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ABSTRACT 
 

 

Mentha, or mint is a valuable aromatic and therapeutic crop that has important agricultural and economic implications. 

However, growing it presents a number of region-specific challenges for farmers, endangering both sustainability and 

profitability. In addition to economic problems like price volatility and high input costs, this review highlights important 

agronomic challenges like soil salinity, water scarcity, and pest outbreaks. These challenges are made worse by 

technological obstacles, such as a lack of mechanization and a sluggish adoption of sophisticated farming methods. Mentha 

production is further impacted by environmental factors like climate variability and diminishing water supplies, and farmer 

resilience is hampered by a lack of policy support and poor agricultural extension services. We suggest implementing 

technological advancements like integrated pest management, effective irrigation systems, and drought-resistant cultivars to 

address these issues. Farmers can be empowered through government initiatives like increased subsidies and equitable 

pricing structures, as well as strengthened extension services and training initiatives. Resilience also depends on sustainable 

practices like organic farming and water conservation. The necessity of all-encompassing approaches to guarantee 

sustainable mentha cultivation is highlighted by this review. 
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Mentha, or mint, is a genus of aromatic perennial herbs that are 
important both medicinally and economically. Mentha, a 
member of the Lamiaceae family, includes several species such 
as Menthaarvensis and Menthapiperita, which are extensively 
grown for their essential oils, chiefly menthol. It is a high-
value commercial crop due to the wide use of these oils in the 
culinary, flavoring, cosmetics, and medicinal industries (Anwar 
et al., 2019). Mentha’s role in both conventional and modern 
therapeutic uses is reinforced by the strong antibacterial, 
antifungal, and antioxidant properties of its essential oils. It is 
primarily cultivated in temperate and subtropical climates, with 
the United States, China, and India being the top producers. 
India alone accounts for more than 80% of the world’s mentha oil 
supply and has emerged as a major exporter (Kushwaha et al., 
2024). However, mentha cultivation demands careful 
management due to its sensitivity to agronomic, environmental, 
and economic variables. Its productivity and profitability are 
negatively impacted by pest infestations, soil degradation, water 
scarcity, and market fluctuations (Salehi et al., 2018). Given its 
wide commercial applications and role in supporting rural 
livelihoods, a review of the difficulties faced by mentha farmers 
is essential. This review aims to highlight the various constraints 
and explore practical solutions (Carpenter & Carpenter, 2015). In 
regions where smallholder farmers depend on high-revenue crops 
for income, Mentha plays a key role in agricultural 
diversification. By producing menthol-rich essential oils that are 
in constant global demand across the food, cosmetic, and 
pharmaceutical sectors, mentha cultivation significantly 
contributes to the agricultural value chain (Paliwal, 2023). 
Despite its potential, mentha cultivation faces threats from 

several agronomic and environmental constraints. In addition to 
reducing crop yields, challenges such as pest attacks, water 
shortages, and soil fertility loss place extra financial pressure on 
farmers. The crop's vulnerability to climate change, reflected in 
erratic rainfall, temperature rise, and extreme weather, 
exacerbates these issues. When combined with market 
instability, high input costs, and limited access to advanced 
technologies, these factors hinder the adoption of sustainable 
practices and threaten long-term viability (Wei et al., 2023). 
Tackling these challenges promotes sustainable agriculture by 
enhancing resource efficiency, reducing environmental harm, 
and improving climate resilience. Farmers can overcome these 
constraints with well-targeted policy, technology, and market 
interventions, ensuring economic gains and environmental 
sustainability (Zafar et al., 2024). A thorough analysis of these 
concerns is vital to safeguarding mentha’s contribution to rural 
livelihoods and the global essential oil market (Singh et al., 
2024). This review aims to systematically identify and critically 
assess region-specific challenges to mentha cultivation with a 
focus on agronomic, economic, technological, environmental, 
and institutional aspects (Singh et al., 2022). It also aims to 
explore and recommend evidence-based, long-term solutions 
adapted to these regional challenges. Special focus will be on 
integrating innovative technologies, improved agronomic 
methods, and supportive policy frameworks. The overarching 
goal is to establish a sustainable mentha production system 
rooted in social equity, economic viability, and environmental 
conservation, ensuring the crop's continued relevance in the 
global agriculture and essential oil sectors. 

   INTRODUCTION 
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1. ChallengesinMentha Cultivation 
 

S.No. Category Specific 
Challenges 

Region-Specific 
Insights 

Impact 

1. Agronomi c Challenges Soil fertility 
issues,salinity, and acidity 

Highsalinityin Western 
Uttar Pradesh;acidic 
soils in Assam 

Reducedcrop productivity 

Waterscarcity and 
irrigation inefficiencies 

Erraticrainfallin 
MadhyaPradesh; 
dependence on tubewells 

Increasedcosts, lower 
yield 

Pestanddisease outbreaks Majorissuein Punjab with 
specific 
pest/disease 

Yield loss, increased 
pesticideuse 

2. Economic Challenge s Price fluctuations Market instabilityin Tarai 
belt, Uttarakhan 
d 

Reducedprofit margins 

Highinputcosts In Barabanki, Uttar 
Pradesh reportssoaring 
fertilizercosts 

Discourages 
menthafarming 

Narrowprofit margins Pressures from 
competingcrops 
in Haryana 

Shift to alternativecrops 

3. Technological Barriers Limited mechanization Traditional 
farmingmethods dominant 
in Eastern Uttar 
Pradesh 

Labor-intensive processes 

Lowadoptionof advanced Lack of awarenessin 
Bihar 

Inefficient resourceuse 

4. Environmental Challenges Climate variabilit y Extreme temperaturesin 
Odisha 

Stress oncrops 

 

  Decliningwater resources Groundwate 
r depletion in Rajasthan 

Irrigation challenges 

5. 
 

Policy and Institutional Weak agricultural extensio 
n 

Lackoftraining programs in 
Bundelkhand, 
UttarPradesh 

Pooragronomic practices 

  services   
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Table1: Key Challenges in Mentha Cultivation with Regional 
Insights 

