereby enhancing its 
nutritional value for livestock. Additionally, S involvement in 
chlorophyll synthesis enhances the green fodder's colour and 
palatability, thereby influencing livestock feed intake and 
nutrient utilization (Kumar et al., 2017) [46]. 
Moreover, S role in activating enzymes and facilitating nutrient 
uptake, particularly nitrogen and phosphorus, contributes 
significantly to overall plant health and vigour (Singh and 
Aggarwal, 2015) [84]. This, in turn, leads to improved crop 
quality parameters such as fiber content and mineral 
composition, which are crucial for animal nutrition (Hussain et 
al., 2020) [30]. In conclusion, S application in fodder crop 
management not only enhances yield by promoting biomass 
production but also improves nutritional quality, underscoring 
its critical importance in sustainable livestock feeding systems 
(Table. 4). 

 
Table 4: Role of Sulphur in Fodder Crops 

 

S.NO. Benefit Details References 

1.  Protein Synthesis S is crucial for the synthesis of cysteine and methionine, essential amino acids in 
proteins. McDowell, L.R. (2003) [57] 

2.  Vitamin 
Synthesis 

Contributes to the synthesis of biotin and thiamine, important vitamins for livestock 
health. 

NRC (National Research Council), 
2001 [65] 

3.  Detoxification Aids in detoxifying harmful substances in the liver, promoting overall health. Miller, W.J., & Davis, C.L. (1992) [60] 
4.  Joint Health Supports the synthesis of collagen and cartilage, crucial for joint health in livestock. McDowell, L.R. (2003) [57] 

 
Protection against Abiotic Stress 
S dioxide (SO2) pretreatment has been shown to significantly 
enhance drought tolerance in wheat by increasing survival rates, 
maintaining relative water content, and bolstering antioxidant 
enzyme activities. This treatment effectively reduces oxidative 
damage and regulates proline accumulation and H2S signaling 
under drought stress conditions (Li et al., 2021) [48]. Moreover, S 
fertilizers, particularly K2SO4 (17 % S), have been 
demonstrated to improve maize's drought resilience by 
enhancing biomass production, optimizing nutrient uptake, 
promoting efficient gas exchange, and boosting antioxidant 
enzyme activity.  
These enhancements ultimately lead to increased yield even 
under water-deficient conditions (Usmani et al., 2020) [95]. 
Additionally, studies have highlighted SO2's role in enhancing 
foxtail millet's ability to withstand drought stress by reducing 
stomatal aperture, increasing proline accumulation, and 
fortifying antioxidant defences against oxidative damage (Han et 
al., 2019) [25]. Furthermore, in Arabidopsis, SO2 

supplementation has been found to bolster drought tolerance 
mechanisms through improvements in photosynthesis, 
antioxidant defence systems, S assimilation, and osmotic 
adjustments (Li et al., 2022) [49]. S's contribution to enhancing 
plant salinity tolerance is notable as well, maintaining nutrient 
balance and supporting essential S-containing compounds 
crucial for stress adaptation in crops such as rice and wheat 
(Nazar et al., 2011 [64]; Jahan et al., 2021) [33]. Moreover, S 
facilitates plant tolerance to heavy metals by enhancing 
hydrogen sulphide (H2S) signaling, thereby mitigating stress 
effects (Luo et al., 2020) [50].  
Additionally, S nanoparticles (SNPs) have been found to 
alleviate mercury toxicity in Brassica napus by reducing 
mercury accumulation, oxidative stress, and enhancing nutrient 
uptake, biomass, and antioxidant defences (Yuan et al., 2021) 

[100]. Overall, S's multifaceted roles in enhancing plant resilience 
to various stresses underscore its importance in sustainable 
agricultural practices (Table. 5).
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Table 5: Role of Sulphur in Enhancing Tolerance to Different Abiotic Stresses 
 

