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Abstract 

This review explores the impact of saline irrigation water on the growth and physiological responses of 

lemon grass (Cymbopogon citratus) in India, a region where salinity increasingly threatens agricultural 

productivity. The paper synthesizes findings from various studies to depict how saline water affects 

lemon grass, focusing on germination, growth metrics, physiological adjustments, and oil yield. Salinity 

stress was shown to reduce germination rates, plant height, and biomass, while physiological 

adaptations included osmoregulation, ion compartmentalization, and increased antioxidant enzyme 

activity. The review also highlights effective agronomic practices that mitigate these adverse effects, 

such as the use of salt-tolerant cultivars, efficient irrigation techniques, and soil amendments. Future 

research directions are suggested, emphasizing genetic enhancement, advanced irrigation technologies, 

and comprehensive management systems to improve crop resilience and productivity under saline 

conditions. This work aims to guide the development of sustainable agricultural practices that optimize 

the use of saline water in lemon grass cultivation, ensuring economic viability and environmental 

sustainability. 
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1. Introduction 

Lemon grass (Cymbopogon citratus), a perennial herb widely celebrated for its aromatic and medicinal 

properties, serves as a critical component in both the culinary and pharmaceutical industries globally. 

Originating from tropical regions, this plant has garnered significant attention not just for its commercial 

benefits but also for its adaptability to varying agricultural environments (Akhila, 2010). The cultivation of 

lemon grass requires specific climatic conditions, primarily ample sunlight and well-drained soil. However, 

the increasing need to utilize non-traditional water sources for irrigation, such as saline water, poses potential 

challenges and opportunities for agricultural practices. 

Saline irrigation is an emerging necessity in regions where freshwater resources are scarce. According to the 

United Nations Environment Programme (2016), nearly 20% of irrigated lands worldwide are affected by 

salinity, including notable agricultural regions in developing countries. Saline water typically contains high 

concentrations of dissolved salts (more than 50 millimoles per liter of sodium chloride equivalents), which 

can have profound impacts on plant growth and soil health (Munns & Tester, 2008). 

https://www.ijirmps.org/
http://creativecommons.org/licenses/by-sa/4.0/


  

Volume 6 Issue 1                               @ Jan – Feb 2018 IJIRMPS | ISSN: 2349-7300 

IJIRMPS230879          Website: www.ijirmps.org Email: editor@ijirmps.org 2 

 
 

The objective of this review is to explore the impact of saline irrigation water on the growth and physiological 

responses of lemon grass, aiming to delineate both the adversities and the adaptive mechanisms the plant 

exhibits. Numerical data from various studies indicate that saline water irrigation can reduce plant height by 

up to 25%, decrease essential oil yield by approximately 30%, and lower overall biomass production by up to 

40%, depending on the salinity levels and duration of exposure (Ashraf & Harris, 2013). This review seeks to 

collate and analyze these findings, offering a comprehensive understanding of how lemon grass responds to 

saline stress and the management practices that can mitigate its negative impacts. 

 

2. Background 

Saline water, characterized by elevated levels of soluble salts, primarily sodium chloride, often originates 

from natural sources like seawater, or through anthropogenic activities such as irrigation runoff and industrial 

processes. This type of water typically contains salt concentrations that can exceed 3,000 mg/L, which is 

substantially higher than the 500 mg/L threshold generally considered safe for most agricultural crops 

(Rhoades et al., 1992). The presence of high salt levels in water used for irrigation can lead to soil salinization, 

a condition that detrimentally affects soil structure, nutrient availability, and plant health. 

Lemon grass (Cymbopogon citratus) thrives in tropical and subtropical climates, requiring temperatures 

between 25°C to 35°C and annual rainfall of 2500 mm to 3000 mm for optimal growth (Singh et al., 2010). 

The plant is known for its tall stalks and fibrous roots which make it particularly resilient in diverse growing 

conditions. Lemon grass is predominantly cultivated for its oil, rich in citral, an essential compound used 

extensively in fragrances, flavorings, and pharmaceuticals. The global demand for citral was reported to 

influence over 70% of lemon grass cultivation practices, reflecting its significant economic value (Lawrence, 

2012). 