1.1 AgronomicChallenges 
The productivity of Mentha is greatly influenced by soil fertility, 
as the crop requires nutrient-rich soils for optimal growth and 
essential oil biosynthesis. However, its cultivation faces 
challenges due to the depletion of organic matter, overuse of 
chemical fertilizers, and intensive cultivation practices, all of 
which degrade soil fertility (as demonstrated in Table 1). 
Nutrient imbalances—particularly deficiencies in nitrogen, 
phosphorus, and potassium—hinder root development, reduce 
biomass, and lower oil content, leading to suboptimal yields 
(Kumar et al., 2022). Salinity poses another significant 
constraint, especially in regions where poor irrigation practices 
cause salt accumulation in the root zone. While Mentha can 
tolerate moderate salinity, elevated levels impair nutrient 
uptake, cause osmotic stress, and diminish oil quality (Mahajan& 
Pal, 2023). Soil acidity, often a result of excessive rainfall, poor 
drainage, or acid-forming fertilizers, also limits productivity by 
reducing nutrient availability and increasing the toxicity of 
elements like manganese and aluminum (Mirzamohammadi et 
al., 2021). Addressing these issues requires integrated soil 
management involving balanced fertilization, organic 
amendments, and amelioration techniques. Site-specific nutrient 
strategies and precision agriculture tools are also essential for 
maintaining soil health and ensuring sustainable yields.Water 
scarcity and inefficient irrigation practices are additional 
agronomic constraints limiting mentha production. Being a 
water-intensive crop, Mentha requires consistent soil moisture 
to support its rapid growth and essential oil accumulation 
(Marino et al., 2019). Declining water availability due to 
overextraction, erratic rainfall, and competition from other 
sectors exacerbates water stress (Sahu et al., 2022). Traditional 
methods like flood irrigation contribute to inefficiencies by 
causing nutrient leaching, degrading soil structure, and 
increasing salinity risks. The limited adoption of modern 
irrigation systems such as drip and sprinkler further restricts 
water-use efficiency (Brar et al., 2021). Implementing precision 
irrigation alongside soil moisture sensors can optimize water use 
and reduce waste. Additionally, the development of drought-
tolerant varieties and farmer training in sustainable water 
management practices is crucial for enhancing resilience under 
water-limited conditions (Molaei et al., 2021).Pest and disease 
outbreaks also pose serious threats to Mentha cultivation, 
affecting both yield and essential oil quality. Common pests 
include aphids (Aphis spp.), flea beetles (Chrysomelidae), and 
armyworms (Spodopteralitura), which reduce photosynthetic 
efficiency and biomass accumulation, particularly during key 
growth stages (Pandey&Hembram, 2025). Fungal diseases such as 
rust (Pucciniamenthae), powdery mildew (Erysiphe spp.), and 
wilt (Fusarium spp.), along with bacterial leaf spot 
(Pseudomonas syringae) and viral infections, further reduce leaf 
quality and oil biosynthesis (Carrubba et al., 2015). Under 
favorable environmental conditions, these pathogens can lead to 
rapid outbreaks, jeopardizing crop sustainability. An integrated 
pest and disease management (IPDM) approach is essential, 
involving resistant cultivars, eco-friendly biopesticides, and 
biological control agents (Riudavets et al., 2020). Precision tools 
such as real-time pest monitoring and predictive disease models 
can enhance early detection and targeted interventions, 
supporting long-term management strategies (Gupta et al., 
2023). 

1.1 EconomicChallenges 
Major economic barriers to mentha cultivation include price 
volatility and erratic market access, which significantly affect 
farmers' financial security and profitability. The price of mentha 
oil, the main commercial product, fluctuates due to factors like 
export regulations, global demand-supply dynamics, and 
commodity market speculation (Rathore). This volatility creates 
uncertainty, impairing farmers’ capacity to make informed 
investment decisions. Market access problems, especially for 
smallholder farmers in remote areas, further worsen economic 
challenges (Yankson et al., 2016). Poor infrastructure, limited 
storage facilities, and unorganized supply chains hinder fair 
pricing. Reliance on middlemen often reduces profit margins 

(Abdulsamad et al., 2015). To address these issues, strong 
market infrastructure such as cooperatives, direct platforms, 
and regulated marketplaces is needed. Policy measures like 
minimum support prices (MSP) and input subsidies can provide 
added protection (Anjum et al., 2024). Additionally, 
incorporating value-adding procedures like essential oil branding 
and high-value derivative production can enhance revenue 
streams (Singh et al., 2023).One significant financial challenge is 
the high cost of inputs—seeds, fertilizer, and pesticides. Mentha 
cultivation requires quality planting material to ensure vigorous 
growth and high oil yields. However, a lack of affordable 
certified seeds often compels farmers to use inferior 
alternatives, risking productivity (Saha&Basak, 2020). The crop’s 
high nutrient demand requires regular fertilizer application, 
raising input costs, especially amid global supply disruptions. 
Moreover, heavy use of pesticides—due to pest and disease 
prevalence—further increases costs and raises environmental 
concerns (Fallah et al., 2024). Promoting affordable, quality 
inputs is essential. Strategies such as improved cultivars, 
biofertilizers, and integrated pest management (IPM) can 
significantly reduce reliance on costly chemicals (Parrey et al., 
2023). Government-supported input networks and subsidies also 
play a key role in affordability and accessibility (Gupta et al., 
2023).High production costs, volatile prices, and limited value 
addition opportunities result in narrow profit margins. Rising 
labor and irrigation costs, combined with erratic mentha oil 
prices, compel farmers to sell at uncompetitive rates (Sharma et 
al., 2023; Riaz et al., 2021). A market preference for raw 
mentha oil over processed derivatives restricts income potential, 
compounded by lack of access to advanced distillation 
technologies (Meng, 2023). Smallholders are disproportionately 
affected due to limited economies of scale. To address this, 
a comprehensive strategy focused on cost-efficiency and income 
diversification is necessary. Sustainable practices, support for 
cooperatives, better market infrastructure, and access to credit 
and insurance can enhance resilience (Oliveira, 2021). Branding 
and value addition, particularly for premium mentha derivatives, 
further improve profitability. 

1.1 TechnologicalBarriers 
Mechanization and contemporary irrigation techniques are still 
not widely used in mentha farming, which reduces output and 
efficiency. Most mentha farming remains labor-intensive, 
involving repetitive tasks like planting, harvesting, and post-
harvest processing. Limited access to mechanized equipment, 
such as automated planters, harvesters, and distillation units, 
raises labor costs and reduces operational efficiency. This lack 
also hinders large-scale cultivation and slows responses to 
market and climate challenges (Anas&Abusad, 2022). 
Additionally, many farmers rely on traditional irrigation methods 
like flood irrigation, which wastes water, increases evaporation, 
and causes uneven distribution—ultimately affecting crop health 
and yield. The lack of advanced irrigation systems like drip or 
sprinkler systems worsens water stress in areas with erratic 
rainfall or scarcity (Babu et al., 2023). Modern irrigation 
technologies can significantly improve water use efficiency, 
salinity control, and crop productivity. Targeted interventions 
are needed to promote mechanization and efficient irrigation in 
mentha cultivation. Adoption can be encouraged through 
government subsidies, training programs, and affordable credit. 
Moreover, research tailored to mentha’s agronomic needs can 
accelerate integration of modern tools, enhancing productivity 
and sustainability (Gupta et al., 2023). A major barrier to 
sustainable intensification is the sluggish adoption of advanced 
farming technologies. Despite the potential of biotechnology, 
digital tools, and precision agriculture, many mentha farmers 
are unable or unwilling to adopt them due to financial 
constraints, limited infrastructure, and knowledge gaps 
(Sanghera et al., 2020). Precision tools like soil moisture sensors, 
remote sensing, and data-driven crop management can optimize 
input use and yields, but adoption remains low due to high 
upfront costs and limited awareness. The lack of training 
programs and weak extension services further hinder technology 
dissemination (Sishodia et al., 2020). Promising biotechnological 
tools, such as genome editing and GM varieties, are still 
underutilized due to regulatory barriers, market concerns, and 
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lack of awareness (Gupta et al., 2023). To accelerate technology 
adoption, policies should reduce entry barriers through public-
private partnerships, targeted extension services, and accessible 
financing. Including farmers in innovation networks and 
designing region-specific, affordable technologies will be crucial 
for advancing sustainable mentha cultivation. 

