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Abstract

This review paper explores the optimization of agronomic practices for enhancing lemongrass
(Cymbopogon citratus) yield in saline environments, particularly within the Indian context. Saline
soils, prevalent in regions such as Rajasthan, Gujarat, and Tamil Nadu, present significant
challenges to agricultural productivity. Effective management of soil fertility, irrigation, and water
usage is crucial for overcoming the adverse effects of salinity. The paper discusses various
strategies, including the application of organic and inorganic soil amendments (e.g., gypsum,
farmyard manure), appropriate irrigation techniques (such as drip irrigation and leaching), and
efficient water management practices. These techniques have been shown to improve soil health,
reduce salt accumulation, and enhance plant growth, leading to better lemongrass yields. The
review also highlights the role of nutrient management and crop-specific cultivation practices in
mitigating salinity stress. The integration of modern technologies, such as soil moisture sensors
and optimized fertilizer application, is essential for improving water use efficiency and overall
crop productivity. This paper aims to provide a comprehensive understanding of agronomic
practices that can help increase the sustainability and profitability of lemongrass cultivation in
saline-prone areas of India, ensuring higher biomass and essential oil yields.
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1. Introduction

Lemongrass (Cymbopogon citratus) is a tropical plant of considerable economic importance, known for
its aromatic leaves used in the production of essential oils, which are widely utilized in the food,
cosmetic, and pharmaceutical industries. Its agronomic characteristics, including its resilience to various
environmental conditions, make it a viable crop in many regions, particularly in India. The plant is
valued for its ability to thrive in diverse soil types, with notable benefits in producing high-quality oil for
industrial applications (Chauhan et al., 2006). However, the cultivation of lemongrass in saline
environments poses significant challenges due to the adverse effects of salt on plant growth,
productivity, and essential oil yield.

Salinity is a major abiotic stress affecting crop production worldwide, particularly in arid and semi-arid
regions of India. Approximately 6.7 million hectares of land in India are affected by salinity, with states
like Rajasthan, Gujarat, and Tamil Nadu facing significant salinity issues in agricultural production
(Yadav et al., 2007). In saline soils, the high concentration of soluble salts interferes with water
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absorption by plant roots, leading to physiological stress. For lemongrass, this stress results in stunted
growth, reduced leaf biomass, and ultimately lower essential oil content. According to Bhattacharyya et
al. (2006), salinity concentrations exceeding 6 dS/m can drastically reduce lemongrass yield, with
studies reporting a yield loss of up to 40% under such conditions.

Despite these challenges, research has demonstrated that lemongrass can be cultivated successfully in
saline environments through the optimization of agronomic practices. Various studies suggest that the
application of proper irrigation techniques, soil amendments, and nutrient management strategies can
mitigate the detrimental effects of salinity. For instance, saline irrigation practices, when coupled with
leaching and the addition of organic matter, have shown promising results in improving yield in saline
conditions (Rattan et al.,, 2008). Moreover, the adoption of salt-tolerant varieties and improved
management of water resources has led to yield improvements of up to 30% in certain saline-affected
regions of India (Chauhan & Singh, 2009).

In conclusion, while the cultivation of lemongrass in saline environments presents several challenges,
optimized agronomic practices offer a promising solution to enhance productivity. This review aims to
explore these practices and provide a comprehensive analysis of their impact on lemongrass yield under
saline conditions in the Indian context.

2. Effect of Salinity on Lemon Grass Growth

Salinity is a significant abiotic stress factor that negatively impacts the growth and productivity of many
crops, including lemongrass (Cymbopogon citratus). In India, where around 6.7 million hectares of land
are affected by salinity, particularly in states like Rajasthan and Gujarat, this issue is especially critical
for the successful cultivation of various crops, including aromatic plants (Yadav et al., 2007).
Lemongrass is sensitive to soil salinity, with higher salt concentrations leading to physiological
disruptions such as reduced water uptake, osmotic stress, and nutrient imbalances (Rattan et al., 2008).

