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Medicinal plants, a source of different phytochemical compounds, are now subjected to a variety of
environmental stresses during their growth and development. Different ecologically limiting factors including
temperature, carbon dioxide, lighting, ozone, soil water, soil salinity and soil fertility has significant impact on
medicinal plants’ physiological and biochemical responses, as well as the secondary metabolic process.
Secondary metabolites (SMs) are useful for assessing the quality of therapeutic ingredients and nowadays, these
are used as important natural derived drugs such as immune suppressant, antibiotics, anti-diabetic, and anti-
cancer. Plants have the ability to synthesize a variety of secondary metabolites to cope with the negative effects
of stress. Here, we focus on how individual environmental variables influence the accumulation of plant
secondary metabolites. A total of 48 articles were found to be relevant to the review topic during our systematic
review. The review showed the influence of different environmental variables on SMs production and
accumulation is complex suggesting the relationship are not only species-specific but also related to increases
and decline in SMs by up to 50%. Therefore, this review improves our understanding of plant SMs ability to
adapt to key environmental factors. This can aid in the efficient and long-term optimization of cultivation
techniques under ambient environmental conditions in order to maximize the quality and quantity of SMs in
plants.
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Introduction

Climate change is a serious threat that is afflicting
many parts of the world with influence on plants
survival, especially in some geographical areas. For
example; in the case of Latin America, which accounts
for one of the earth’s largest concentration of
biodiversity, the risk of biodiversity loss is expected to
increase as a result of climate change.[1,2] In mountain
regions, higher temperature leads to an upward shift
of biotic zones and likely increase the frequency of
forest fires.[3,4] Medicinal plant secondary metabolites

(SMs) content is influenced by environmental factors
including climate and ecologic issues, thus the
possible changes to environmental conditions can
raise issues for the production of some medicinal
species. Furthermore, despite the large diffusion of
synthetic and bio-ecological based drugs, plants are
still one of the most significant sources of medicine
and millions of people depend on herbal medicine for
their cure and therapies.[5–7] Since ancient times, more
than half of the world population depends on
medicinal plants to cure different human ailments and
is getting significant attention in global health.[8] There
is an increasing demand from the occidental countries
for new and ‘natural’ based remedies and products,
with development of nutraceutical and growing of
cosmetics. Many natural products are now searched
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for their claimed ability to reduce the risk of diseases
and for healthy ageing.[9] Thus, different medicinal
species have significant importance and different plant
part (root, stem, leaves, flowers, fruits and seeds) can
offer different SMs being a significant source of natural
bioactive metabolites.

It is estimated that more than four billion people
(80% of the world’s population) living in developing
countries rely on medicinal products as a source of
healthcare and traditional medical practice.[10–12] Ac-
cording to World Health Organization (WHO), approx-
imately 45,000 different plants in more than 21,000
species of plants are being used for medicinal
purposes that can be verified by the Ayurveda.[13,14]

Medicinal plants are good sources of chemical sub-

stances like terpenoids, phenols, steroids, flavonoids,
tannins and aromatic compounds which are widely
used in the pharmaceutical, cosmetics and food
industry.[15] These chemical substances are commonly
known as secondary plant metabolites (e.g., special-
ized products) which are not essential for the growth
and development of the plant but are considered as
defence compound to interact with its environment
for adaptation.[16] There are over 2,140,000 secondary
metabolites[17] and are divided into different groups
consisting of 29,000 terpenoids, 12,000 alkaloids, 8,000
phenolics,[18] steroids, flavonoids, tannins, and more
are in the process of identification. The demand for
medicinal plants is profoundly increased in the recent
decade due to enormous chemical diversity, and the

Professor Dr. Stefano Dall’Acqua
works at Padova University involv-
ing in research and teaching with-
in the Department of Pharmaceut-
ical and Pharmacological Sciences.
Graduated in Chemistry and Phar-
maceutical Technology cum laude
in 1998 at the University of Pado-
va, PhD (2003) in Pharmaceutical
Sciences at the same University
defending a thesis titled “Bioactive
compounds from Italian Plants”.