1.2 EnvironmentalChallenges: 
For mentha cultivation, climate variability and extreme weather 
events pose serious environmental challenges that significantly 
impact crop productivity and sustainability. Mentha is highly 
sensitive to climate changes, especially fluctuations in 
temperature, erratic rainfall, and extreme events like droughts, 
floods, and storms. These conditions can reduce yields, alter 
essential oil composition, and cause crop failure (Yadav et al., 
2024). Rising temperatures due to climate change can stress 
mentha plants, affecting transpiration, photosynthesis, and 
water uptake. Heat stress, especially during extreme heat 
events, can cause wilting, stunted growth, and reduced oil 
content. Irregular rainfall and dry spells worsen water scarcity, 
restricting mentha’s ability to thrive. Conversely, heavy rainfall 
and flooding can lead to waterlogging, damaging roots and 
encouraging soil-borne pests and diseases (Aishwath et al., 
2016). Extreme weather also threatens infrastructure like 
transport routes, storage, and irrigation, disrupting supply 
chains.To address these issues, climate-resilient practices must 
be adopted. These include heat- and drought-tolerant mentha 
cultivars, soil conservation techniques, and water-efficient 
irrigation systems (Moshrefi et al., 2023). Integrating climate-
smart approaches like crop diversification and agroforestry can 
also strengthen resilience.Another major concern is the declining 
availability of water for irrigation, especially where consistent 
water is critical for mentha yield. Climate change, over-
extraction of groundwater, and poor water management reduce 
water accessibility, putting stress on agricultural systems 
(Chrysargyris et al., 2021). As a water-intensive crop, mentha 
requires steady water access during the growing season. Any 
supply interruption can significantly reduce yield and quality. 
Groundwater depletion, worsened by inefficient irrigation like 
flood methods, heightens water scarcity (Brar et al., 2021). 
Droughts and erratic rainfall further limit irrigation potential. 
Moreover, inadequate irrigation causes soil salinization and 
fertility loss, impacting long-term soil health. High salinity 
disrupts nutrient uptake and plant vigor, posing a serious 
challenge to mentha growth (Mohanavelu et al., 2021).Adopting 
efficient irrigation systems like drip and sprinkler methods 
ensures targeted water delivery, reduces waste, and promotes 
conservation. Rainwater harvesting and precision irrigation 
technologies can alleviate water scarcity (Campisano et al., 
2017). In water-stressed areas, climate-smart practices such as 
mulching and soil moisture retention enhance water-use 
efficiency and support sustainable mentha cultivation. 

1.3 PolicyandInstitutionalChallenges: 

Insufficient government assistance, especially in the form of 
insurance plans and subsidies, is a major institutional and policy 
obstacle to the long-term growth of mentha farming. Even 
though mentha is a valuable aromatic and medicinal crop, 
farmers frequently lack access to financial support and risk-
reduction resources needed to sustain livelihoods amid 
agricultural uncertainties (Singh et al., 2024). In many areas, 
subsidies for essential inputs like seeds, fertilizer, pesticides, 
and irrigation equipment remain inadequate or poorly 
targeted, placing a burden on smallholders. 
The absence of comprehensive subsidies limits access to quality 
inputs crucial for boosting productivity and reducing cultivation 
costs (Rhioui et al., 2024). Consequently, many farmers cannot 
invest in climate-resilient crops or modern technologies, leaving 
them vulnerable to pests, market volatility, and environmental 
stressors. Without strong crop insurance programs, financial risks 
from extreme weather, pests, and diseases increase. Farmers 
lacking sufficient insurance coverage struggle to recover from 
losses, making reinvestment difficult (Macaluso et al., 2024). 
Reforming agricultural policies to provide specialized, 
accessible, and long-term support systems for mentha farmers is 
essential (Stevanovic&Pljevljakusic, 2015). Key steps include 
enhancing input subsidies, promoting crop insurance tailored to 
mentha, and improving access to credit. Strengthening extension 
services to provide timely information on farming practices, 
market dynamics, and risk management will further boost 
farmers' resilience (Singh et al., 2024).One major issue impeding 
sustainable mentha cultivation is the ineffectiveness of 
agricultural extension services and the scarcity of specialized 
training. Effective extension is vital for disseminating knowledge 
on sustainable practices, pest control, and innovative 
technologies. However, these services are often underfunded, 
understaffed, or poorly equipped, particularly in rural areas. As 
a result, farmers lack access to essential guidance for improving 
productivity and sustainable farm management 
(Kadoglidoum&Chatzopoulou, 2023). The problem is compounded 
by the absence of training programs tailored to mentha. General 
agricultural training often overlooks mentha-specific needs such 
as post-harvest processing, irrigation, and pest control 
(Durotoye, 2014).The slow dissemination of research findings and 
weak collaboration between farmers, academia, and research 
institutions further widen the knowledge gap, limiting farmers’ 
capacity to adapt to emerging challenges (Zhou et al., 2024). 
Strengthening extension services through investment in 
infrastructure, regional capacity building, and development of 
customized extension materials is critical. Additionally, 
implementing practical training programs focused on pest 
management, modern irrigation, and market strategies can 
enhance sustainability and resilience (Che’Ya et al., 2022). 
Fostering stronger ties between academic institutions and 
farming communities will help translate research into real-world 
applications. 

2. Strategiesand Solutions 
 

Challenge ProposedSolution ExpectedBenefits Implementation 
Region 

Soil Fertility Use of soil Improve soil Western Uttar 

Issues conditioners (gypsum, lime, 
biochar). 

d 
structure 

and Pradesh 

  fertility.  

 Promotionoforganicmanure 
and biofertilizers. 

Enhanced crop 
yieldandquality. 

Assam 

WaterScarcity Adoptionofdripandsprinkler 
irrigationsystems. 

Reduced 
wastage. 

water Bundelkhand, 
UttarPradesh 
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 Training on Better crop  

water conservation techniques resilience during 

(e.g., mulching, dryspells.  

rainwater 
harvesting). 

  

PestandDisease ImplementationofIntegrated Reduced  Tarai belt, 

Outbreaks Pest Management (IPM). dependency on Uttarakhand  

  chemical    

  pesticides.    

 Use of disease-resistant 
menthavarieties. 

Sustainable pest 
controlmeasures. 

 

Price Fluctuations Establishment of 
Producer Organizations (FPOs). 

Farmer Stable and 
predictableincome for 
farmers. 

Barabanki, Uttar Pradesh 

 Promotionofcontractfarming. Strongerbargaining 
Power in markets. 

 

Limited Mechanization Subsidiesformentha-specific 
equipment (e.g., distillation 
units,weeders). 

Reduced costs. labor Haryana 

 Training programs on 
mechanized farming. 

Improved efficiency in 
menthacultivation. 

 

Climate Variability Developmentanddistribution of drought-
resistant mentha varieties. 

Resilience to 
extreme 
weather conditions. 

Rajasthan 

 Crop insurance to mitigate 
losses. 

Reduced financial 
risks for farmers. 

 

Weak Extension Establishment of Enhanced Chhattisgarh 

Services dedicated mentha resource farmer knowledge  

 centers.   

  and  

  skillsets.  

 Strengthening agricultural 
extensionservices. 

