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Abstract

Environmental stresses, including drought
stress, are the most important factor
reducing the yield of agricultural products
worldwide. And have a significant negative
impact on plant production areas. Drought
stress is an important factor in reducing the
dispersal of plants in most parts of the world.
Given that most of Iran has an arid and semi-
arid climate and a shortage of water
resources, the control of these stresses to
achieve real plant performance and increase
the economic value of the product is
inevitable. Since the effect of drought stress
on the qualitative and quantitative
characteristics of medicinal and aromatic
plants has been less studied, in this study, by
studying and reviewing valid articles, the
results of stress studies have been inferred as
follows. Medicinal plants have different
sensitivity to drought stress at different
stages of growth and the effect of drought
stress on medicinal plants has caused
different results in terms of quantitative and
qualitative characteristics. In medicinal
plants, application of different levels of
drought stress has led to different results in
yield, yield components, essential oil
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percentage, essential oil yield, essential oil
quality, and seed oil percentage.
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percentage of essential oil, medicinal plants

Introduction

Drought stress is one of the most important
environmental stresses in the climate of Iran
is one of the factors limiting plant growth.
Most of Iran consists of areas with limited
water resources, which is the result of lack
of rainfall and affects agricultural
production. Drought stress is the most
important non-viable factor limiting plant
growth and it is estimated that it causes a
70% reduction in agricultural production
worldwide (Wu et al, 2017). In Iran, drought
stress is always one of the limiting factors
for plant growth. In terms of plant
physiology, drought stress can be defined as
a period of drought and dehydration that
causes physiological and morphological
changes leading to reduced yield in plants
(Anjum et al, 2011). Drought stress from
pollination to physiological maturity,
especially if accompanied by high
temperatures, reduces grain filling period
and grain filling rate, resulting in a decrease
in mean grain weight (Royo et al, 2000).

Today, medicinal plants are considered as a
rich and valuable source with high
therapeutic effects. Due to the side effects of
chemical drugs, the importance of herbal
medicines is increasing worldwide. The
unique properties of essential oils and active
ingredients of medicinal plants are important
in the treatment of diseases and have fewer
side effects compared to chemical drugs.
Due to water stress, different plants are
different in terms of water productivity and
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production of economic value compared to
water consumption. Medicinal plants as a set
of plants with high economic value can
produce more capital than water for other
products in the absence of water. Some
medicinal plants are sensitive to drought
stress and are especially damaged by
increasing drought levels. Since water
scarcity and consequent drought are
important issues for future climate change, it
is important to adopt and survive drought
strategies. Therefore, drought tolerant
cultivars and genotypes should be identified
for exploitation and production of medicinal
plants, which can achieve good grain yield
and essential oil yield under drought stress
conditions.

The purpose of analysis and collection of
medicinal plants

The use of medicinal plants to treat diseases
dates back centuries. Today, medicines
made from the active ingredients of
medicinal plants are considered as a valuable
alternative to chemical drugs as bio-
innovations in medicine. One of the
important reasons for substitution is less side
effects of herbal medicines compared to
chemical medicines (Singh et al, 2015).
Herbal compounds play a pivotal role in the
food, cosmetics and health industries and
have a wide variety of applications.
Therefore, the economic importance of
essential oils is undeniable (Gende et al,
2010). According to the World Health
Organization (WHO), 80% of the world's
population traditionally relies on herbs and
natural products for primary health care
(Chatterjee, 2002). The tendency to produce
medicinal and aromatic plants and the
demand for natural products are increasing,
especially in the context of organic farming
in the world (Carrubba et al, 2002). One of
the important goals in medicinal plants is to
study how to increase the amount of
important active compounds in these plants.
Today, many nutritionists recommend the
consumption of plants, fruits and vegetables
to provide the antioxidants needed by the
body, because the use of herbal antioxidants,
in addition to effective therapeutic effects,
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has fewer side effects. Plants that are rich in
antioxidant compounds can protect the
body's cells from oxidative damage and
reduce the incidence of some diseases (prior
and Cao, 2000). Therefore, due to the
importance of using medicinal plants and the
special effect of essential oils and their
compounds in the treatment of diseases from
the past to the present and very limited side
effects with or without side effects of
medicinal plants and the variety of essential
oils in the food industry and Health, which
has a very wide range and can be considered
with the use of essential oils for the health
and safety of consumers, Therefore, the
industrial application of medicinal plants is
of special importance and the motivation to
expand and cultivate medicinal plants as
much as possible has created a competitive
market for these plants. Therefore, it is
important to study the quantitative and
qualitative characteristics of medicinal
plants in order to reduce water consumption
and increase plant yield.