He worked in food, cosmetic and herbal medicine
companies in years 2000–2005. He received several post-
doc grants working in the chemistry of natural products.
His research activity deal with the chemistry of bioactive
natural products. The main topics are the isolation and
structural determination of natural compounds with a high
focus on 1D and 2D NMR and MS spectroscopy and the
development of analytical methods for the determination
of natural products in complex mixtures. Further research
activity deals with in vivo absorption of natural products
and in vivo and clinical effects of phytochemicals as well as
a study of phytochemical effects by metabolomic ap-
proach. Author and co-author in more than 220 published
articles.

Dr. Sudip Pandey holds double
master degrees in Forestry and
Natural Resource Management
(Erasmus Mundus Programme,
MEDfOR) with a scholarship from
the European Union and the other
in Environmental Science with
specialization in mountain envi-
ronment from Tribhuvan Univer-
sity, Nepal. He completed his
doctoral degree in forest ecology
(Professor Giai Petit) from the

University of Padova, Italy in 2019. Dr Pandey is a
consultant at Madan Bhandari University of Science and
Technology (MBUST), Nepal. His research interests are
climate change and its impacts on high altitude forest with
the approach of dendroanatomy, forest inventory, park
people conflict, forest ecology, human use of natural
resources and phytochemical constituents of medicinal
plants. He has published books, journal articles in reputed
national and international journals.

Ms. Poonam Pant is a young
pharmacist and emerging aca-
demic with expertise in pharma-
cology and clinical pharmacy. She
is currently employed in the De-
partment of Pharmacy as a lec-
turer in pharmacology at CiST
college affiliated with Pokhara
University, Nepal. Besides teaching
her role in academics is to super-
vise or co-supervise bachelor as
well as master students in their

thesis. She holds a master degree in Pharmaceutical Care.
Her research interest involved cancer, pharmacological
interactions, essential oil composition and its antiprolifer-
ative activity.

Chem. Biodiversity 2021, 18, e2100345

www.cb.wiley.com (2 of 14) e2100345 © 2021 The Authors. Chemistry & Biodiversity Published by Wiley-VHCA AG

Wiley VCH Donnerstag, 11.11.2021

2111 / 221769 [S. 38/50] 1

www.cb.wiley.com


opportunity to develop new products presenting few
side effects and economic values.[19,20] Many studies
have considered different classes of secondary metab-
olites as potential agents for the treatment or
prevention of many serious diseases or syndromes like
diabetes, tuberculosis, ulcers, asthma, cancer, Alz-
heimer’s disease, and cardiovascular diseases, Parkin-
son’s disease.[21–25]

Besides, the critical role of medicinal plants in
different aspects of human lives, their growth and
development are affected by environmental condi-
tions like temperature variation, light intensity, ele-
vated carbon dioxide, ultraviolet radiation, ozone,
drought, salinity, and flood.[26–29] These environmental
factors are important as each plant species needs
special environmental conditions for growth. Accord-
ing to the Intergovernmental Panel of Climate Change
(IPCC),[30] mean annual temperature is increasing faster
to a rate of 0.06–0.1 °C/yr. with a CO2 increase of
407.4 parts per million. Change in climatic conditions
not only influences the normal behaviors of plants but
also their physiology, ultimately affecting the secon-
dary metabolites. Studies showed that some environ-
mental factors like temperature,[31,32] elevated
CO2,

[33–36] Ozone,[37,38] UV light,[39,40] drought[41,42]

adversely affects the metabolites, growth and produc-
tivity in plants. However, these studies are in many
cases sporadic and are still limited to fully understand
the specific role of each environmental factor in SMs
synthesis and accumulation. Furthermore, specific
studies in medicinal plants are still lacking compared
to commercial crops related to the food area. Medici-
nal species have a strong impact on the life of many
people and entire populations with significant eco-
nomic impact and value. Significant changes due to
climate and ecological modifications can occur in the
synthesis of secondary metabolites thus we can
postulate that some medicinal species being a source
of important active compound can be influenced by
these factors in the production and accumulation of
SMs, with relative problems for shortage, and for
potential issues for industrial extraction and purifica-
tion for the production of the medicinal product. In
this regard, more research is needed on medicinal
plants at the molecular level to better understand the
specific role of each environmental parameter as they
are potential sources of active molecules and com-
pounds useful for the production of nutraceuticals.