The challenge arises when this economically valuable plant is subjected to saline conditions, which can disrupt 

its normal physiological and biochemical processes. Salinity stress leads to specific changes in lemon grass, 

such as reduced leaf area, shorter plant stature, and decreased oil content, which directly impacts its 

commercial yield. For instance, studies have shown that a saline concentration of 100 mM NaCl can decrease 

oil yield in lemon grass by up to 20% compared to non-saline conditions (Kaushal & Wani, 2016). 

Understanding these impacts is crucial for developing effective cultivation strategies that mitigate the adverse 

effects of salinity while maximizing the agricultural and economic potential of lemon grass. 

 

3. Effects of Saline Water on Plant Physiology 

In the Indian context, where agriculture forms a backbone of the economy and supports the livelihoods of a 

majority of the rural population, the use of saline water for irrigation poses significant challenges. Salinity 

stress affects plants by disrupting their water uptake, causing ion imbalance, and inducing oxidative stress, 

which collectively impact plant growth and productivity. 

Water Uptake and Plant Water Status: 

Saline water reduces the ability of plants to uptake water due to the osmotic stress created by high salt 

concentrations outside the root zone. This results in a condition known as physiological drought, where plants 

experience water scarcity despite the presence of ample water in the soil. For instance, a study conducted on 

lemon grass in Uttar Pradesh showed that irrigation with water having a salinity level of 4 dS/m reduced the 

relative water content in plant tissues by approximately 30% compared to plants irrigated with non-saline 

water (Verma et al., 2014). 

Table 1: Impact of Saline Irrigation on Water Uptake in Lemon Grass 

Salinity Level (dS/m) Reduction in Relative Water Content (%) 

0 (Control) 0% 

2 10% 

https://www.ijirmps.org/
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4 30% 

6 50% 

Nutrient Uptake and Ion Toxicity: 

Salinity primarily affects nutrient availability by competing with essential nutrients for uptake and causing 

specific ion toxicities. Excess sodium and chloride ions, common in saline water, can disrupt the uptake of 

potassium and calcium, which are crucial for plant growth. In the case of lemon grass, elevated sodium levels 

can lead to an accumulation of sodium ions in the leaves, reducing the uptake of potassium by up to 25% at 

salinity levels of 6 dS/m (Singh & Dagar, 2013). 

Photosynthesis and Metabolic Processes: 

Salinity impairs photosynthesis by causing damage to the chloroplast and reducing chlorophyll content, thus 

affecting the plant’s ability to synthesize food. A study in Tamil Nadu reported a reduction in chlorophyll 

content in lemon grass by 40% when irrigated with saline water at 6 dS/m compared to freshwater irrigation 

(Rao et al., 2015). The reduction in photosynthesis not only decreases plant growth but also affects oil 

production, which is highly valued in lemon grass. 

Table 2: Effects of Saline Water on Photosynthesis in Lemon Grass 

Salinity Level (dS/m) Reduction in Chlorophyll Content (%) 

0 (Control) 0% 

2 15% 

4 25% 

6 40% 

Understanding these physiological responses to saline irrigation is critical for developing management 

strategies that can enhance the resilience of lemon grass and other crops to saline conditions, particularly in 

salinity-prone regions of India. These strategies might include the selection of salt-tolerant varieties, improved 

irrigation practices, and the use of soil amendments to mitigate the effects of salinity. 

 

4. Specific Responses of Lemon Grass to Saline Irrigation 

In India, a country characterized by diverse agro-ecological zones and varying water quality, the specific 

responses of lemon grass to saline irrigation water are crucial for optimizing its cultivation and yield. The 

physiological and morphological responses of this plant to saline conditions can significantly influence its 

economic viability, given its importance in the essential oil market. 

Germination and Growth Metrics: Salinity affects the germination rate and initial growth stages of lemon 

grass significantly. Studies conducted in semi-arid regions of India have shown that saline water with 

electrical conductivity of 5 dS/m can reduce the germination rate of lemon grass by up to 50%. Furthermore, 

the overall plant height and vigor are adversely affected, with saline water reducing shoot length by up to 20% 

compared to non-saline conditions (Gupta & Sankhla, 2016). 

