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DESCRIPTION

The growing crisis of climate change has cast a long shadow
across all sectors of agriculture, and aromatic crops valued for
their essential oils are no exception. These crops, which include
species like lemongrass (Cymbopogon citratus), lavender (Lavandula
angustifolia), peppermint (Mentha piperita), and basil (Ocimum
basilicum), are sensitive to environmental fluctuations. Their
growth performance and oil yield are highly dependent on
temperature, rainfall, soil moisture, and photoperiod conditions.
With changing global climate patterns, the productivity and
quality of essential oils from these crops are increasingly at risk.

secondary
against
environmental stress. However, these biosynthetic pathways are

Aromatic plants synthesize essential oils as

metabolites, often as a defense mechanism
finely tuned to specific climatic conditions. Any deviation from
the optimal range of temperature or humidity can drastically
affect both biomass production and oil concentration. For
instance, lavender, which thrives in temperate and semi-arid
zones, has shown a marked decline in essential oil content under
heat stress and prolonged drought. Conversely, excessive rainfall
and humidity in areas like the Indian subcontinent have resulted
in fungal infections and reduced oil quality in basil and

lemongrass.

One of the most direct consequences of climate change on
aromatic crops is temperature rise. While a moderate increase in
temperature may initially boost growth in some species,
sustained high temperatures generally lead to plant stress,
reduced biomass, and altered oil composition. In peppermint,
elevated temperatures have been shown to reduce menthol
content its primary commercial compound while increasing
menthone, which is less desirable. Similarly, in citronella, oil
yields decline when temperatures exceed 35°C for prolonged
periods, primarily due to oxidative stress and reduced enzyme
activity in the oil biosynthesis pathway.

In addition to temperature, changes in precipitation patterns
pose a significant threat. require
consistent moisture levels, especially during critical growth

Many aromatic plants

stages. Irregular rainfall marked by both drought and flooding
can hamper root development and disrupt nutrient uptake. In
basil, water stress has been linked to reduced leaf area and
chlorophyll content, thereby impairing photosynthesis and oil
production. Conversely, in crops like vetiver (Chrysopogon
zizanioides), which are more droughttolerant, moderate water
stress can sometimes enhance oil quality, though at the expense
of overall biomass.

Another less discussed but critical factor is the increase in
atmospheric CO: levels. While elevated CO. can stimulate
photosynthesis and vegetative growth in C3 plants, its impact on
oil biosynthesis is more complex. Some studies suggest that
under high COx, there is a dilution effect, where the increased
biomass does not proportionally translate to higher oil content.
Moreover, the relative concentration of individual constituents
in the oil may shift, affecting fragrance and therapeutic
properties. For example, changes in the eugenol-to-methyl-
eugenol ratio in basil have been reported under elevated CO.
conditions, potentially altering its market value and efficacy.

Soil health degradation due to climate-induced erosion,
salinization, and nutrient leaching further complicates the
scenario. Essential oil plants generally require well-drained,
nutrient-rich soils. The increased frequency of extreme weather
events such as heavy rains can lead to waterlogging and root rot,
particularly in crops like patchouli (Pogostemon cablin), where root
health is important for oil production. Soil salinity, especially in
coastal areas affected by rising sea levels, reduces nutrient uptake
and may alter the chemical composition of oils in sensitive
species like fennel (Foeniculum vulgare).

These climatic impacts also have economic and supply chain
repercussions. Aromatic crops are major export commodities for
countries like India, Morocco, and Bulgaria. Declining yields
and inconsistent oil quality threaten both domestic income and
global supply chains. Smallholder farmers, who often cultivate
these crops for supplemental income, are particularly vulnerable.
They typically lack the resources to adapt with technologies such
as protected precision irrigation, or genetic
modification.
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Adaptation strategies are urgently needed to protect aromatic
crop production in the face of climate uncertainty. Breeding and
selecting climate-resilient cultivars with heat and drought
tolerance should be a priority. Some promising approaches
include the use of endophytes and mycorrhizae to improve plant
resilience and the development of Controlled-Environment
Agriculture (CEA) systems for high-value crops. Additionally,
incorporating real-time weather forecasting and mobile advisory
services can help farmers make timely decisions about irrigation,
fertilization, and harvesting to optimize oil yield.

Research into agronomic practices like intercropping, mulching,
and organic amendments can help buffer against climate
extremes while promoting soil health. Shifting to more climate-
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resilient aromatic species based on regional suitability may also
be a viable approach. For instance, arid regions could favor
crops like vetiver or palmarosa (Cymbopogon martinii), which are
more tolerant to drought and high temperatures.

The impact of climate change on the growth and oil yield of
aromatic crops is multifaceted and deeply concerning.
Temperature fluctuations, irregular rainfall, rising CO:z levels,
and deteriorating soil conditions all threaten the sustainability
and profitability of these essential crops. A holistic approach
combining scientific research, technological innovation, policy
support, and farmer education is essential to mitigate these risks
and secure the future of the aromatic plant industry.
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