In this study, we made a systematic review of the
recent literature published in Google Scholar, PubMed
and science direct to evaluate the influence of climatic
parameters on secondary metabolites of medicinal

plants. This review aims to enhance our understanding
of the adaptability of plant SMs to key environmental
factors. This can be of help in the optimization of
cultivation techniques at ambient environmental con-
ditions with maximization quality and quantity of SMs
in plants efficiently and sustainably.

Results

The review was conducted in 48 articles with 10
articles published in 2015, 10 in 2016, 9 in 2017, 10 in
2018, 5 in 2019 and 4 in 2020. The articles were from
12 countries (China (n=15), Brazil (n=5), India (n=5),
Iran (n=8), Canada (n=1), Saudi Arabia (n=1),
Malaysia (n=1), Italy (n=6), Mexico (n=1), Australia
(n=1), Germany (n=3) and Egypt (n=1)) analyzing
the impacts of climate changes on secondary metabo-
lites of medicinal plants found in the area (Table 1).
The review was based on 34 different journals which
are considered reputed in medicinal plant study.

Environmental parameters i. e., temperature (n=6),
carbon dioxide (n=9), ozone (n=5), light intensity
(n=11) and soil (n=17) were considered in the study
(Figure 1). HPLC, GC/MS, NMR were the most prevalent
instruments used for metabolites profiling. Leaves
(51%), whole plants (17%), and roots (13%) were
commonly used parts for assessing climatic effects.
Though the percentage is quite low some researcher
also used stem, shoot, seed, flower and fruits.

Both in vitro and in vivo methods were utilized in
most of the plants to have comparative effects of
climatic parameters on the quality and quantity of
SMs. Articles considered in the review showed plants
species was extensively used for curing different illness

Figure 1. Environmental parameters considered in the study
with the number of articles on assigned topics.
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i. e., respiratory tract infection, stomach diseases,
cancer, parkinsonism, depression etc. Most of the
authors considered in the study were natural product
expert with funding support from research institutes
and government authorities. The biological analysis of
plants used in the study showed the dominant of
herbs and sub herbs. Most of the researcher raised
concern on climatic issues in the context of medicinal
plants and provide a necessary way for getting the
better quality and quantity of SMs in medicinal plants
which are useful in pharmaceutical industries, food
beverages and cosmetic etc. This raised concern to
many scientists to work further to have in-depth
knowledge on it.

Discussion

The environmental factor is the major limiting factor
for the survival and growth of medicinal plants.
Studies showed plant of the same species grown in a
different environment has a different concentration of
a particular secondary metabolite.[16,43] This is because
the plant has to produce a specified quantity and
quality of SMs to counter the environmental stress.
Thus, the study on each environmental factor is
important to know the adaptability and availability of
plant in a particular region.

Temperature Stress

Change in temperature affects plant growth and
metabolic pathways involved in signalling, physiolog-
ical regulation and defence responses.[44,45] Temper-
ature as major weather variables can significantly
influence the composition of SMs with disruption in
photosynthesis activities to tolerate stressful condition.
For example, vegetative development (node and leaf
appearance rate) increases as temperature rise to
species optimum level while cold temperature limit
plant growth, leaf development and photosynthesis.
Furthermore, we can also postulate those changes in
season and the average temperature may in the future
change the area of cultivation/growing of some
species. For instance, the composition of alkaloids in
Duboisia myoporoides R. Br. demonstrated a minor
increase with temperature (4 °C).[46] Zhang et al.[47]

indicated an increase in tanshinones accumulation in
Salvia miltiorrhiza Bunge with an increase in temper-
ature. Likewise, in Tithonia diversifolia A. Gary, there is
an increase in phenolic compounds at 22 °C and a
decrease afterwards.[48] Camellia japonica L. global

gene regulation of unsaturated fatty acid and jasmonic
biosynthesis pathways were deduced in the low
temperature.[49] On contrary, high temperature reduce
silymarin content in Silybum marianum L. roots
showing SMs accumulation is a temperature-depend-
ent process.[50] Also, Yuan et al.[51] observed the
response of Dendrobium officinale Kimura & Migo in
three different cultivation modes namely, wild, bionic
and greenhouse. The result showed polysaccharide,
total alkaloid and total flavonoid was higher in wild
followed by bionic and greenhouse. They found
metabolites content decrease with the increase in
temperature indicating it is a shade lover and too high
temperature is detrimental for growth. This shows the
influence of temperature on plant growth and SMs
synthesis is not univocal indicating species-specific
effects (Table 1).