Research has shown that salinity levels exceeding 4 dS/m can cause a decline in the growth parameters
of lemongrass, including leaf area, biomass production, and essential oil content (Chauhan et al., 2006).
According to a study by Bhattacharyya et al. (2006), at a salinity level of 6 dS/m, the fresh weight of
lemongrass plants was reduced by 30-40%, significantly lowering the overall yield. Salinity stress
induces stomatal closure, limiting transpiration and reducing the plant’s ability to carry out
photosynthesis effectively, leading to poor growth and a decrease in essential oil yield (Munns, 2002).

Furthermore, the impact of salinity on lemongrass varies with its growth stages. During germination and
early seedling development, high salinity levels have been shown to inhibit root development and
germination rates. Bhattacharyya et al. (2006) observed that salinity levels of 8 dS/m completely
hindered seed germination in lemongrass, making it challenging to establish crops in saline
environments. During the vegetative and reproductive stages, salt stress leads to the accumulation of
toxic ions such as sodium (Na+) and chloride (CI-) in plant tissues, further impairing metabolic
processes and growth (Chauhan & Singh, 2009).

Despite these adverse effects, lemongrass has shown some resilience to moderate salinity, especially in
areas where saline irrigation practices are integrated with soil amendments. However, the degree of
tolerance remains highly dependent on the specific salinity levels and the management practices adopted
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(Rattan et al., 2008). Thus, understanding the specific thresholds of salinity tolerance in lemongrass is
critical for developing strategies to optimize its cultivation in saline soils.

3. Agronomic Practices for Lemon Grass Cultivation

Successful cultivation of lemongrass (Cymbopogon citratus) in saline environments requires the
optimization of several agronomic practices, aimed at mitigating the effects of soil salinity and
enhancing crop yield. In India, where saline soil is prevalent in regions like Rajasthan, Gujarat, and
Tamil Nadu, these practices become critical to ensuring sustainable and profitable lemongrass farming
(Yadav et al., 2007). Effective management of soil and irrigation is essential to improving the plant’s
tolerance to salt stress and promoting higher productivity.

Soil Management and Amendments: The physical properties of saline soils, such as high electrical
conductivity (EC), affect plant growth by disrupting water uptake and nutrient absorption. To counteract
this, soil amendments such as organic matter, gypsum, and biochar are widely used to improve soil
structure, enhance water infiltration, and reduce salt toxicity (Chauhan et al., 2006). For instance, the
application of gypsum at a rate of 2-3 tons per hectare has been shown to improve soil salinity
conditions and increase the yield of lemongrass by approximately 25-30% (Singh et al., 2008).
Additionally, organic matter improves the cation-exchange capacity (CEC) of the soil, helping to bind
harmful salts and reduce their availability to plants.

Irrigation Practices: The use of efficient irrigation methods, particularly drip irrigation, has proven
beneficial in managing saline water and minimizing salt buildup around the root zone. Drip irrigation
systems not only conserve water but also provide consistent moisture to the roots, reducing salt
concentration in the soil (Rattan et al., 2008). Research indicates that the adoption of drip irrigation,
combined with the leaching of excess salts, can increase the growth rate of lemongrass by up to 40% in
saline environments (Chauhan & Singh, 2009). It is also recommended to implement periodic irrigation
cycles to flush out accumulated salts, a practice that can significantly improve plant health.

Nutrient Management: Fertilizer management plays a crucial role in optimizing the growth of
lemongrass in saline soils. Salinity often causes nutrient imbalances, particularly in nitrogen and
potassium, which are essential for plant growth. Studies suggest that balanced fertilization with a mix of
macro and micro-nutrients can offset these imbalances. Application of potassium nitrate (KNO3) has
been shown to enhance salt tolerance in lemongrass, improving its biomass production and essential oil
yield by 20-25% (Bhattacharyya et al., 2006).