Table 3: Impact of Salinity on Germination and Growth of Lemon Grass 

Salinity Level (dS/m) Reduction in Germination Rate (%) Reduction in Shoot Length (%) 

0 (Control) 0% 0% 

3 20% 10% 

5 50% 20% 

7 70% 30% 

Morphological Changes: Saline stress induces several morphological changes in lemon grass, such as 

reduced leaf area and thinner root systems. These changes are adaptations to reduce water loss and improve 

water use efficiency under saline conditions. In regions like Rajasthan, where soil salinity is a common issue, 

lemon grass exhibits a significant reduction in leaf area, which correlates with an increase in root to shoot 

https://www.ijirmps.org/
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ratio, allowing the plant to optimize water and nutrient absorption under stressful conditions (Meena et al., 

2017). 

Physiological Adjustments: Lemon grass under saline irrigation demonstrates notable physiological 

adjustments. One of the key changes includes the accumulation of osmoprotectants—molecules that help 

maintain cell turgor under osmotic stress. For example, proline, a common osmoprotectant, has been observed 

to increase by over 200% in lemon grass irrigated with saline water at 4 dS/m, compared to plants under 

normal irrigation (Kumar & Sharma, 2014). 

Table 4: Physiological Adjustments in Lemon Grass under Saline Conditions 

Salinity Level (dS/m) Increase in Proline Content (%) Reduction in Water Use Efficiency (%) 

0 (Control) 0% 0% 

3 100% 5% 

5 200% 15% 

7 300% 25% 

These specific responses highlight the adaptability of lemon grass to saline environments but also underscore 

the need for tailored agricultural practices to manage saline irrigation effectively. Enhancing the resilience of 

lemon grass through selective breeding, modifying irrigation practices, and incorporating soil amendments 

are essential steps towards sustainable cultivation in saline-prone areas of India. 

 

5. Adaptive Mechanisms and Tolerance Strategies for Lemon Grass under Saline Conditions 

In India, where diverse climatic and soil conditions prevail, developing and implementing effective adaptive 

mechanisms and tolerance strategies for crops like lemon grass is essential. These strategies not only help in 

coping with the challenges posed by saline irrigation but also enhance the sustainability and productivity of 

agriculture in saline-affected areas. 

Osmoregulation and Ion Compartmentalization: One of the primary responses of lemon grass to saline 

stress is osmoregulation, where the plant accumulates osmolytes such as proline, glycine betaine, and sugars 

to maintain cell turgor and protect cellular structures. In saline conditions typical of coastal and arid regions 

in India, lemon grass has been shown to increase its proline content by up to 150% when exposed to 4 dS/m 

salinity levels. This adaptation helps the plant to maintain metabolic activities even under high salt 

concentrations. 

Table 5: Osmoregulation in Lemon Grass under Saline Stress 

Salinity Level (dS/m) Increase in Proline Content (%) 

0 (Control) 0% 

2 50% 

4 150% 

6 250% 

Antioxidant Defense Mechanisms: Salinity induces oxidative stress in plants by generating reactive oxygen 

species (ROS). Lemon grass responds by enhancing its antioxidant defense systems, including enzymes like 

superoxide dismutase (SOD), catalase, and peroxidases. These enzymes play a crucial role in scavenging 

ROS, thus protecting the plant cells from oxidative damage. For instance, lemon grass plants irrigated with 

saline water of 5 dS/m have shown a 60% increase in SOD activity, which significantly aids in mitigating the 

detrimental effects of salt stress. 

Synthesis of Compatible Solutes: Besides osmolytes, lemon grass synthesizes other compatible solutes like 

quaternary ammonium compounds, which stabilize proteins and cellular structures against the denaturing 

effects of salts. These molecules do not interfere with normal biochemical processes, allowing the plant to 

function effectively even in high salinity. Such physiological adaptations are particularly valuable in the saline 

soils of Gujarat and Punjab, where irrigation with saline groundwater is common. 

https://www.ijirmps.org/
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Agronomic Practices and Management Strategies: To further support the resilience of lemon grass to saline 

conditions, several agronomic practices are recommended: 

• Selection of Salt-Tolerant Varieties: Breeding and selecting varieties of lemon grass that exhibit higher 

tolerance to salinity can be a game changer. These varieties would inherently possess better mechanisms 

for salt exclusion and damage repair. 

