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Abstract- One of the biggest threats to living things is thought to be climate change. This also applies to aromatic and
medicinal plants. Changes in temperature ranges, weather occurrences, seasonal patterns, and further associated singularities
have all been partially analysed, recorded, and linked to worldwide climate modification. In addition to deteriorating the
quality of vegetation, climate change is creating awful environmental conditions that have a major negative impact on human
health. Our primary goals are to preserve traditional knowledge, teach farmers, cultivate locally valuable species, and raise
public awareness of the concerning properties of climate variation on medicinal plants. Climate change brought on by human
activities has disastrous effects on different animals worldwide. The prime root of climate change is the bigger emissions of
greenhouse gases into the atmosphere, primarily CO,. Research shows how well we understand how changing climate conditions
affect medicinal plants. Different climate change patterns cause abiotic stress, which can also influence developing physiology,
expansion pattern, biomass production reductions, phytochemical active components, and overall safety and quality of medicinal
plants. After looking through a number of review papers, we have attempted to provide a complete overview of the field

because the specific information about how climate change is affecting medicinal plants.
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INTRODUCTION

Unquestionably, the Earth’s climate is heating at a
rate never seen before. Climate changes are causing sea
levels to rise, which is disturbing plant development and
its yield. Lifelong scarcities are occurring in parched and
semi-arid areas, mid to high latitude flooding is on the rise,
extreme weather events are becoming more frequent, etc.!
Since the earth is warming and the climate is changing
quicker than species can acclimatize, there is a significant
chance that biodiversity may go extinct in large numbers.>
4 Understanding the trend of changing the climate, one of
the biggest environmental problems the world is currently
facing, is essential. In particular, it is necessary to

*Corresponding author :
Phone : 7979830832
E-mail : raaj.sardarl15@gmail.com

comprehend and evaluate the various impacts, address
vulnerabilities, and develop adaptation strategies by giving
priority to both the cause and the effects.>” On the other
hand, farmers have definitely advanced approaches for
answering to climate outlines that have succeeded over time
in their particular province.® This is especially true with
medicinal plants like Isabgol, Asalio, and several extra
important ones® in arid and semi-arid conditions.
Accordingly, agricultural production originalities and
performs are modified to inconsistency in local climate
situations.

The United Nations signed the Convention on
Biological Diversity (CBD) greater than ten years before
and designated 2010 as the Year of Biodiversity to
encourage countries to protect their plant and animal
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species. However, local people in different places that have
used therapeutic herbs for cohorts claim that species are
rapidly disappearing from the planet. They added that these
species are getting harder to locate, which they believe may
be a result of climate change.

Following the preparation of the National Biodiversity
Strategy and Action Plan (NBSAP), the National
Biodiversity Authority (NBA) was established.
Nonetheless, this Act mandates that NBA take significant
steps to support the sustainable use and protection of
medicinal plants. More crucially, it calls for the preservation
of'indigenous and local populations’ traditional knowledge,
ideas, and traditions, or their broader use. Given the
influence of climate change on MAPs, any limitations
pertaining to regulatory functions must be comprehended
and made feasible on an individual basis.

Medicinal plant Loss

In order to monitor and evaluate the threat to wild
populations of targeted species and to systematically assess
and recruit the decline and loss of medicinal plant species, '
an institutional structure must be established. The Indian
Council of Agricultural Research, based in New Delhi, and
the National Medicinal Plants Board might need to take
the initiative in this regard.

IUCN Red List Categories and Standards have been
used in certain attempts to further substantiate on a very
small scale.!! These investigations have determined that
335 wild medicinal plants in India are threatened with
extinction in a number of different categories, from Near
Threatened to Vulnerable to Endangered to Critically
Endangered. Bhardwaj et al. (2007)!" found that eighty-
four of these conservation-worthy species were involved
in high-volume trading. But it’s a never-ending cycle, and
if real attempts aren’t made, these kinds of animals are
thought to be endangered.