In conclusion, the adoption of appropriate soil management techniques, efficient irrigation systems, and
balanced nutrient practices is essential for optimizing lemongrass cultivation in saline environments.
These agronomic practices not only improve plant growth and yield but also contribute to sustainable
agricultural practices in regions with saline soils.

4. Impact of Fertilization on Lemon Grass Yield in Saline Conditions

Fertilization plays a pivotal role in enhancing the yield of lemongrass (Cymbopogon citratus) in saline
environments. The availability and balance of nutrients are often disrupted in saline soils, which affects
plant growth and essential oil production. The application of appropriate fertilizers, particularly those
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that improve nutrient uptake and counteract salinity-induced nutrient imbalances, can significantly boost
lemongrass productivity.

In saline conditions, the plant faces challenges in nutrient absorption due to high salt concentrations that
hinder the movement of water and nutrients through the root system. Potassium, nitrogen, and
phosphorus are particularly essential for lemongrass growth, as they directly influence photosynthesis,
growth, and oil production. Studies suggest that the application of potassium-rich fertilizers, such as
potassium nitrate (KNO3), can help mitigate the negative effects of salinity by enhancing the osmotic
regulation of the plant and improving its ability to manage water stress (Bhattacharyya et al., 2006).
Potassium also helps in reducing the sodium-to-potassium ratio in plant tissues, which is crucial for
maintaining cell function under salt stress (Rattan et al., 2008).

Table 1: Impact of Fertilization on Lemongrass Yield under Saline Conditions

Fertilizer Type Application Rate | Fresh  Biomass Yield | Essential Oil Yield
(kg/ha) (kg/ha) (L/ha)

Control (no | - 2,500 30

fertilizer)

Nitrogen (N) 80 3,000 35

Potassium (K) 60 3,200 38

NPK (15-15-15) 100 3,500 40

Source: Singh et al., 2008

As shown in Table 1, the application of potassium significantly enhances both biomass and essential oil
yield. Nitrogen also plays an important role in promoting plant growth, but potassium appears to be
more effective in improving yield under saline stress. Additionally, the combined application of
nitrogen, phosphorus, and potassium (NPK) fertilizers has shown the highest yield, both in terms of
biomass and essential oil production.

Moreover, the timing and method of fertilizer application are crucial for optimizing yield. Fertilizer
application during the vegetative phase, followed by periodic top-dressing, has been found to enhance
the growth of lemongrass under salt stress. Balanced nutrient management, incorporating both macro
and micro-nutrients, helps in alleviating the physiological stress caused by high salinity and ensures
better nutrient availability to the plants (Chauhan & Singh, 2009).

In conclusion, the effective use of fertilizers, particularly potassium and NPK blends, can substantially
increase lemongrass yield in saline soils. Fertilization strategies must be tailored to the specific needs of
the crop and local soil conditions to maximize both growth and oil production.

5. Role of Irrigation in Optimizing Lemon Grass Yield in Saline Environments

Irrigation is a crucial factor for optimizing the growth and yield of lemongrass (Cymbopogon citratus) in
saline environments. In regions with saline soils, the availability of fresh water is often limited, which
poses significant challenges to crop production. Therefore, efficient irrigation techniques are necessary
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to manage water resources and mitigate the adverse effects of salinity. In India, where regions like
Rajasthan and Gujarat face high salinity, the implementation of proper irrigation practices becomes
essential to ensure sustainable lemongrass farming.

Drip Irrigation: Drip irrigation is particularly effective in saline conditions as it delivers water directly
to the root zone, reducing the chances of salt accumulation around the plant roots. This method helps in
maintaining optimal moisture levels while minimizing the risk of salinity buildup in the soil (Chauhan et
al., 2006). Drip irrigation has been shown to improve the yield of lemongrass by 20-40%, particularly in
arid and semi-arid regions of India where water quality is often poor and saline (Singh et al., 2008).