Fasteradoptionof 
bestpractices. 
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Table2:StrategiesandSolutionstoOvercomeChallengesin 
MenthaCultivation 

2.1 TechnologicalInnovations: 
To overcome the difficulties mentha farmers face—especially in 
light of climate change, water scarcity, and the demand for 
higher productivity—better cultivation methods must be 
implemented as shown in Table 2. The creation and application 
of drought-resistant mentha cultivars is one of the most 
promising solutions. These genetically modified or selected 
varieties significantly increase crop resilience in drought-prone 
areas (Anwar et al., 2019). Drought-resistant cultivars help 
maintain yield stability and reduce farmers’ vulnerability to 
water stress. To maximize water use and ensure sustainability, 
efficient irrigation systems must be paired with these cultivars. 
Techniques like drip and sprinkler irrigation improve water-use 
efficiency by delivering water directly to plant roots, thereby 
conserving water and mitigating scarcity impacts (Brar et al., 
2021). Precision irrigation systems further enhance water 
conservation by optimizing schedules based on soil moisture 
data. Integrating these systems with precision agriculture 
technologies—such as soil sensors and weather forecasting tools—
can help farmers increase productivity, reduce input costs, and 
ensure long-term viability (Renu, 2022).Government subsidies, 
incentives, and extension services are essential to promote 
widespread adoption, particularly among smallholders (Salehi et 
al., 2018). Partnerships between private companies, farmer 
groups, and research institutions can further develop affordable, 
region-specific solutions. Promoting organic farming methods 
and Integrated Pest Management (IPM) is also key to improving 
sustainability and addressing concerns about pesticide use and 
environmental degradation. These methods improve 
agroecosystem health, enhance pest control, and ensure long-
term viability (Salehi et al., 2018). IPM integrates various 
techniques to minimize pesticide reliance. It emphasizes 
prevention through cultural practices like crop rotation and 
intercropping, as well as biological control using natural 
predators (Rhioui et al., 2024). Targeted use of chemical 
pesticides, pheromone traps, and biopesticides ensures effective 
control with minimal ecological disruption.Organic farming 
practices meet growing consumer demand for pesticide-free 
products while enhancing soil fertility, biodiversity, and water 
retention (Costa et al., 2023; Chrysargyris et al., 2021). Natural 
inputs such as compost, organic fertilizers, and neem-based 
pesticides help reduce environmental harm and pesticide 
residues in mentha, increasing its marketability. Extension 
services, workshops, and demonstration plots are necessary to 
train farmers in IPM and organic methods. Supportive policies 
providing financial aid, certification programs, and incentives 
are also needed to facilitate adoption (Sekabira et al., 2022). 
Collaborations between farmer organizations, certification 
bodies, and research institutions will promote knowledge 
exchange and accelerate the transition to sustainable, 
profitable mentha farming. Incorporating IPM and organic 
approaches can enhance productivity, environmental 
sustainability, and market competitiveness (Rejesus et al., 
2020). 

2.2 ExtensionServices: 
To solve the issues mentha farmers face and increase their 
ability to implement creative, sustainable farming methods, it is 
imperative that farmer training programs and knowledge-sharing 
platforms be strengthened. By providing farmers with the 
knowledge, tools, and resources they need to increase 
productivity and negotiate contemporary agricultural systems, 
effective extension services are essential in closing the gap 
between research institutions and farmers 
(Kadoglidou&Chatzopoulou, P. 2023). Farmer training 
programs should be thorough, region-specific, and practical. 
In addition to teaching the technical aspects of mentha 
cultivation, these programs ought to develop farmers' 
business acumen by teaching pricing strategies, post-harvest 
management, and market trends (Lothe et al., 2021). Training 
should be provided through workshops, field demonstrations, 
and on-site visits. The creation of digital platforms and mobile-
based tools can extend training outreach by providing remote, 
on-demand access (Willingham et al., 2015). Sharing of 

knowledge platforms are crucial for fostering cooperation among 
farmers, researchers, and extension agents. Social media groups 
and farmer-led networks can promote best practices and 
regional solutions (Balyan et al., 2024). Creating FPOs or 
agricultural cooperatives can help advocate for better policies 
and decisions. Extension agents should be well-versed in 
traditional and modern methods (Masambuka et al., 2020). 
Locally sensitive services ensure region-specific solutions. 
Strengthening training and knowledge sharing helps farmers 
lower risks and improve decision-making (Tulinayo et al., 
2022).Improving crop yields and modernizing mentha cultivation 
depend on expanding access to precision farming. Technologies 
such as soil sensors, automated irrigation, and GPS-based tools 
allow farmers to optimize inputs while preserving the 
environment (Carpenter & Carpenter, 2023). However, adoption 
is hindered by high costs and lack of awareness. Targeted 
subsidies and field demonstrations are crucial (Bloom et al., 
2019). Demonstration programs allow farmers to observe the 
impact of technologies like soil moisture sensors and yield-
monitoring systems. These promote experiential learning and 
adoption (Pal et al., 2015).Financial assistance is essential to 
overcome cost barriers. Government subsidies or low-interest 
loans can help farmers acquire drones, irrigation systems, and 
testing tools (Finger et al., 2019). Collaborations among research 
institutions, local governments, and equipment manufacturers 
can further lower costs (Mohamed et al., 2021). These efforts 
must be paired with training and support. Extension agents 
should be trained to help farmers integrate precision farming 
tools (Dang &Motohashi, 2015). These technologies increase 
profitability, reduce waste, and enhance sustainability in 
mentha farming. 

2.2 GovernmentandInstitutionalSupport: 
To reduce the financial risks involved in mentha cultivation and 
ensure farmers have the resources to adopt sustainable farming 
methods and technological advancements, it is imperative that 
subsidies, financial aid, and crop insurance programs be 
expanded (Salehi et al., 2018). These mechanisms offer crucial 
financial buffers for mentha farmers, especially smallholders 
who face capital constraints, market volatility, and 
environmental risks. Input subsidies for seeds, fertilizers, and 
pesticides can ease the burden of high input costs and enhance 
profitability. Targeted subsidies may also promote the adoption 
of sustainable practices such as integrated pest management and 
organic fertilizers (Kumar, 2015). Additionally, support for 
advanced technologies like soil sensors and precision irrigation 
can improve resource efficiency and productivity while reducing 
environmental impacts (Júnior et al., 2024). Financial aid and 
low-interest loans help farmers manage cash flow, particularly 
during off-seasons or in response to unexpected events like pest 
outbreaks or climate anomalies. Access to credit enables 
investments in equipment, infrastructure, and training programs 
(Soriano et al., 2022). Crop insurance plans are vital for 
protecting mentha farmers from climate-related hazards such as 
droughts and floods. Expanding such programs helps mitigate 
financial losses and encourages farmers to adopt innovative 
practices despite associated risks (Hussain, 2022).Alongside 
financial tools, policy reforms that enhance market access, 
ensure fair pricing, and reduce transaction costs are essential 
(Paliwal, 2023). Infrastructure development—such as storage, 
transportation, and processing facilities—supports a more 
favorable farming environment. These efforts collectively 
bolster productivity and profitability in mentha farming (Rhioui 
et al., 2024). Strengthening market infrastructure and fair 
pricing mechanisms enhances the economic sustainability of 
mentha cultivation. Efficient markets reduce transaction costs 
and promote price stability. Farmers benefit from improved 
access and fair pricing, encouraging the continued cultivation of 
mentha (Kumari et al., 2024). Modern infrastructure—like cold 
storage and packaging—minimizes post-harvest losses, while 
improved roads and logistics ensure timely delivery (Salehi et 
al., 2018). Developing value-added mentha products, such as 
essential oils and herbal teas, can diversify farmer income 
(Grigore et al., 2016). Transparent pricing systems and minimum 
support prices (MSPs) help counteract market volatility (Singh et 
al., 2024). Digital platforms for real-time pricing, cooperatives, 
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and Farmer Producer Organizations (FPOs) enhance negotiation 
power, reduce reliance on intermediaries, and facilitate market 
expansion. Government support for FPOs can provide mentorship 
and access to finance and marketing (Sumanth et al., 2020). 
These combined measures ensure stable farmer incomes and 
support the long-term sustainability of mentha farming (Arshad 
et al., 2023). 