S.NO. Abiotic Stress 
Factor Role of S References 

1.  Osmotic Stress Maintains cell turgor pressure by osmotic regulation. Hawkesford, M.J. (2012) [28] 

2.  Oxidative Stress Acts as a component of antioxidant enzymes to scavenge reactive oxygen species. Kopriva, S., & Rennenberg, H. 
(2004) [39] 

3.  Salinity Stress Enhances synthesis of compatible solutes and antioxidants, reducing ion toxicity. Khan, M.I.R. et al. (2016) [37] 

4.  Heat Stress Supports heat shock proteins and protects protein integrity under high 
temperatures. Malik, A.I. et al. (2017) [53] 

 
Protection against Biotic Stress 
S plays a critical role in enhancing plant disease resistance 
through the synthesis of essential compounds such as 
glutathione, glucosinolates, and phytoalexins. These compounds 
are pivotal in plants' defence mechanisms against various 
pathogens. Studies have shown that S fertilization increases the 
production of these defence compounds, thereby reducing 
susceptibility to diseases in crops like oilseed rape and tomato 

(Marazzi, 2003 [54]; Marazzi et al., 2004 [55]; Bloem et al., 2005 

[13]; Dubuis et al., 2005 [19]; Haneklaus et al., 2006 [27]; Kruse et 
al., 2007 [41]; Zappalà et al., 2012 [101]; Pérez-Guerrero and 
Molina, 2016) [67]. This enhancement in disease resistance 
highlights S's role in improving plant health and resilience under 
different environmental conditions, contributing significantly to 
sustainable agricultural practices (Table. 6). 

 
Table 6: Role of Sulphur in Enhancing Tolerance to Different Biotic Stresses 

 

S.NO. Biotic Stress Factor Role of S Reference 

1.  Powdery Mildew 
Disease 

Acts as a fungicide by altering the pH on plant surfaces, preventing fungal spore 
germination. Elmer, W.H. (2013) [20] 

2.  Pathogen Attack Enhances synthesis of glucosinolates and phytoalexins, boosting plant resistance. Francisco, M.A. et al. (2016) [22] 

3.  Insect Herbivory Strengthens cell walls and induces chemical defences against herbivores. Wittstock, U., & Burow, M. 
(2010) [97] 

4.  Indirect Défense Supports production of volatile organic compounds that attract natural enemies of 
pests. Khaling, E. et al. (2015) [36] 

5.  Antimicrobial Activity Exhibits direct antimicrobial effects against pathogens. Bloem, E., & Haneklaus, S. (2016) 

[12] 
 

Conclusion 
Based on the comprehensive review of S role in crop production and 
stress tolerance, S emerges as a pivotal element in enhancing both yield 
and quality across various crop types. S application significantly 
improves crop growth and development by promoting the synthesis of 
crucial compounds like cysteine, glutathione, glucosinolates, and 
phytoalexins. These compounds not only bolster plant defence 
mechanisms against pathogens but also contribute to stress tolerance 
against abiotic factors such as drought, salinity, and heavy metal 
toxicity. In addition to its direct effects on biochemical pathways and 
nutrient uptake, S's role in enhancing antioxidant defences and osmotic 
regulation underscores its importance in mitigating oxidative stress and 
maintaining cell turgor under adverse environmental conditions. 
Moreover, S nanoparticles show promise in reducing heavy metal 
toxicity and enhancing nutrient use efficiency, paving the way for 
sustainable agricultural practices. 
Future research should focus on optimizing S application strategies 
tailored to specific crop requirements and environmental conditions. 
Integrating S management with other nutrient regimes and biotic stress 
management strategies can further enhance crop resilience and 
productivity. Continued exploration of S's interactions with plant 
genetics and its effects on soil microbiota will provide deeper insights 
into its multifaceted roles in sustainable agriculture. 
In conclusion, S diverse impacts on crop physiology, stress tolerance, 
and disease resistance highlight its critical role in ensuring food security 
and sustainable agricultural practices in the face of changing climatic 
conditions and environmental challenges. 
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