The effect of drought stress on
photosynthesis, respiration, material
transport and chlorophyll in medicinal
plants

Drought stress is one of the most important
environmental stresses that affect plant
growth and vyield. It also reduces the water
uptake by the plant root system, reduces
transpiration, decreases stomatal conduction
and photosynthesis, and also disturbs the
hormonal balance in the plant (Khalafallah
and Abo-Ghalia, 2008). One of the first
signs of water deficiency is reduced
inflammation and consequently reduced cell
growth and development, especially in the
stem and leaves (Omidbaigi et al, 2003).
Accumulation of soluble sugars under
drought stress may play a key role in osmotic
regulation, but there are many factors
involved in changing the amount of
carbohydrates in plants, and the amount of
sugars is directly related to processes such as
photosynthesis, respiration and transport. .
Therefore, the amount of carbohydrates
cannot be easily interpreted (Watkinson et
al, 2008). With reduced cell growth, organ



size is limited and consequently light
absorption is reduced and the total
photosynthetic capacity of the plant is
reduced. Obviously, with the restriction of
photosynthetic products in conditions of
water shortage, plant growth and finally
yield It is defective (Omidbaigi et al, 2003).
According to ( Singh et al, 1997) drought
stress stimulated the activity of PEP
carboxylase and increased essential oil
production in a species of lemongrass
(Cymbopogon flexousus). They considered
the increase in the activity of this enzyme as
an adaptation mechanism to continue the
assimilation of photosynthetic carbon and to
maintain the water status of the plant.
Drought stress reduces leaf biomass and leaf
number in plants. This is probably the result
of a disorder in the photosynthesis and
metabolic processes of the plant. Due to
drought stress, cell membranes and cell
organs such as mitochondria and
chloroplasts collapse. Chloroplast decay
reduces chlorophyll concentration and
photosynthesis (Anjum et al, 2011). Drought
stress causes nutritional imbalance in plants.
Closure of stomata due to drought reduces
carbon dioxide exchange in leaves, resulting
in reduced photosynthesis, leaf size, leaf
area, biomass production, grain size and
number (Grattan and Grieve, 1999). In the
study of the effect of drought stress on
physiological traits and essential oil content
of (Dracocephalum Moldavica L), the
highest yields of soluble sugar, chlorophyll
a and total chlorophyll were reported in
treatments of 60, 40, and 100% of field
capacity, respectively. As the stress
increases, the amount of chlorophyll a
decreases and the amount of chlorophyll b
increases (Safikhani, 2006). Drought stress
reduces photosynthesis, degradation and
reduction of chlorophyll concentration and
decreases the leaf aperture of chamomile
medicinal plants and also reduces the dry
weight of flowers and shoots in chamomile
(Farhoudi, 2012). Drought stress in
Lemongrass (Cichorium intybus) causes
chlorophyll depletion and reduces the
photosynthetic ability of the plant leaves
(Taheri, 2010).
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Effect of drought stress on compatible
metabolites (carbohydrates and proline)