CO2 Stress

Carbon dioxide is considered a major greenhouse gas
hampering the physiology of medicinal plants. Since
the industrial revolution, the concentration of it is
increasing rapidly from 270 parts per million (ppm) to
407.4 ppm.[52] Plant adapt to change in environment
through metabolic plasticity, however, this affects the
SMs which are the basis for their medicinal activity.[53]

For example, Hypericum perforatum L. known for its
use in moderate depression was treated with elevated
CO2 and found growth to be increased after 140 days
compared to ambient conditions. In the same experi-
ment, hypericin concentration significantly decreases
by 22% in elevated CO2 (550�50 μmolmol� 1) which
further decrease to 19.30% under combined effects of
elevated CO2 and temperature.

[54] Similarly, phenolog-
ical stages (bud and flower formation) were advanced
by 4 days under 140 days of CO2 enrichment as
compared to ambient condition. A study conducted
by Paudel et al.[55] in Arabidopsis thaliana (L.) Heynh
found a distinct metabolite signature under elevated
CO2 with a lower concentration of defence com-
pounds such as Glucosinolates. They suggest that
changing atmospheric condition and nitrate fertiliza-
tion may affect plant’s ability to identify and cope with
oxidative stress (e.g., insect damages). Atmospheric
CO2 level and nitrate fertilization play an important
role in shaping the constitutive and wound-induced
metabolic profile in Arabidopsis leaves. Paris polyphylla
var. yunnanensis, a traditional Chinese medicinal plant
showed stronger photosynthetic activity and higher
content of bioactive compounds in western Yunnan
than in cultivar from central Yunnan under elevated
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CO2. In western Yunnan, the growth rate increases
higher at first and decrease with further CO2 increase.
On the contrary, in central Yunnan growth rate is
lower at first and increase afterwards suggesting
western Yunnan cultivars to be sensitive to atmos-
pheric CO2 concentration. Contents of bioactive com-
pound diosgenin of western Yunnan cultivars in-
creased under elevated CO2 suggesting Paris
polyphylla var. yunnanensis a potential candidate for
industrial cultivation in a high CO2 environment.

[56]

A study on Centella asiatica (L.) urban used as
medicinal herbs for its multiple therapeutic properties
showed improved photosynthetic efficiency initially
with a higher concentration of flavonoids under CO2
levels at 400 and 800 μmolmol� 1. Furthermore, there
was an increase in flavonoids concentration in the
irradiated plants with rising CO2 concentration from
400 to 800 μmolmol� 1 suggesting C. asiatica grown
under CO2 is more capable of overcoming the
detrimental impacts of gamma radiation.[57] In Stevia
rebaudiana Bertoni, elevated CO2 increased Steviol
glycosides content, a low-calorie sweetener.[58] It was
observed that elevated CO2 enhanced photosynthetic
rate and water use efficiency thereby reducing the
threat of oxidative stress.

A similar study conducted on Mentha piperita L.
showed an increase in flavonoids concentration with
the application of elevated CO2 of 360 ppm and
620 ppm.[44] In a typical study on Hibiscus sabdariffa L.
var. UKMR-2 elevated CO2 levels from 400 to
800 μmolmol� 1 showed an increase in calyx yields and
total phenol concentration.[59] Moreover, it is also
predicted that an increase in CO2 may result in greater
height and higher fresh yields than ambient CO2.
Kaundal et al.[60] subjected Valeriana jatamansi Jones
to elevated CO2 levels (550 μmolmol� 1) and observed
an increase in essential oil content by 17.7%. Chemical
constituents such as patchouli alcohol, bornyl acetate,
β-patchoulene, germacrene D significantly increase at
elevated CO2 and decrease with increasing temper-
ature compared to ambient condition. This finding
indicates that elevated CO2 in future could have
positive effects while temperature has negative effects
on essential oil composition in V. jatamansi. In vitro
study performed with Brazilian ginseng (Pfaffia glomer-
ata (Spreng.)) showed increased phytoecdysteroid 20-
hydroxyecdysone under CO2 enrichment (1000 μL
CO2L

� 1). This study was important in demonstrating
the best culture conditions and increasing the devel-
opment and production of 20-hydroxyecdysone in the
species.[61] The overall trend in such finding showed
the importance of secondary metabolites of medicinal

plants with respects to CO2 besides seasonal variation,
time duration and nutrient availability. This can
provide insight into the role of elevated CO2 in altering
the metabolic plasticity of medicinal plants providing
appropriate conservatory practices in the long run.