Leaching Requirement: To combat soil salinity, leaching—flushing excess salts from the root zone—is
an important aspect of irrigation management. Studies have indicated that the leaching requirement for
lemongrass grown under saline conditions can range from 0.15 to 0.25, depending on the salinity level
of the water used for irrigation (YYadav et al., 2007). The leaching process, when coupled with efficient
irrigation methods, helps to maintain the soil's osmotic balance and reduces the toxicity of salts.

Table 2: Impact of Different Irrigation Methods on Lemongrass Yield under Saline Conditions

Irrigation Water Application | Fresh Biomass Yield | Essential Oil Yield
Method (L/plant/day) (kg/ha) (L/ha)

Surface Irrigation | 25 2,800 32

Drip Irrigation 20 3,200 38

Furrow Irrigation | 22 3,000 35

Source: Singh et al., 2008

As shown in Table 2, drip irrigation results in higher biomass and essential oil yield compared to
traditional surface and furrow irrigation methods. This is primarily due to the efficient use of water and
the prevention of salt buildup, which can hinder plant growth.

Water Quality and Salinity Management: In saline environments, the quality of water used for
irrigation also plays a significant role. The Electrical Conductivity (EC) of irrigation water should
ideally be below 2 dS/m for optimal lemongrass growth. Higher EC values result in reduced water
uptake and plant stress, negatively impacting yield (Chauhan & Singh, 2009). Therefore, regular
monitoring of water salinity is essential to maintain sustainable irrigation practices.

In conclusion, efficient irrigation techniques like drip irrigation, coupled with proper water management
practices, can significantly enhance the growth and yield of lemongrass in saline environments. By
minimizing salt accumulation and optimizing water use, farmers can achieve better productivity and
sustainability.

6. Integrated Pest Management (IPM) Strategies for Lemon Grass in Saline Environments

Integrated Pest Management (IPM) is a sustainable approach that combines biological, cultural,
mechanical, and chemical control methods to manage pests in crops. In saline environments, where
environmental stressors impact plant health, implementing effective IPM strategies for lemongrass
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(Cymbopogon citratus) is crucial to reduce the impact of pest infestations while maintaining
environmental sustainability. In India, pest management in saline soils requires specialized strategies due
to the unique challenges posed by salinity stress.

Cultural Practices: Cultural practices such as crop rotation, planting resistant varieties, and adjusting
planting dates are integral components of IPM. By rotating lemongrass with other non-susceptible crops,
pest populations can be disrupted, reducing the chances of pest buildup (Singh et al., 2007).
Additionally, planting lemongrass in well-drained, raised beds can improve soil aeration, reducing the
proliferation of soil-borne pests that thrive in saline soils.

Biological Control: The use of natural predators or biocontrol agents to manage pests is gaining traction
in saline environments. For instance, the introduction of beneficial insects such as ladybird beetles and
predatory mites can significantly reduce aphid populations, a common pest in lemongrass fields (Yadav
et al., 2008). Additionally, the use of biopesticides such as neem oil, which is effective against a wide
range of pests, can be an eco-friendly alternative to chemical pesticides.

Chemical Control: While chemical pesticides are sometimes necessary, they should be used sparingly
to prevent resistance buildup and to protect the beneficial organisms in the ecosystem. In saline
environments, the application of systemic insecticides with low toxicity to non-target species is
recommended. These can be applied during the early stages of pest infestations when pest populations
are still manageable (Chauhan & Sharma, 2009).

Table 3: Effectiveness of IPM Practices in Managing Pests in Lemongrass under Saline Conditions

IPM Strategy Pest Reduction | Biomass Yield | Essential Oil Yield
(%) (kg/ha) (L/ha)

Cultural Practices 25 3,000 34

Biological Control 30 3,200 37

Chemical Control 45 3,400 40

Integrated IPM (Cultural + Biological | 65 3,800 45

+ Chemical)

Source: Yadav et al., 2008

As shown in Table 3, a combination of cultural, biological, and chemical methods under an integrated
IPM approach has the highest impact on pest reduction, leading to significant improvements in both
biomass and essential oil yield. The combined strategies reduce pest pressure effectively while
maintaining crop health, especially in challenging saline environments.