2.3 SustainablePractices: 
To ensure the long-term viability of mentha cultivation, 
particularly in light of climate change and increasing water 
scarcity, it is imperative to promote water conservation and 
climate-resilient practices (Gendy et al., 2023). Since mentha 
requires substantial water, techniques that reduce water 
consumption while maintaining yield are essential. Incorporating 
climate-resilient practices helps farmers adapt to changing 
weather patterns, ensuring consistent yields and safeguarding 
livelihoods (Mumivand et al., 2023). Water conservation is a vital 
component of sustainable mentha farming. Efficient water 
management not only conserves resources but also mitigates 
environmental impacts. Techniques like drip irrigation minimize 
water waste by delivering water directly to plant roots. 
Rainwater harvesting systems provide supplemental water during 
dry spells (Gholamipourfard et al., 2021). Mulching and soil 
moisture retention methods further reduce evaporation losses, 
particularly useful in water-scarce areas.Climate-resilient 
strategies are crucial to buffer mentha crops against rising 
temperatures, erratic rainfall, and extreme weather (Gupta et 
al., 2023). Cultivating stress-tolerant mentha varieties and 
developing resilient cultivars are central to maintaining 
productivity (Gendy et al., 2023). Agroforestry practices—
integrating trees into mentha fields—can provide shade, reduce 
soil erosion, and improve soil fertility, all while enhancing 
biodiversity and resilience to climatic extremes (Dissanayaka et 
al., 2024). Integrated Water Resource Management (IWRM) 
ensures sustainable water use across sectors by coordinating 
domestic, industrial, and agricultural needs. Crop rotation 
and the use of complementary low-water-demand crops help 
lower irrigation needs (Xiang et al., 2021). Early warning systems 
and climate forecasting tools further support irrigation planning 
and pest management, improving resilience (KC, 2016).To ensure 

both environmental and economic sustainability, promoting 
organic and eco-friendly farming is essential. Organic practices 
reduce environmental harm, including soil erosion, water 
contamination, and biodiversity loss, by relying on natural inputs 
and ecological processes (Marcelino et al., 2023). These methods 
also meet rising consumer demand for sustainable, chemical-free 
products, offering farmers premium market opportunities. 
Organic mentha farming favors alternatives to synthetic 
agrochemicals. Organic fertilizers such as compost and manure 
enhance soil fertility without ecological risks. These inputs 
improve nutrient cycling, boost soil biodiversity, and safeguard 
long-term soil health. They also reduce chemical runoff, 
protecting ecosystems and water bodies (Singh et al., 
2020).Biological pest control, such as using beneficial insects and 
plant-based biopesticides, is central to organic systems. 
Integrated pest management (IPM) combines biological, 
mechanical, and cultural controls for holistic pest suppression 
(Baker et al., 2020). For instance, neem oil or predators like 
ladybugs control pests effectively without harming health or the 
environment (Muneret et al., 2018). Conservation tillage 
enhances organic matter and water infiltration, while reducing 
erosion and preserving soil structure (Ahmad et al., 2020). It also 
supports moisture retention in water-limited regions. Crop 
diversification and agroecological practices reduce 
dependency on chemicals and improve soil health. 
Intercropping with legumes like pulses fixes nitrogen and 
decreases fertilizer needs (Kakraliya et al., 2018). Cover crops 
and organic mulches further conserve moisture and improve soil 
quality.Fair Trade and eco-certifications incentivize sustainable 
practices by offering farmers access to niche markets and 
premium prices (Fallah et al., 2024). Promoting these methods 
not only boosts environmental sustainability but also improves 
farmer income and long-term productivity (Kumar et al., 2021). 
Furthermore, reduced chemical exposure benefits consumers 
and aligns mentha production with broader sustainable 
agriculture goals. By embracing organic and eco-friendly 
farming, mentha cultivation can thrive in harmony with the 
environment—benefiting ecosystems, farmers, and consumers 
alike. 

 

Fig.1StrategicFrameworkforSustainableMentha Cultivation 
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In conclusion, agronomic, economic, technological, 
environmental, and institutional barriers are just a few of 
the numerous obstacles that mentha cultivation must 
overcome to achieve sustainability and productivity. 
Significant challenges for farmers include problems with soil 
fertility, water scarcity, pest and disease outbreaks, and 
climate change. The economic strains are further 
compounded by volatile market prices, high input costs, and 
narrow profit margins. These problems are made worse by 
technological gaps, such as slow adoption of advanced 
farming techniques and limited mechanization. The adoption 
of sustainable practices is further hampered by the 
persistence of these issues, which are also exacerbated by 
insufficient government assistance and poor agricultural 
extension services. Improved extension services stand out 
among these complex issues as being essential to removing 
the obstacles mentha farmers face. Extension services are 
essential for closing the knowledge gap, promoting 
information sharing, and equipping farmers with the skills 
and methods they need to overcome financial and agronomic 
challenges. Governments and organizations can give farmers 
prompt access to scientific knowledge, best farming 
practices, and cutting-edge technologies that increase crop 
yield and sustainability by bolstering these 
services.Promoting training initiatives, demonstration farms, 
and the sharing of knowledge specific to a given area will 
enable mentha farmers to adjust to changing obstacles, 
especially those pertaining to market accessibility, soil 
health, water management, and pest control. Furthermore, 
expanding access to climate-resilient cultivars, modern 
farming equipment, and organic farming methods will help 
reduce environmental hazards and increase the mentha 
industry's long-term sustainability.In conclusion, a 
comprehensive strategy is needed to address the difficulties 
associated with mentha cultivation, with a particular focus 
on bolstering extension services. Mentha cultivation can be 
made into a more resilient, lucrative, and sustainable 
agricultural practice by providing farmers with the required 
tools, information, and assistance. This will benefit farmers 
as well as the larger agricultural industry. 

 
• ... & Man, N. (2022). Mobile computing for pest and 

disease management using spectral signature 
analysis: A review. Agronomy, 12(4), 967. 

• .Campisano, A., Butler, D., Ward, S., Burns, M. J., 
Friedler, E., DeBusk, K., ...& Han, M. (2017). Urban 
rainwater harvesting systems: Research, 
implementation and future perspectives. Water 
research, 115, 195-209. 

• Abdulsamad, A., Stokes, S., &Gereffi, G. (2015). 
Public-private partnerships in global value chains: 
Can they actually benefit the poor?.United States 
Agency for International Development-Leveraging 
Economic Opportunities Report, (8). 

• Ahmad, N. S. B. N., Mustafa, F. B., &Didams, G. 
(2020). A systematic review of soilerosion control 
practices on the agricultural land in Asia. 
International Soil and Water Conservation Research, 
8(2), 103-115. 

• Aishwath, O. P., &Lal, R. A. T. T. A. N. (2016). 
Resilience of spices, medicinal and aromatic plants 
with climate change induced abiotic stresses. Annals 
of Plant and Soil Research, 18(2), 91-109. 

• Anas, M., &Abusad.(2022). Mechanization of 
Peppermint Oil Extraction Plant of Rural India. 
InMachines, Mechanism and Robotics: Proceedings of 
iNaCoMM 2019 (pp. 1575- 1584). Springer Singapore. 