Significant change in plant diversity

There are probably six plant species that are very
important for conservation. These include Saraca asoca,
Decalepis hamiltonii, Picrorhiza kurroa, Aconitum
heterophyllum, Coscinium fenestratum, and Taxus
wallichiana.'"'? The herbal industry in India is currently
employing these species, which are valuable medicinal
plants, intensively, which is quite alarming because it is
causing a dramatic decline in their natural populations. To
restate the facts, the medicinal use of these species’ plant
components is documented in the organized Indian medical
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systems of Ayurveda, Siddha, and Unani. These materials
are sourced only from the wild. Numerous medical
illnesses, including inflammatory, analgesic, anti-diarrheal,
antipyretic, anti-diabetic, anti-cancer, hepatic, and
gynecological disorders, are being treated with these
species. The current use of healthcare and the treatment of
such problems will be negatively impacted by the reduction
of these species. Additionally, their extinction will result
in an irreversible loss of the wild genetic collection, which
has developed over many millennia. It should be recognized
that these species cannot be reproduced artificially once
they are extinct. Our future generations will suffer greatly
as an outcome of this loss.
Impact of changed climate on plants

The combined effects of habitat degradation,
overexploitation, and habitat damage are accountable for
the decline and destruction of valuable wild Indian
medicinal plant populations.'* Another factor mentioned
is climate change, although no significant research has been
done in our nation specifically on medicinal plants.'*
However, several recent research conducted outside of
India have conjectured that climate change may be the cause
of the fragmentation and reduction of wild populations of
certain plant species in the Himalayan habitats.!'
Approximately 40% of India’s recognized vascular plant
species are medicinal plants. Indian flora conservation
should be given top attention.!? It is necessary to create a
national agenda for medicinal plant conservation.
Challenges for medicinal plants

Any notable shift in climate indicators (such
temperature, precipitation, or wind) over decades or more
is referred to as climate change. An increase in atmospheric
temperature that has the potential to alter global climate
patterns is referred to as global warming. The
Intergovernmental Panel on Climate Change defines
“climate change” as any alteration in the climate over an
extended period, whether caused by natural variability or
human activity.
Effect of enhanced CO, and temperature disorder on
carbon metabolism

When compared to cultures grown on the same media
under ambient air, cultures of thyme (Thymus vulgaris),
peppermint (Mentha piperita), spearmint (Mentha spicata),
oregano (Origanum vulgare), and lemon basil (Ocimum
basilicum) shoots have higher fresh weight, leaf, and root
numbers as a result of increased CO, levels (3000 11 CO,/




Shubham et al.- Effects of environment alteration on aromatic and medicinal plants: A review

liter of air)."> A 2001 study by Uprety et al. (2001)'¢
examined the effects of higher CO, concentrations on
Brassica juncea and discovered that higher CO, caused
larger chloroplasts and increased the length of epidermal
cells as well as both the quantity and length of palisade
parenchyma cells. According to another study by
Chaturvedi et al. (2009)", after 90 days of CO, exposure,
the medicinal plant Podophyllum hexandrum exhibits a
significant increase in the production of total dry matter
(96.4%), a decrease in specific leaf area (29.45%), and an
increase in leaf dry matter production. According to
Chaturvedi ef al. (2009)", in the alpine region, three
dissimilar development forms stoloniferous forbs,
rhizomatous forbs, and prostrate creeping dwarfplants, i.e.,
Rumex nepalensis, Picrorhiza kurrooa, and Skimial aureola
have significantly improved development, morphology, and
biomass distribution through grew leaf number and area,
plant height, diameter, leaf thickness, and shoot-root length.
In contrast, mat-forming forbs (Plantago major) have shown
a decrease in all of the aforementioned parameters, with
the exception of plant height. Compared to low-land
species, alpine plants are more susceptible to climate
change.!®
Effect of raised CO, and temperature on photosynthesis
Changes in photosynthetic carbon integration forms
are the main cause of climate change’s disruption of plant
development.” By increasing CO, substrate accessibility
for RUBISCO and immediately overwhelming
photorespiration, higher CO, intensities trigger net
photosynthesis.?*?! According to Hovenden and Williams
(2010)%, photosynthesis is a crucial mechanism that boosts
plant growth, photosynthesis, and economic yield by
sequestering and converting the earth’s entire carbon input.
Crop growth depends on photosynthesis, and it has been
shown that C3 plants’ ¢[CO,] (higher CO,) increases
photosynthesis.?*?* The primary source of increased
photosynthesis and carbon absorption below ¢[CO,] is an
upsurge in the enzymatic action of ribulose-1,5-
bisphosphate (RuBP) carboxylase/oxygenase (Rubisco).
While RuBP needs O, as a substratum to oxygenate during
photorespiration, Rubisco catalyses the carboxylation of
RuBP, which is necessary for CO, fixation.”® Since the
RuBP carboxylation is not absorbed at the recent
atmospheric CO, quantities, the rate of carboxylation
increases in tandem with the accessibility of CO, under
e[CO,] conditions.* Since photorespiration gives the plant