In conclusion, implementing a holistic IPM strategy is essential for sustainable pest management in
lemongrass cultivation under saline conditions. By integrating cultural practices, biological control, and
judicious use of chemical agents, farmers can maintain high yields while minimizing the environmental
impact of pesticide use.
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7. Soil Fertility Management for Lemon Grass Cultivation in Saline Environments

Soil fertility plays a critical role in the growth and productivity of lemongrass (Cymbopogon citratus),
particularly in saline environments where soil quality is often compromised by high levels of salt.
Effective soil fertility management practices are essential to improve the soil’s physical, chemical, and
biological properties, thus ensuring optimal growth and yield of lemongrass. In the Indian context,
where saline soils are prevalent, especially in regions like Gujarat, Rajasthan, and Tamil Nadu,
addressing soil fertility challenges is a priority.

Organic Amendments: The addition of organic amendments, such as compost, farmyard manure
(FYM), and green manure, has been shown to enhance soil fertility and improve plant growth in saline
soils. These amendments help in increasing soil organic matter (SOM), which improves soil structure,
water retention, and nutrient availability (Sharma et al., 2006). A study conducted in Rajasthan indicated
that the application of FYM at 10 tons per hectare resulted in a 20-25% increase in lemongrass yield
under saline conditions (Kumar et al., 2008). Organic matter also aids in reducing the impact of salinity
by improving the cation exchange capacity (CEC) of the soil, which is critical for nutrient uptake.

Gypsum Application: Gypsum is widely used in saline and sodic soils to displace sodium ions and
improve soil structure. It enhances the infiltration of water, which reduces salt accumulation around
plant roots. Studies have shown that the application of gypsum at a rate of 1-2 tons per hectare improves
the growth of lemongrass in saline soils, with a significant increase in essential oil yield (Sharma &
Gupta, 2007). The application of gypsum helps reduce the pH of the soil, creating a more favorable
environment for plant growth.

Table 4: Effect of Soil Amendments on Lemongrass Growth in Saline Soils

Soil Amendment Lemongrass Biomass  Yield | Essential  Oil  Yield | Soil

(kg/ha) (L/ha) pH
No Amendment 2,500 30 8.2
FYM (10 tons/ha) 3,100 35 7.9
Gypsum (1 ton/ha) 3,300 38 7.5
FYM + Gypsum (1| 3,800 42 7.3
ton/ha)

Source: Kumar et al., 2008

As shown in Table 4, the combination of organic and inorganic amendments significantly improves
lemongrass growth in saline soils. The highest increase in biomass and essential oil yield was observed
with the combined application of FYM and gypsum, leading to improved soil pH and fertility.

Micronutrient Fertilization: The application of micronutrients, particularly zinc, iron, and manganese,
is essential for lemongrass in saline environments. These micronutrients help in mitigating the adverse
effects of salinity stress by enhancing enzymatic activities and improving plant metabolism. Studies
have indicated that the foliar application of micronutrient mixtures can result in up to a 15% increase in
lemongrass yield in saline areas (Yadav et al., 2007).
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In conclusion, managing soil fertility through the use of organic amendments, gypsum, and
micronutrient fertilization is crucial for optimizing lemongrass production in saline environments. These
practices help improve soil health, reduce salinity stress, and enhance overall productivity.

8. Water Management Techniques for Lemon Grass in Saline Environments

Water management is a critical aspect of lemongrass (Cymbopogon citratus) cultivation in saline
environments. Salinity stress significantly hampers water availability and uptake by plants, leading to
reduced growth and yield. Therefore, adopting effective water management practices is essential to
optimize water use and minimize salinity-related stress, especially in arid and semi-arid regions of India
where saline soils are prevalent.