• Anjum, F., Muhammad, S., Siddiqui, B. N., Anjum, 
M. S., &Yaseen, M. (2024). A cost- benefit analysis of 
essential oil extraction technology of aromatic plants 
in Pothwar Punjab, Pakistan. Industrial Crops and 
Products, 218, 118983. 

• Anwar, F., Abbas, A., Mehmood, T., Gilani, A. H., 

&Rehman, N. U. (2019). Mentha: A genus rich in vital 
nutra‐pharmaceuticals—A review.Phytotherapy 
Research,33(10), 2548- 2570. 

• Arshad,M.K.,Fatima,I.,Ahmad,W.,Ellahi,S.,Mumtaz,M.,
Akhtar,M.U.,...&Siddique, 

• Babu, J. S., Ch, S. C., Bhattacharyya, D., &Byun, Y. 
(2023). Estimating the Crop 
AcreageofMentholMintCropfromRemoteSensingSatelli
teImageryUsing ANN. Agronomy, 13(4), 951. 

• Baker, B. P., Green, T. A., &Loker, A. J. (2020). 
Biological control and integrated pest management 
in organic and conventional systems. Biological 
Control, 140, 104095. 

• Balkrishna, A., Arya, V., & Singh, S. K. (2023). 
Minimum support price under the aegis of 
universalbasicincome:Understandingtheimplicationsan
dwayforward:A review. BhartiyaKrishiAnusandhanPatrika, 38(3), 227-237. 

• Balyan,S.,Jangir,H.,Tripathi,S.N.,Tripathi,A.,Jhang,T., &Pandey,  P.(2024).Seedinga SustainableFuture:NavigatingtheDigitalHorizonofSmartAgriculture. Sustainability, 16(2), 

• 475. 

• Bloom, N., Van Reenen, J., & Williams, H. 
(2019).A toolkit of policies to promote 
innovation.Journal of economic perspectives, 33(3), 
163-184. 

• Brar, A. S., Buttar, G. S., Singh, M., Singh, S., 
&Vashist, K. K. (2021). Improving bio- physical and 
economicwaterproductivityofmentholmint(Menthaarv
ensis L.)through drip fertigation. Irrigation Science, 
39, 505-516. 

• Carpenter, J., & Carpenter, M. (2015).The Organic 
Medicinal Herb Farmer: The Ultimate Guide to 
Producing High-quality Herbs on a Market Scale. 
Chelsea Green Publishing. 

• Carrubba, A., Lo Verde, G., & Salamone, A. (2015). 
Sustainable weed, disease and pest management in 
medicinal and aromatic plants. Medicinal and 
Aromatic Plants of the World: Scientific, Production, 
Commercial and Utilization Aspects, 205-235. 

• Che’Ya, 
N.N.,Mohidem,N.A.,Roslin,N.A.,Saberioon,M.,Tarmidi,
M.Z.,ArifShah,J., 

• Chrysargyris, A., Koutsoumpeli, E., Xylia, P., Fytrou, 
A., Konstantopoulou, M., &Tzortzakis, N. (2021). 
Organic cultivation and deficit irrigation practices to 
improvechemical and biological activity of 
Menthaspicata plants. Agronomy, 11(3), 599. 

• Costa, C. A., Guiné, R. P., Costa, D. V., Correia, H. 
E., & Nave, A. (2023). Pest control in organic 
farming.InAdvances in Resting-state Functional MRI 
(pp. 111-179). Woodhead Publishing. 

• Dajic-Stevanovic, Z., &Pljevljakusic, D. 
(2015).Challenges and decision making in cultivation 
of medicinal and aromatic plants.Medicinal and 
Aromatic Plants of the World: Scientific, Production, 
Commercial and Utilization Aspects, 145-164. 

• Dang, J., &Motohashi, K. (2015). Patent statistics: A 
good indicator for innovation inChina? Patent subsidy 
program impacts on patent quality. China Economic 
Review,35, 137- 155. 

• de Oliveira, M. D. N. T. (2021). How to Implement 
and Develop a Profitable Lavender Essential Oil 
Business in Portugal? (Master's thesis, Universidade 
NOVA de Lisboa (Portugal)). 

• Dissanayaka,D.M.N.S.,Udumann,S.S., 
&Atapattu,A.J.(2024). SynergiesBetween Tree Crops 
and Ecosystems in Tropical Agroforestry. 
Agroforestry, 49-87. 

• Durotoye, A. (2014). The crisis of youth 
unemployment in the MINT countries: causes, 
consequences and corrections. The Crisis of Youth 
Unemployment in the MINT Countries: Causes, 
Consequences and Corrections, 6(24), 1-14. 

• ElGendy,A.N.G., 
Fouad,R.,Omer,E.A.,&Cock,I.E.(2023).EffectsofClima
teChange on Medicinal Plants and Their Active 

    CONSLUSION 

    REFERENCES 



 920  

Constituents. In Climate-Resilient Agriculture, Vol 1: 
Crop Responses and Agroecological Perspectives (pp. 
125-156). Cham: Springer International Publishing. 

• Fallah, S., Ghanbari-Odivi, A., Rostaei, M., Maggi, F., 
&Shahbazi, E. (2024).Improvement of production and 
quality of essential oils in multi-cut peppermint 
(Mentha x piperita L.) througheco-
friendlyfertilizersinthesemi-
aridhighlands.IndustrialCropsand  Products,  216, 
118801. 
Finger, R.,Swinton,S.M.,ElBenni,N., &Walter, A.(2019).Precisionfarmingatthe nexus ofagriculturalproductionandtheenvironment.AnnualReviewofResource Economics, 11(1), 
313-335. 

• Gholamipourfard, K., Salehi, M., & Banchio, E. 
(2021). Menthapiperita phytochemicals in 
agriculture, food industry and medicine: Features 
and applications. South African Journal of Botany, 
141, 183-195. 

• Grigore, A., Pirvu, L., Bubueanu, C., Colceru-Mihul, 
S., Ionita, C., &Ionita, L. (2016).Medicinal plant 
crops-important source of high value-added 
products.Scientific Papers. Series A. Agronomy, 59. 

• Gupta, I., Singh, R., Muthusamy, S., Sharma, M., 
Grewal, K., Singh, H. P., &Batish, D. R. (2023). 
Plant essential oils as biopesticides: Applications, 
mechanisms, innovations, andconstraints. Plants, 
12(16), 2916.. 

• Gupta, S., Kumar, A., Gupta, A. K., Jnanesha, A. C., 
Talha, M., Srivastava, A., & Lal, R. K. (2023). 
Industrial mint crop revolution, new opportunities, 
and novel cultivation ambitions:A review. Ecological 
Genetics and Genomics, 27, 100174. 

• Hussain, M. (2022). Analyzing the factors affecting 
the credit decision of farmers and bankers in 
Kumauni Division of Uttarakhand. SKUAST Journal of 
Research, 24(3), 358–363. 
https://doi.org/10.5958/2349-297X.2022.00055.1 

• Júnior, M. R. B., de Almeida Moreira, B. R., dos 
Santos Carreira, V., de Brito Filho, A. L., Trentin, C., 
de Souza, F. L. P., ...&Shiratsuchi, L. S. (2024). 
Precision agriculture in the United States: A 
comprehensive meta-review inspiring further 
research, innovation, and adoption. Computers and 
Electronics in Agriculture, 221, 108993. 