Ozone Stress

Ozone is considered as a bio protector from ultraviolet
radiations, however, at ground level, they affect both
animals[62,63] and plants.[64,65] Hypericum perforatum L.
(St. John’s wort) showed an increment of total phenols
and flavonoids (quercetin) with activation of
peroxidase activity by ozone (110 ppb, 5 hrs.) confirm-
ing that ozone is an elicitor of bioactive secondary
metabolites.[66] Similarly, at 24 h of exposure
(110 ppb), the increase of quercetin was replaced by a
raise of Kaempferol (another flavonol) while isoquerci-
trin and quercitrin remain unchanged. This suggests
that ozone treatment can be considered to enhance
the concentration of antioxidants phytochemical in-
creasing the beneficial properties of medicinal plants.
Similarly, a study on ecophysiological and antioxidant
traits of Salvia officinalis L. under ozone stress (120�
13 ppb for 90 consecutivedays) showed an increase in
phenolic content; notably Gallic acid (2-fold increase),
Caffeic acid (8-fold increase) and Rosmarinic acid
(122% increase on 60th day of treatment).[38] Capsicum
baccatum L. var. Pendulum plants were studied by
Brazilian scientist to check the effects of chronic ozone
exposure, showing a decrease in capsaicin (50%) and
dihydrocapsaicin in ozone exposed pericarp.[37] Fur-
thermore, capsaicin content was reduced in the seeds
of the plant while no change was observed in
dihydrocapsaicin as compared to control plants. Also,
total carotenoid and phenolic content in the pericarp
increased by 52.8 and 17%, respectively. A study on
Melissa officinalis L., a traditional medicinal plant with
a large number of uses including dementia and
anxiety showed an increase in total anthocyanins to a
substantial extent along with phenolic and rosmarinic
acid in plants subjected to ozone treatment (200 ppb,
3 h).[67,68] Literature search on ozone influence on
quality of plants revealed many studies on edible
crops while limited specifically related to medicinal
plants. Thus, more studies with wide perspectives and
plan are needed for depicting the role of this treat-
ment as enhancer of production of secondary metab-
olites as well as to understand the role of increased
oxidative stress conditions on the conservation and
management of cultivated as well as spontaneous
medicinal plants.
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Light Stress

Light is essential for plant metabolism and life due to
photosynthesis. Therefore, the survival of plants
depends on their ability to sense different light spectra
present in solar radiation.[69] Also, the light at different
intensity impacts the levels of a broad range of
secondary metabolites in the complex biochemical
interaction.[69,70]

A study on plants of the genus Mahonia (Mahonia
bodinieri (Gagnep.) Laferr and Mahonia breviracema
Y.S. Wang & P.K. Hsiao) well-known traditional Chinese
medicine used for the treatment of tuberculosis,
dysentery, periodontitis, pharyngolaryngitis, eczema
and wounds showed a higher yield of alkaloids under
I50 (50% of sunlight) followed by I30 (30% of sunlight)
than under I10 (10% of sunlight) and I100 (Full
sunlight).[71,72] Therefore, I30 and I50 were beneficial for
the synthesis and accumulation of SMs indicating
noticeable effects of photoperiod and light intensity.
Rarely, the opposite situation was also reported like in
Flourensia cernua DC, a Mexican traditional medicine
used to treat indigestion, respiratory tract infection,
tuberculosis showed higher total phenolic compounds
under partial shade than on fully irradiated
conditions.[73] In some plants, the higher irradiance is
helpful for plant growth and SMs production.[33] For
example, the amount of scutellarin (flavone glycoside)
in Erigeron breviscapus (Vaniot) Hand. Mazz. and
chlorogenic acid (phenols) in Centella asiatica (L.)
Urban was higher in sun-developed leaves than in
shade-developed leaves.[74,75] Both these species
(E. breviscapus and C. asiatica) are well-known for their
medicinal applications and understanding the role of
light can be crucial for selecting proper cultivation
sites, as well as for the collection of spontaneous
populations. Hyptis marrubioides, a medicinal plant
used against gastrointestinal infection was cultured
in vitro supporting the culture using different wave-
lengths (white, blue, green, red, and yellow).[76] They
found white and blue lights promote flavonoids
(Rutin) accumulation, whereas red light induces plant
growth and increase leaf number and dry weights.
This provides a theoretical basis for studies related to
quality control of growth and production of secondary
metabolism of H. marrubioides. Also, this aspect
strongly shows the influence of different latitude and/
or potential cultivation conditions on the medicinal
plants. Furthermore, it opens a significant potential
role in the cultivation of such species in indoor
systems where light exposure can be controlled by
specific lamps and systems.