Drip Irrigation: Drip irrigation is one of the most efficient methods for water management in saline
soils. It delivers water directly to the root zone, minimizing water wastage and ensuring that the plants
receive adequate moisture while reducing the spread of salts on the soil surface. According to a study
conducted in Rajasthan, the use of drip irrigation in lemongrass cultivation led to a 25-30% increase in
yield compared to conventional flood irrigation (Sharma & Kumar, 2007). This method also reduces the
risk of salt accumulation around the roots, thereby improving the plant’s ability to tolerate salinity stress.

Leaching: Leaching is the process of applying excess water to flush out soluble salts from the root zone.
This practice is particularly effective in areas where the salinity level of irrigation water is high. In
Guijarat, research has shown that leaching fractions of 15-20% are necessary to maintain acceptable soil
salinity levels for lemongrass growth (Sivapalan et al., 2008). Leaching helps in improving soil structure
and promoting better nutrient uptake by plants, which in turn enhances plant growth and essential oil
production.

Rainwater Harvesting: In regions where rainfall is erratic, rainwater harvesting can be an effective
strategy to supplement irrigation. Collecting and storing rainwater allows farmers to use fresh, low-
salinity water during dry periods, reducing the dependency on saline groundwater. This approach has
been successfully implemented in Tamil Nadu, where rainwater harvesting systems have led to a 20%
reduction in irrigation costs for lemongrass farmers (Kumar et al., 2009). By utilizing rainwater, farmers
can minimize the salt stress on plants, leading to healthier crops and improved yields.

Water Use Efficiency (WUE): Improving water use efficiency (WUE) is crucial for sustainable
agriculture in saline environments. Techniques such as scheduling irrigation based on evapotranspiration
rates and using soil moisture sensors can help optimize water use. In a study conducted in Uttar Pradesh,
WUE was found to improve by 18% in lemongrass fields when irrigation was scheduled based on real-
time soil moisture data (Singh et al., 2006). This approach ensures that water is used efficiently,
reducing excess irrigation and preventing salt buildup.

In conclusion, effective water management techniques such as drip irrigation, leaching, rainwater
harvesting, and improved WUE are essential for successful lemongrass cultivation in saline
environments. These practices not only help in mitigating the effects of salinity but also contribute to
sustainable agricultural practices in water-scarce regions of India.
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Conclusion

In conclusion, optimizing agronomic practices for enhancing lemongrass (Cymbopogon citratus) yield in
saline environments requires a multifaceted approach. Soil fertility management, water management
techniques, appropriate irrigation systems, and the use of organic and inorganic amendments play vital
roles in improving growth and productivity. Organic amendments such as farmyard manure and gypsum,
along with micronutrient application, have proven to be effective in mitigating salinity stress and
improving soil health. Similarly, efficient water management practices, particularly drip irrigation and
leaching, can significantly enhance water use efficiency, minimize salt accumulation, and reduce the
impact of saline stress on the crop.

Additionally, the importance of tailored agronomic practices, such as precise fertilizer application and
optimal sowing techniques, cannot be overstated. These practices help create favorable growth
conditions for lemongrass, particularly in regions where saline soils are widespread, such as Rajasthan,
Gujarat, and Tamil Nadu. The integration of these practices has the potential to improve both the
biomass and essential oil yields, contributing to better economic returns for farmers.

However, achieving sustainable and high-yielding lemongrass cultivation in saline areas requires
continuous research and adaptation of local practices. The adoption of modern technologies, along with
traditional knowledge, will be key in addressing the challenges posed by salinity. By focusing on
optimizing agronomic practices and employing integrated soil and water management strategies, the
potential for lemongrass cultivation in saline environments can be fully realized, ensuring both
environmental sustainability and economic profitability for farmers.

This review highlights the necessity for region-specific, scientifically-backed interventions to achieve
improved lemongrass yields and ensure the long-term success of this valuable crop in saline-prone areas
of India.
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