The growth and development of medicinal
plants, like other plants, is reduced by
drought stress, but these stressful conditions
usually intensify the synthesis of secondary
metabolites, including active ingredients of
medicinal plants. It is noteworthy that the
occurrence of mild and controlled drought
stress can increase the quality of medicinal
plants, because most of the essential oils and
medicinal effects of these plants are due to
the accumulation of secondary metabolites
(Petropoulos et al., 2008). In response to
dehydration,  plants  accumulate  or
synthesize substances such as enzymes,
proteins, secondary metabolites, and
minerals (Barsa, 1997). Researchers have
shown that environmental stresses increase
the levels of secondary metabolites of
medicinal plants (Zobayed et al, 2007). In an
experiment, the effect of drought stress was
to increase the concentration of soluble
carbohydrates and leaf proline of the
medicinal plant (Nigella Sativa L) Proline is
an amino acid in the cytoplasm of the cell
that plays a positive role in the uptake of
water molecules into the cell environment.
Helps maintain leaf inflammation and water
uptake by roots (Rezapor et al, 2011). There
have been numerous reports of a correlation
between proline accumulation and soluble
sugars in plants exposed to dehydration. In
general, osmotic regulation is better in plants
where soluble sugars accumulate in response
to dehydration stress (Salama et al, 2007).

(Rezaei Chiyaneh et al, 2012) An
experiment has shown that the medicinal
plant Fennel (Foeniculum vulgare L)
increases both its soluble sugars and its
proline content in response to dehydration to
maintain its water status. - Gives to cope
with drought to some extent through osmotic
regulation mechanism. Increasing the
amount of carbohydrates under stress
conditions  (especially  severe  stress
conditions) can be due to increased
decomposition of insoluble carbohydrates
and consequently rising levels of soluble
sugars, synthesis of osmotic substances from
non-photosynthetic pathways, growth in



hibition , Reducing the rate of material
transfer and increasing the rate of sucrose
synthesis due to the activation of the enzyme
sucrose phosphate synthase (Arndt et al,
2001). Usually the amount of free proline in
plants that are irrigated optimally is very low
and is about 0.6 to 0.2 mg / g dry matter. This
amount increases to 40-50 mg per gram of
dry matter after reducing tissue water. In
some plants, several amino acids increase in
the early stages of dehydration stress, but as
dehydration continues, only the amino acid
proline accumulates and stores more
(Rajinder, 1987). (Aliabadi et al, 2008)
observed accumulation of proline in drought
stress conditions in coriander (Coriandrum
sativum L). Also (Bandurska and Jozwiak,
2010) have studied the effect of drought
stress on the plant (Lolium perenne) and
concluded that as the relative water content
decreases, the amount of proline increases.

As aresult, the effect of moisture stress (100,
90, 80, 70, 60, 50% of field capacity) on
morphological and biochemical
characteristics of purple basil (Ocimum
basillicum L) was determined that plant
height, stem thickness, number and leaf area,
leaf area index (LAI) and plant chlorophyll
content decreases, but its levels of
anthocyanins and proline increase sharply
(Alishah et al, 2006). (Ghanbari and Ariafar,
2013) Studying the effect of drought stress
on peppermint (Mentha piperita L) have
stated that the application of stress will
produce more secondary metabolites to
prevent the oxidation process in cells. The
function of a medicinal plant is cost-
effective when its primary and secondary
metabolites are optimal. Therefore, by
managing environmental factors, maximum
product performance can be achieved
(Kusano et al, 2008). Drought tolerant
species are able to reduce the effect of
drought stress to some extent by reducing
the transpiration level, increasing root length
and volume, and producing compatible
osmolality. At the cellular level, some
genotypes regulate cell torque stress by
accumulating osmolytes such as sugars,
amino acids, quaternary amines, organic
acids, and ions, and prevent cell damage and
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leaf surface development to some extent
(Movahhedy Dehnavy et al, 2002).