more energy, it is a wasteful process in terms of energy
and carbon absorption. Carbon or energy gains are not
statistically significant.?® The Rubisco enzyme is
susceptible to high temperatures in its activation stage. Due
to the fact that the Rubisco activase enzyme keeps the
Rubisco deactivation process going at an extremely high
temperature, it is hard to reduce the stimulation of the
Rubisco enzyme there.?’”?° We call this process
photosynthetic acclimation. More CO, exposure can
improve plant water usage efficiency and lead to reduced
water use.*’
Effect of higher CO, on plant biochemical features

According to Ibrahim and Jaafar (2012)!, the amount
of phenolics, carbohydrates, and flavonoids synthesized
was maximum under three distinct degrees of elevated CO,.
Under ¢[CO,], sucrose performs better than hexose sugar
in both field and chamber experiments.3*33 The
measurement of daylight has an effect on the notch of
carbon segregating among sugar and starch. While sucrose
synthesis and consumption are decreased during small light
periods, carbon partitioning occurs close to starch
synthesis.** During daytime with prolonged light phases,
sucrose synthesis is increased but starch collection is
reduced.’* Tepary bean sprouts and root growth were
similarly enhanced by increased CO,, with the roots
exhibiting a ten-times higher in starch. The balance of plant
nutrients would be maintained if more carbon was allocated
to origins under ¢[CO,]. This would promote better root
growth, allowing for improved nutrition and water
absorption.
Effect of CO, enhancement and raised temperature on
secondary metabolite production

The composition of species can be changed by climate
change, and researchers have recently proposed that climate
change may also affect the biochemical makeup and,
ultimately, the long-term medicinal capability of plants in
high-altitude areas. The basis for plants” homeopathic action
is typically secondary metabolites* and additional
complexes that are disrupted by heat stress in the
atmosphere.®® Figure 1 illustrates how climate change
affects various facets of plant development and metabolism.
High levels of heat stress are becoming concerning and
have a detrimental effect on plants’ therapeutic value.>” We
also know that high temperature tricking is a main giver to
climate change, which in turn causes changes in habitat,
the emergence of new traits, and biodiversity. It is
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consequently in charge of the overproduction of volatile
organic compounds and secondary metabolites, and it may
alter the chemical makeup of phytoconstituents that in some
way produce low-quality biological compounds.?%3°
Typically, when vegetations are under stress, the synthesis
of secondary metabolic compounds may increase since
growth is often suppressed larger than photosynthesis and
the carbon trapped is allocated to secondary compounds
rather than growth. The carbon-nutrient equilibrium
concept clarifies that excess carbon substance that are not
required for main metabolic processes can be allocated to
the production of secondary metabolites, which finally leads
to increased carbon levels, under elevated CO,,.
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Fig. 1: The connection between plants’ morphological,
physiological, and biochemical characteristics and
climatic change.

CONCLUSION

It is now abundantly evident that human activity and
several environmental elements are causing climate change
and the daily rise in the global CO, concentration.
Medicinal plants are trusted by over 80% of the world’s
population as their major source of healthcare, a source of
pharmaceutically active medications, and a source of
income for rural and tribal populations. High altitude
medicinal plants exhibit poor seed germination rates,
changing vegetative phenology, seed production, and an
extended period of seed dormancy, all of which are affected
by climate variation. Secondary metabolite change brought
on by a carbon energy imbalance occurs when carbon that
would otherwise be used for vegetative development is
instead used for secondary metabolite production, chemical
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composition is altered, and new medicinal plant genotypes
survive. Targeted study is urgently needed, particularly on
the build-up of the secondary metabolite of health
importance. Compared to other commercial harvests, there
is extremely little and no research on medicinal plants in
connection to climate change. As dependable suppliers of
biomolecules and nutraceuticals, now is the ideal moment
to discover the attractiveness of these medicinally
noteworthy plants. Examining how alteration in climate
affects the physiological, morphological and biochemical
characteristics of medicinally important plants is what
makes this article novel. Our research demonstrated that,
generally speaking, climatic change affects the rise in
biomass, dry matter, and the number of secondary
metabolites produced. This study demonstrates a thorough
comprehension of how several factors are impacted by the
main greenhouse gas, CO, and shifting climatic conditions.
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