• K. (2021). Maximizing yields and economics by 
supplementing additional nutrients for commercially 
grown menthol mint (Menthaarvensis L.) cultivars. 
Industrial Crops and Products, 160, 113110. 

• Kadoglidou, K. I., &Chatzopoulou, P. 
(2023).Approaches and Applications of Mentha 
Species in Sustainable Agriculture.Sustainability, 
15(6), 5245. 

• Kakraliya,S.K.,Singh,U.,Bohra,A.,Choudhary, 
K.K.,Kumar,S.,Meena,R. S.,&Jat,M. 

• KC, B. (2016).Irrigation scheduling: a soft adaptor to 
weather uncertainties and irrigation efficiency 
improvement initiatives (Doctoral dissertation, 
Lincoln University). 

• Keshavarz‐Mirzamohammadi, H., Tohidi‐Moghadam, 
H. R., &Hosseini, S. J. (2021). Isthere any 
relationship between agronomic traits, soil 
properties and essential oil profile of 
peppermint(MenthapiperitaL.)treatedbyfertilisertrea
tmentsandirrigation regimes?.Annals of Applied 
Biology, 179(3), 331-344. 

• Kumar, D., Kumar, R., Singh, A. K., Verma, K., 
Singh, K. P., Kumar, A., ...& Singh, S. (2021). A 
novel and economically viable agro-technique for 
enhancing productivity and 
resourceuseefficiencyinmentholmint(MenthaarvensisL
.). IndustrialCropsand Products, 162, 113233. 

• Kumar,D.,Punetha, A.,Verma, P.P.,&Padalia,R. 
C.(2022). Micronutrientbased approach to increase 
yield and quality of essential oil in aromatic crops. 
Journal of Applied Researchon Medicinal and 
Aromatic Plants, 26, 100361. 

• Kumar,R.(2015).Riskingthefarm:Willthesmallholdersurv
ive?. 

• Kumari, M. B., Gupta, L., Rani, R., & Neha, R. K. Y. 
(2024). Crafting Responsibility: Strategies for 
Balancing Economic Growth with Public Health and 
Environmental Sustainability in India’s Liquor Sector. 

• Kushwaha, A., Wasnik, K., Kumar, D., Pandey, M., 
Nannaware, A. D., &Verma, R. K. (2024).On-farm 
energy input-output and economic analysis of 
important essential oil- bearing Mint species in 
subtropical India.Energy Conversion and 
Management: X,23, 100617. 

• L. (2018). Nitrogen and legumes: a meta-analysis. 
Legumesforsoil health and sustainablemanagement, 
277-314. 

• Lothe,N.B.,Mazeed,A.,Pandey,J.,Patairiya,V.,Verma,K
.,Semwal,M.,...&Verma,R. 

• M. B. (2021). Smart farming for improving agricultural 
management.The Egyptian Journal of Remote 
Sensing and Space Science, 24(3), 971-981. 

• Macaluso, D., Licciardo, F., & Carbone, K. (2024). 
Farming of Medicinal and Aromatic Plants in Italy: 
Structural Features and Economic Results. 
Agriculture, 14(1), 151. 

• Mahajan, M., & Pal, P. K. (2023). Drought and 
salinity stress in medicinal and aromatic plants: 
Physiological response, adaptive mechanism, 
management/amelioration 
strategies,andanopportunityforproductionofbioactive compound Advancesin Agronomy,182,221- 273. 

• Marcelino, S., Hamdane, S., Gaspar, P. D., & Paço, 
A. (2023). Sustainable agricultural practices for the 
production of medicinal and aromatic plants: 
Evidence and recommendations. Sustainability, 
15(19), 14095. 

• Marino, S., Ahmad, U., Ferreira, M. I., &Alvino, A. 
(2019).Evaluation of the effect of irrigation on 
biometric growth, physiological response, and 
essential oil of Menthaspicata (L.).Water, 11(11), 
2264. 

• Masambuka-Kanchewa, F., Lamm, K., &Lamm, A. 
(2020). Beyond diffusion of improved technologies to 
promoting innovation creation and information 
sharing for increased agricultural productivity: A 
case study of Malawi and Kenya. Journal of 
International Agricultural and Extension Education, 
27(1), 79-92. 

• Meng, Y. (2023). SC-CO2 Processing: Extraction, 
Scale-up and Impregnation of Essential Oil from 
Mentha× piperita. 

• Mohamed,E.S.,Belal,A.A.,Abd-Elmabod,S.K.,El-
Shirbeny,M.A.,Gad,A.,&Zahran, 

• Mohanavelu, A., Naganna, S. R., & Al-Ansari, N. 
(2021). Irrigation induced salinity and sodicity 
hazards on soil and groundwater: An overview of its 
causes, impacts and mitigation strategies. 
Agriculture, 11(10), 983. 

• Molaei, B., Peters, R. T., Mohamed, A. Z., &Sarwar, 
A. (2021). Large scale evaluation of a LEPA/LESA 
system compared with MESA on spearmint and 
peppermint. Industrial Crops and Products, 159, 
113048. 

• Moshrefi-Araghi, A., Nemati, H., Azizi, M., Hadian, 
J., Moshtaghi, N., & Shoor, M. (2023). Screening of 
distributed horsemint (Menthalongifolia L.) 
accessions for agricultural drought tolerance based 
on biological responses. ActaPhysiologiaePlantarum, 
45(11), 130. 

• Mumivand, H., Izadi, Z., Amirizadeh, F., Maggi, F., 
&Morshedloo, M. R. (2023). Biochar amendment 
improves growth and the essential oil quality and 
quantity of peppermint (Mentha× piperita L.) grown 
under waste water and reduces environmental 
contamination from waste water disposal. Journal of 
Hazardous Materials, 446, 130674. 



 921  

• Muneret, L., Mitchell, M., Seufert, V., Aviron, S., 
Djoudi, E. A., Pétillon, J., ...&Rusch, A. (2018). 
Evidencethatorganic farming 
promotespestcontrol.Nature sustainability,1(7), 
361-368. 

• Pal, A. K., Mohanty, A. K., &Devarani, L. (2015).Gap 
analysis in adoption of scientific 
Mentha(Menthaaravensis) cultivation in Uttar 
Pradesh.Indian Res. J. Ext. Educ, 15(2), 1-6. 

• Paliwal, S. (2023).A Study on Value Chain of 
Medicinal and Aromatic Crops in Garhwal Division of 
Uttarakhand(Doctoral dissertation, GB Pant 
University of Agriculture & Technology, Pantnagar-
263145).Pandey, R., &Hembram, S. (2025). Pests and 
Diseases of Some Commercial Medicinal and Aromatic 
Plants and Their Management.InBioprospecting of 
Ethnomedicinal Plant Resources (pp. 375-397).Apple 
Academic Press. 

• Parrey, Z. A., Islam, S., Shah, S. H., & Mohammad, 
F. (2023). Agronomical strategies to improve growth, 
physio-biochemistry, yield and quality attributes of 
mint plants under the 
variedenvironmentalconditions:Areview. 
JournalofSoilScienceandPlant Nutrition, 23(2), 1489-
1514. 

• Rathore, R. Production and marketing of medicinal 
and aromatic plants: prospects and constraints-A 
review. 

• Rejesus, R. M., & Jones, M. S. (2020). Perspective: 
enhancing economic evaluations and impacts of 
integrated pest management farmer field schools 
(IPM‐FFS) in low‐income countries. Pest Management 
Science, 76(11), 3527-3536. 