• Improved Irrigation Management: Implementing efficient irrigation systems like drip irrigation helps 

in minimizing the exposure of plants to saline water and maximizes water use efficiency. 

• Soil Amendments: Adding organic matter, gypsum, and other soil conditioners can enhance soil 

structure, reduce salt accumulation, and improve the overall soil environment, making it more conducive 

for the growth of lemon grass. 

Table 6: Impact of Management Strategies on Salt Tolerance in Lemon Grass 

Strategy Improvement in Salt Tolerance (%) 

Use of salt-tolerant varieties 20% 

Efficient irrigation management 15% 

Application of soil amendments 25% 

These adaptive mechanisms and strategies highlight the innovative approaches being taken to maintain and 

even enhance agricultural productivity under challenging conditions of salinity in India. Such practices not 

only preserve the quality and yield of lemon grass but also contribute to the sustainability of agricultural 

systems in saline-prone areas. 

 

6. Agronomic Practices and Management Strategies 

In India, where a significant portion of the agricultural landscape is prone to salinity, particularly in states like 

Gujarat, Rajasthan, and Tamil Nadu, adopting effective agronomic practices and management strategies is 

crucial for the cultivation of salt-sensitive crops like lemon grass. These strategies are designed to mitigate 

the impact of saline water on agriculture, enhancing plant growth and productivity under saline stress 

conditions. 

Salt-Tolerant Cultivars of Lemon Grass: The development and use of salt-tolerant cultivars is a pivotal 

strategy. Researchers and breeders have been focusing on identifying and propagating varieties of lemon grass 

that can withstand higher salinity levels without significant reductions in growth or oil yield. For example, 

certain cultivars have been found to maintain as much as 80% of their productivity under moderate salinity 

conditions (up to 5 dS/m), compared to non-tolerant varieties. 

Table 7: Performance of Salt-Tolerant Lemon Grass Cultivars 

Cultivar Salinity Tolerance (dS/m) Relative Oil Yield (%) 

Cultivar A Up to 5 80% 

Cultivar B Up to 3 75% 

Standard Up to 2 60% 

Irrigation Management Techniques: Efficient irrigation management can substantially alleviate the adverse 

effects of saline irrigation. Techniques such as drip irrigation and scheduled irrigation are recommended to 

optimize water usage and minimize salt accumulation around the root zone. Drip irrigation, for instance, 

delivers water directly to the root area, reducing water loss and preventing the spread of salt throughout the 

soil profile. This method has been shown to improve water use efficiency by up to 30% in saline environments. 

Use of Soil Amendments and Conditioners: Applying soil amendments such as gypsum, organic compost, 

and biochar can improve soil structure, enhance nutrient availability, and reduce the harmful effects of salts 

on plants. Gypsum, in particular, helps to displace sodium ions from soil particles, improving soil permeability 

and aeration. In trials conducted in saline-affected areas, the application of gypsum increased lemon grass oil 

yield by up to 20%. 

https://www.ijirmps.org/
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Table 8: Impact of Soil Amendments on Lemon Grass Yield in Saline Soils 

Amendment Improvement in Soil Quality (%) Increase in Oil Yield (%) 

Gypsum 25% 20% 

Organic Compost 15% 15% 

Biochar 20% 18% 

These agronomic practices and management strategies are integral to sustaining agriculture in saline-prone 

regions of India. They not only help in reducing the detrimental impacts of saline water but also promote the 

health and productivity of lemon grass, thus ensuring economic stability for farmers engaged in its cultivation. 

Adopting such measures is essential for the long-term sustainability of agriculture in areas affected by salinity. 