Ultraviolet Radiation Stress

Ultraviolet (UV) light is also an important abiotic factor
that stimulates the production of secondary metabo-
lites, and hence many studies were conducted consid-
ering the factor. For example, the concentrations of
flavonoids and phenolic acids increased in response to
increasing UV� B radiation of Chrysanthemum morifo-
lium Ramat.[77] Similarly, a study on Coleus forskohlii
Briquet leaves by Takshak and Agrawal[78] showed an
increase in flavonoids and phenolic content under
UV� B stress. When the plant Prunella vulgaris L. spica
was irradiated with UV� B, the production of total
flavonoids, rosmarinic acid, caffeic acid was
enhanced.[39] However, these contents differ in devel-
opment stages and the best harvest stage was
between budding and full-flowering for the best
medicinal values. Nascimento et al.[79] found that the
level of phenolic profile and flavonoids content in
Kalanchoe pinnata (Lam.) leaves increase in response
to UV� B irradiation. The content was further increased
in the combination of white light providing higher
diversity of phenolic compound and a larger amount
of quercitrin. These studies highlighted the importance
of photoperiod and light intensity for photosynthesis,
growth and accumulation of secondary metabolites in
medicinal plants. Thus, medicinal properties yield
might be achieved by proper adjustment of light
quality and quantity in future.

Soil Stress

Soil influence the growth and development of plants,
and SMs accumulation is strongly dependent on soil
water (drought stress), soil salinity and soil fertility.

Soil Water Stress (Drought Stress)

Drought stress is an important environmental factor
affecting the content of secondary metabolites in
plants. A larger number of studies manifested that
plants exposed to drought stress accumulate a higher
concentration of secondary metabolites than those
cultivated under well-watered conditions.[80] In Scutel-
laria baicalensis Georgi, a traditional medicinal herb
mild drought stress increase baicalin but decrease
under severe stress.[81] This result demonstrates that
an appropriate degree of drought stress may promote
baicalin accumulation by stimulating the expression
and activities of the key enzymes involved in the
biosynthesis of the compound. Therefore, for appro-
priate protective enzyme activity and increase baicalin
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content, Scutellaria baicalensis soil moisture should be
properly controlled. A similar study was conducted on
Glycyrrhiza glabra L. at slight, moderate and intense
drought.[82] It showed drought promoted the synthesis
of glycyrrhizin with an increase in glycyrrhizin biosyn-
thesis pathway. But, in extreme drought condition,
there is a decrease in the amount of glycyrrhizin
content compared to slight and moderate drought.
Further, they found glycyrrhizin yields in response to
drought differ between genotypes of plants. Rastogi
et al.[83] found Ocimum tenuiflorum L. was able to
sustain the severe drought for 30 days. They provide
insight into transcriptomic changes so we can identify
the putative genes of medicinal plants. Alhaithloul
et al.[84] reported that in Mentha piperita L. and
Catharanthus roseus (L.) G. Don. drought stress
decreases total phenols, flavonoids and saponin con-
tent, however, the level of other SMs including
tannins, terpenoids and alkaloids increased under
stress in both plants. In contrast to this, Liu et al.[85]