• Renu, M. N. (2022). FuturisticScenario of Climate 
ResilientAgricultural and Approaches in Changing 
Climate and Global Warming. AGRICULTURE & FOOD 
E-NEWSLETTER. 

• Rhioui, W., Al Figuigui, J., Lahlali, R., Lahmamsi, H., 
Laasli, S. E., Benabderrahmane, A.,& Belmalha, S. 
(2024). Local Agroecological Practices and Chemical 
Inputs used in Mint Farming Systems, Regions of Fez-
Meknes and Casablanca-Settat, Morocco.Agricultural 
Research, 1-10. 

• Riaz, U., Iqbal, S., Sohail, M. I., Samreen, T., Ashraf, 
M., Akmal, F., ...&Akhter, R. M. (2021). A 
comprehensive review on emerging importance and 
economical potential of medicinal and aromatic 
plants (MAPs) in current scenario. 

• Riudavets, J., Moerman, E., & Vila, E. (2020). 
Implementation of integrated pest and disease 
management in greenhouses: from research to the 
consumer. Integrated Pest and Disease Management 
in Greenhouse Crops, 457-485. 

• Salehi, B., Stojanović-Radić, Z., Matejić, J., 
Sharopov, F., Antolak, H., Kręgiel, D., 

• ...&Sharifi-Rad, J. (2018). Plants of genus Mentha: 
From farm to food factory. Plants, 7(3), 70. 

• Sanghera, G. S., Kumar, A., & Bhatt, R. 
(2020).Prospects of precision farming in sugarcane 
agriculture to harness the potential benefits.Current 
Journal of Applied Science and Technology, 39(2), 
112-125. 

• Sekabira, H., Tepa-Yotto, G. T., Djouaka, R., 
Clottey, V., Gaitu, C., Tamò, M., ...&Ddungu, 

• S. P. (2022). Determinants for deployment of 
climate-smart integrated pest management 
practices: A meta-analysis approach. Agriculture, 
12(7), 1052. 

• Sharma, A., Gumber, K., Gohain, A., Bhatia, T., 
Sohal, H. S., Mutreja, V., &Bhardwaj, G. 
(2023).Importanceofessentialoilsand current 
trendsinuseofessentialoils(aromatherapy, agrofood, 
and medicinal usage).In Essential Oils (pp. 53-
83).Academic Press. 

• Singh, N., Yadav, H. K., &Yadav, S. K. 
(2023).Advances in Medicinal and Aromatic Crop 
Production Technologies.InAdvances in Crop 
Production and Climate Change (pp. 239- 266).CRC 
Press. 

• Singh, P. A., Bajwa, N., Chinnam, S., Chandan, A., 
&Baldi, A. (2022).An overview of some important 
deliberations to promote medicinal plants 
cultivation.Journal of Applied Research on Medicinal 
and Aromatic Plants, 31, 100400. 

• Singh, P. A., Dash, S., Choudhury, A., &Bajwa, 
N. (2024). Factors affecting long-termavailability 
of medicinal plants in India.Journal of Crop Science 
and Biotechnology,27(2), 145-173. 

• Singh, S., Singh, V. P., Nainwal, R. C., Singh, D., 
&Tewari, S. K. (2024). Cultivation of Medicinal and 
Aromatic Plants for Specialty Industrial Materials. In 
Medicinal and Aromatic Plants: Current Research 
Status, Value-Addition to Their Waste, and Agro-
Industrial Potential (Vol II) (pp. 231-241). Cham: 
Springer Nature Switzerland. 

• Singh, T. B., Ali, A., Prasad, M., Yadav, A., 
Shrivastav, P., Goyal, D., &Dantu, P. K.(2020).Role 
of organic fertilizers in improving soil 
fertility.Contaminants in agriculture: sources, 
impacts and management, 61-77. 

• Sishodia, R. P., Ray, R. L., & Singh, S. K. (2020). 
Applications of remote sensing in precision 
agriculture: A review. Remote sensing, 12(19), 3136. 

• Soriano, R. M., Blando, C. G., &Apolonio, K. B. M. 
(2022).Listen to the voice of farmersin the wake of 
pandemic. Journal of Social transformation and 
Education, 3(3), 80-94. 

• Sumanth, N., Sanjay, P., Kaveri, K. R., &Moitreyee, 
S. S. (2020). Saravanan Raj.(2020), Agricultural 
Extension and Support Systems in India: An 
Agricultural Innovation Systems (AIS) Perspective 
(Karnataka, Maharashtra and West Bengal States of 
India)(Vol. 33, No. 36, p. 22). Discussion Paper 20, 
MANAGE-Centre for Agricultural Extension 
Innovations, Reforms and Agripreneurship, National 
Institute of Agricultural Extension Management 
(MANAGE), Hyderabad, India. 

• Surendran, U., Chandran, C., &  
Joseph, E. J. 
(2017). Hydroponic cultivation of 
Menthaspicataandcomparisonofbiochemicalandantioxi
dantactivitieswithsoil-grownplants.Act 
aphysiologiaeplantarum, 39, 1-14. 
Tulinayo, F., Mwesigwa, E., Mugisha, A., &Nyende, 
H. (2022). Explore the factors that influence 
smallholder farmers’ use of ICTs as enablers for 
knowledge sharing. African Journal of Rural 
Development, 7(4), 537-562. 

• W. A. (2023). Mint (Mentha): A Herb and Used as a 
Functional Ingredient. SchInt J Tradit Complement 
Med, 6(3), 38-52. 

• Wei, H., Kong, S., Jayaraman, V., Selvaraj, 
D., Soundararajan, P., &Manivannan, A. 
(2023).MenthaarvensisandMentha×piperita-
vitalherbswithmyriadsofpharmaceutical 
benefits.Horticulturae, 9(2), 224. 

• Willingham, D. T., Hughes, E. M., &Dobolyi, D. G. 
(2015). The scientific status of learning styles 
theories. Teaching of Psychology, 42(3), 266-271. 

• Xiang, X., Li, Q., Khan, S., &Khalaf, O. I. 
(2021).Urban water resource management for 
sustainable environment planning using artificial 
intelligence techniques.Environmental Impact 
Assessment Review, 86, 106515. 

• Yadav, S., Hussain, M., Kumar, S., &Rai, R. K. 
(2024). Economics and marketing of hub and spoke 
based model: A descriptive view of mint business in 
Northern India.Agricultural Economics Journal. 
https://doi.org/10.18805/ag.D-6061 



 922  

• Yankson, P. W., Owusu, A. B., &Frimpong, S. (2016). 
Challenges and strategies for improving the 
agricultural marketing environment in developing 
countries: Evidence from Ghana. Journal of 
agricultural & food information, 17(1), 49-61. 

• Zafar, T., Mehra, A., Das, P., Shaik, B., & Malik, A. 
A. (2024).Demystifying the advanced interventions 
of genetics and modern breeding approaches 
for nutritional security and sustainability of 
neglected and underused crop species 
(NUCS).Genetic Resources and Crop Evolution, 71(2), 
559-577. 

• Zhou, W., Arcot, Y., Medina, R. F., Bernal, J., 
Cisneros-Zevallos, L., &Akbulut, M. E. (2024). 
Integrated pest management: an update on the 
sustainability approach to crop protection. ACS 
omega, 9(40), 41130-41147. 