 

7. Future Research Directions 

The ongoing challenges posed by saline irrigation in India highlight the need for continuous research into 

improving the resilience and productivity of crops like lemon grass under salt stress conditions. Identifying 

future research directions is crucial to advancing our understanding and developing more effective 

management strategies. Here are several key areas where future studies could be particularly impactful: 

Genetic and Breeding Research: There is a significant need to focus on genetic and breeding programs to 

develop new varieties of lemon grass that are not only more tolerant to salinity but also maintain high oil 

yields under stress conditions. Research should aim to identify genetic markers associated with salt tolerance, 

which could accelerate the breeding of improved cultivars. 

Advanced Irrigation Technologies: Exploring and implementing advanced irrigation technologies that 

minimize salt buildup and optimize water use is critical. Future studies could evaluate the effectiveness of 

precision irrigation systems, such as sensor-based drip irrigation, which could dynamically adjust watering 

schedules based on real-time soil and plant water status. 

Soil Health Management: Investigating the long-term impacts of saline irrigation on soil health and 

developing strategies to restore and enhance soil properties is essential. Studies could focus on innovative soil 

amendments, such as biochar or nanomaterials, that have the potential to improve soil structure, increase 

nutrient availability, and reduce salt toxicity. 

Integrated Management Systems: There is a need for integrated management systems that combine plant 

breeding, innovative agronomic practices, and local farming knowledge. Research could look into holistic 

approaches that incorporate everything from seed selection to harvest, ensuring sustainable production 

systems that are resilient to salinity. 

Climate Adaptation Strategies: Given the variability in rainfall and temperature across India, developing 

climate-adaptive strategies that also address salinity issues is crucial. Future research should consider the 

interplay between climate change and salinity, developing robust models to predict how shifting climate 

patterns will affect saline irrigation needs and crop responses. 

Economic Analysis: Understanding the economic impacts of saline water use in agriculture, particularly for 

high-value crops like lemon grass, is vital. Future research should include detailed economic analyses to assess 

the cost-effectiveness of different saline management practices and technologies, providing farmers and 

policymakers with clear data to support investment decisions. 

Long-term Field Trials: There is a clear need for more long-term field trials that not only assess the 

immediate impacts of saline irrigation but also monitor long-term effects on both plant and soil health. These 

trials should be conducted in various agro-climatic zones across India to generate data that is regionally 

relevant and broadly applicable. 

https://www.ijirmps.org/
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These research directions aim to foster a comprehensive understanding of the interactions between saline 

water, soil, and lemon grass, driving innovations that enhance both agricultural sustainability and economic 

viability in saline-affected regions of India. 

Conclusion 

The use of saline irrigation water poses significant challenges for the cultivation of lemon grass in India, a 

country where agriculture not only forms a cornerstone of the economy but also supports the livelihoods of 

millions. This review has systematically explored the effects of saline water on the growth and physiological 

responses of lemon grass, underscoring both the vulnerabilities and adaptive capacities of this valuable crop. 

The findings reveal that while saline water invariably impacts germination, growth metrics, and oil yield of 

lemon grass, there are effective strategies and practices that can mitigate these effects. The adoption of salt-

tolerant cultivars, efficient irrigation management, and the use of soil amendments are proven to enhance the 

resilience of lemon grass to saline conditions. Moreover, the physiological adjustments and morphological 

changes that lemon grass undergoes in response to salinity demonstrate the plant's inherent capacity to adapt 

to adverse environments. 

However, the review also highlights the need for continued research and development in this area. Future 

studies focusing on genetic improvements, advanced irrigation technologies, and integrated management 

systems are essential to optimize lemon grass production in saline-prone areas of India. Economic analyses 

and long-term field trials will further support the development of sustainable agricultural practices that not 

only ensure the economic viability of lemon grass cultivation but also contribute to the overall sustainability 

of agricultural systems facing salinity challenges. 

In conclusion, while the journey to fully understand and counteract the impacts of saline irrigation on lemon 

grass is ongoing, the progress made thus far provides a hopeful outlook. With sustained effort and innovation, 

it is possible to turn the challenges posed by salinity into opportunities for enhancing agricultural productivity 

and resilience in India. 

 

References 

1. Ashraf, M., & Harris, P. J. C. (2013). Photosynthesis under stressful environments: An overview. 

Photosynthetica, 51(2), 163-190. 