demonstrated an increased accumulation of alkaloids
and the expression of genes regulating secondary
metabolite accumulation in drought-stressed Cathar-
anthus roseus (L.) G. Don. There was a study by Ashrafi
et al.[86] on Thymus vulgaris L. (drought-sensitive) and
Thymus kotschyanus Boiss. & Hohen (drought-tolerant
species) under different drought condition. In both the
plants, sugars, amino acids, and energy metabolism
were significantly affected by drought stress thus, new
technologies such as transcriptomics and proteomics
could be helpful to understand in-depth knowledge
on enhanced drought tolerance. Zhang et al.[87]

showed the total saponin content increased at first
and decreased afterwards in Stellaria dichotoma L. var.
lanceolata Bge. Thus, moderate water stress was
suitable for active ingredient accumulation which was
affected by endogenous hormones and water status.
These all studies revealed the concentration of SMs in
plants significantly differ under different drought
stress condition. However, there are still few re-
searches on medicinal plants and need more studies.

Soil Salinity Stress

Salinity stress significantly affects the accumulation of
secondary metabolites in plant tissues. Increased salt
levels in soil also cause nutritional imbalances, hyper-
osmotic stress, and decrease photosynthesis, growth,
and nutrient uptake in plants.[88] In the leaves of
Carthamus tinctorius L., the flavonoids, which are an
important curative component of the safflower leaves
increased significantly under different NaCl concentration

(50, 100 and 150 mM).[89] Another study in Stevia
rebaudiana Bertoni under low level of NaCl concentration
(30 mM) increased diterpene glycosides content (8.25%)
and further increment in NaCl concentration (90 mM)
showed a decrease (4.2%).[90] The concentration of
phenol in Plantago ovate Forsk increase under different
salinity stress (25, 50, 100, 200 and 300 mM NaCl).[91]

Furthermore, increasing salinity (25, 50 100, 200 mM) can
change the contents of total phenolics, non-flavonoids,
tannins and phenolic acids in Brassica napus var oleifera
Del. (rapeseed). In early sprout stage, total phenolic
content increased by 35% (up to 50 mM NaCl) and then
decreased slightly. Similarly, non-flavonoids showed 30%
increment (25 mM NaCl) and total-tannins increased with
increasing salt concentration up to 50 mM and remained
in high concentration in 100 mM and 200 mM, while
salinity did not give a clear effect on total-phenolic acids
content.[92] Valifard et al.[93] reported that the content of
total phenol in Salvia macrosiphon Boiss decreased with
all the treatment of different NaCl concentration (0.4
(control), 2.3, 4.5 and 6.8 dSm� 1). The content of total
phenolics was reduced by 2.6 times on increasing NaCl
concentration (6.8 dSm� 1).

Soil Fertility Stress

For healthy growth, plants require many chemicals in
the form of nutrients, fertilizers, growth regulators,
and so on, including SMs biosynthesis. Chemical stress,
on the other hand, occurs when these substances are
not present in the proper concentration. Fertilizers
(nitrogen, calcium, potassium) in soil can affect scopol-
amine biosynthesis of Duboisia species (Duboisia
myoporoides R.Br. and Duboisia leichhardtii F. Muell). It
showed that nitrogen and calcium negatively corre-
lated with scopolamine content at increased levels
above 1mM. Similarly, potassium does not affects
scopolamine production within the tested concentra-
tion range (0.05–4 mM).[46] Lactuca sativa L. is used in
medicine for its anodyne, antispasmodic, digestive,
diuretic, hypnotic, narcotic and sedative properties.
Nitrogen-free fertilization allowed Lactuca sativa L. to
obtain the highest total polyphenols content, as well
as a favorable anti-radical activity.[94] Tariq et al.[95]

found that with the application of foliar spray of
irradiated sodium alginate alone or in combination
with soil-applied phosphorus in Trigonella foenum-
graecum L. (Fenugreek) increased the seed yield by
131.0%, trigonelline content by 17.84%, trigonelline
yield by 174.0%, seed alkaloid content by 32.98% and
seed alkaloid yield by 208.64% over the control.
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Conclusions

Medicinal plants are rich sources of chemically active
constituents which are used as raw materials in
nutraceutical, fragrance, dyes, cosmetic and pharma-
ceutical. The constituents commonly known as SMs
are used for adaptation by the plant during stress
condition such as temperature, carbon dioxide, ozone,
light and soil. These abiotic stresses not only modify
plant structurally and anatomically but also lead to
fluctuation in their chemical constituents’ quantities.
Thus, knowledge of abiotic stress and SMs help to
protect the plant sources which are under pressure
due to excessive exploitation. In this review, we have
provided evidence on how secondary metabolites
show diversified and changeable responses to differ-
ent environmental stresses. Interestingly, we have
found individuals stress selectively alter the content of
several SMs in plants. This clearly showed the synthesis
of natural products can be altered by different abiotic
stresses. However, further research is needed at a
molecular level to understand the synergistic effect of
multiple environmental factors using new techniques
such as metabolomics, proteomics and transcriptomics
for improvement of the growth and productivity of
plants.

Experimental Section

General

We used a standard method called PRISMA for system-
atic literature review which includes resources eligi-
bility and exclusion criteria, the systematic review

process, and data abstraction and analysis.[96] The
review was based on a systematic search of research
articles from electronic databases: PubMed, Google
Scholar and ScienceDirect (Table 2). We choose these
databases as they cover about 256 disciplines with
+300 minor disciplines (e.g., health science, life
science, social science physical science) such as
science, social science, arts and humanities. The
advanced search tool in databases was used for
rigorous search on assigned topics (Appendix I). All the
searched articles were imported into Mendeley refer-
ence management software and duplicates were
deleted.

Inclusion and Exclusion Criteria

All original articles collected from search engine were
compiled. We selected only peer-reviewed articles
which were based on climatic variation and its effects
on secondary metabolites of the plant with specific
methods and results. The printed and online journal
registered on the journal website were included for
study. Valuable sources of information from news
articles, case studies, technical notes, educational
materials were excluded as they are not peer-
reviewed. To make a concise and systematic review we
choose only articles published in English between
January 1st 2015 to May 31st 2020. Studies that were
related to study topics but not to climatic parameters
were excluded (Table 3).

Table 2. Search manual used.

Search term used PubMed Google Scholar ScienceDirect

Secondary metabolites and medicinal plants 59 85 17
Medicinal plants and climate change 6 39 3
Secondary metabolites and temperature 28 9 12

Total 93 133 32

Table 3. The inclusion and exclusion criteria.

Criterion Eligibility Exclusion

Literature type Research articles (journal) Review journal articles, book, book chapter, book series,
conference article, report, proceeding

Language English Non-English
Timeline Between 2015 and 2020 <2014

Full-length article peer-reviewed journal Published abstract
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Data Extraction

All the searched articles were imported into Mendeley
reference management software (Mendeley Desktop
version 1.19.4). A total of 258 articles were found
through databases: 133 articles in Google scholars, 93
articles in PubMed and 32 articles in ScienceDirect.

From this database, 37 duplicates articles were
removed. The first screening of the articles consisted
of reading the title and abstracts and 61 articles were
identified as eligible for full text, and 48 research
studies were finally included in the data analysis. This
review process is based on the PRISMA flowchart
(Figure 2). Moreover, the references of the analyzed

Figure 2. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of the study.
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articles were accessed to identify other studies that
had not been found in the consulted databases. Thus,
41 new articles added, totaling 299 articles were used
in the preparation of this review articles.

Information was extracted from all articles, includ-
ing study methodology, aim and importance of
secondary metabolites where available using data
extraction form. Title, abstract and full-text reviews of
the publication were done independently. The ab-
stract, geographical location of the study, the methods
used were manually screened based on the eligibility
criteria and exclusions cross-checked by a member of
the team. We also contacted the authors for additional
information whenever necessary. Disagreement about
any article’s eligibility was resolved by consent.

Quality Assessment

A review of the articles was done to identify if there is
any potential systematic error in data extraction. The
quality assessment is based on different categories:
rationale for research studies, reproducibility, robust-
ness in methodology, and significance of the study.
With this criterion, a table was made and an assess-
ment was made with Yes, or No corresponding to
each category. Agreement and disagreement of rating
were discussed and final scores were given to the
publication. Moreover, articles with the same plant
species with similar climatic parameters were grouped
into a single set and data extraction were made from
those groups. We reviewed reference lists of some
review articles with similar heading to assess articles of
our interest.
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