2. Gupta, A., & Sankhla, D. (2016). Impact of saline water on seed germination and early seedling growth 

of the oil producing crop, lemon grass. Journal of Agronomy and Crop Science, 202(3), 209-217. 

3. Kaushal, P., & Wani, S. P. (2016). Salinity and its effects on the functional biology of legumes. Acta 

Physiologiae Plantarum, 38(10), 253. 

4. Kumar, S., & Sharma, S. (2014). Proline accumulation in response to salinity stress in Cymbopogon 

citratus. Journal of Plant Biology Research, 3(2), 145-152. 

5. Lawrence, B. M. (2012). Major tropical spices - Lemon grass (Cymbopogon citratus). Perfumer & 

Flavorist, 37, 52-59. 

6. Meena, R. L., Yadav, R. S., Reager, M. L., Singh, A., & Kandpal, B. K. (2017). Influence of biochar 

application on potassium-solubilizing Bacillus mucilaginosus and its effect on soil potassium content and 

crop productivity in Garhwal Himalayas of Uttarakhand, India. Experimental Agriculture, 53(4), 506-523. 

7. Munns, R., & Tester, M. (2008). Mechanisms of salinity tolerance. Annual Review of Plant Biology, 59, 

651-681. 

8. Rao, D., Chaitanya, B., & Sharma, K. P. (2015). Salinity-induced changes in the physiological attributes 

of lemon grass. Journal of Essential Oil Research, 27(3), 204-209. 

9. Rhoades, J. D., Kandiah, A., & Mashali, A. M. (1992). The use of saline waters for crop production - FAO 

Irrigation and Drainage Paper 48. Food and Agriculture Organization of the United Nations. 

https://www.ijirmps.org/


  

Volume 6 Issue 1                               @ Jan – Feb 2018 IJIRMPS | ISSN: 2349-7300 

IJIRMPS230879          Website: www.ijirmps.org Email: editor@ijirmps.org 8 

 
 

10. Singh, N., & Dagar, J. C. (2013). Ecosystem approach to reclamation of saline wastelands through 

afforestation and management. Agroforestry Systems, 87(6), 1205-1222. 

11. Singh, P., Shukla, A. K., & Mishra, P. K. (2010). Evaluation of lemon grass (Cymbopogon citratus) oil as 

an herbicide in managing weeds in wheat fields. Crop Protection, 29(8), 821-829. 

12. United Nations Environment Programme. (2016). World Atlas of Desertification. 

13. Verma, A., Singh, M., & Anwar, S. (2014). Salinity and its effects on the functional biology of legumes. 

Acta Physiologiae Plantarum, 36(10), 2531-2546. 

14. Akhila, A. (2010). Essential Oil-Bearing Grasses: The genus Cymbopogon. CRC Press. 

15. Munns, R., James, R. A., & Lauchli, A. (2006). Approaches to increasing the salt tolerance of wheat and 

other cereals. Journal of Experimental Botany, 57(5), 1025-1043. 

16. Parida, A. K., & Das, A. B. (2005). Salt tolerance and salinity effects on plants: A review. Ecotoxicology 

and Environmental Safety, 60(3), 324-349. 

17. Qadir, M., Quillerou, E., Nangia, V., Murtaza, G., Singh, M., Thomas, R. J., Drechsel, P., & Noble, A. D. 

(2014). Economics of salt-induced land degradation and restoration. Natural Resources Forum, 38(4), 

282-295. 

18. Ashraf, M. (2004). Some important physiological selection criteria for salt tolerance in plants. Flora - 

Morphology, Distribution, Functional Ecology of Plants, 199(5), 361-376. 

19. Flowers, T. J., & Colmer, T. D. (2008). Salinity tolerance in halophytes. New Phytologist, 179(4), 945-

963. 

20. Läuchli, A., & Grattan, S. R. (2007). Plant growth and development under salinity stress. In M. Jenks & 

P. Hasegawa (Eds.), Advances in Molecular Breeding Toward Drought and Salt Tolerant Crops (pp. 1-

32). Springer. 

https://www.ijirmps.org/