The effect of drought stress on vegetative
and reproductive growth of medicinal
plants

The first sign of drought stress in the plant is
inhibition of rapid shoot growth and low root
growth (Neumann, 2008). Decreased single
plant weight during increasing drought
stress level can be related to reduced plant
height, decreased leaf area and increased
photosynthetic material allocation to the root
relative to the aerial part of the plant
(Sreevalii et al, 2001). Height difference in
most plants is due to genetic characteristics
and changes in environmental conditions,
and since cell division and increase in size
are very sensitive to drought stress, it seems
that in plants under dehydration, cell size
increase is affected. Located, by inhibiting
the longitudinal growth of the stem, reduces
plant height (Patel et al, 1996).

Drought stress causes a significant reduction
in the height of the black seed plant, because
under drought stress conditions, plant
photosynthesis is reduced and not enough
photosynthetic material is provided for plant
growth. Also, due to the decrease in relative
leaf moisture, cell division and growth in the
meristematic region are affected, which
results in a decrease in plant height (Rezaei
Chiyaneh and Pirzad, 2014). The study on
the effect of dehydration stress in (Thymus
vulgaris L) showed that the effect of soil
moisture levels on the length of branches
was significant and the reduction of soil
water content in the irrigation cycle of 10
days compared to Control treatment
(irrigation period of 3 days) led to a
reduction of this trait by 25.7% (Aziz et al,
2008).

(Khalil et al, 2010) in the study of the effect
of dehydration stress on basil (Ocimum
basilicum L) have stated that reducing soil
moisture has a significant effect on the
number of leaves, so that in the treatment of
30% of field capacity Leaves are 15% less
than 50% of field capacity. It is believed that
reducing the amount of water available to
the plant by affecting the torsion pressure of



plant cells reduces the growth and expansion
of leaf cells, so the number of leaves in this
condition is reduced (Alishah et al, 2006 ).
Reduction of stem length with increasing
drought stress, which was due to 2, 4, 6, 8,
10 day irrigation periods on chamomile
medicinal plant and it was found that by
reducing irrigation periods to once every 10-
days, plant height, The number of branches,
number and diameter of flowers, fresh and
dry weight of flowers and the amount of
essential oil of the plant are reduced. Also in
thyme, under drought and 10-day irrigation
periods, plant height, weight Drought and
freshness of the plant decreases compared to
the period of less or no stress irrigation (Aziz
et al, 2008).

In one study, the effect of drought stress on
five medicinal plant species was
investigated and factors such as dry matter,
root weight, root length, aerial body weight
and plant height were measured. At the end
of the experiment, (Salvia officinalis) and
(Achillea millefolium) were introduced as
medicinal plants resistant to drought or
dehydration  (Lebaschy and  sharifi
Ashoorabadi, 2004). The study of the effect
of soil moisture levels on the medicinal plant
Lemongrass shows that reducing the amount
of water available to the plant leads to a
reduction in the number of branches, so that
the number of branches in the most severe
dehydration treatment (50% reduction in
root water availability) 25 Percentage is less
than the optimal irrigation treatment (12.5%
reduction in root water availability) (Ozturk
et al, 2004). In another experiment on
(Satureja  hortensis L),  vegetative
characteristics such as stem height, number
and area of leaf area, root length, leaf dry
weight, stem and root decreased
significantly ~ with increasing drought
(Esmaielpour et al , 2013).

(Rizopoulou and Diamantoglon, 1991) with
an experiment on marjoram (Origanum
majorana) have stated that drought stress
has increased the amount of essential oil in
this plant and the number of internodes,
biomass and plant height in conditions of
low water stress with Has been declining. In
a study, it was reported that increasing the
number of irrigation cycles had a positive
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effect on increasing the plant height of
(Plantago ovata L) (Patel et al, 1996). The
results of research conducted in some
medicinal plants showed that the lack of
water in the vegetative growth stages (before
the flowering stage) causes the creation of
plants with short height and also the
shrinkage of leaf leaf surface, for example in
yarrow  medicinal plant ( Sharifi
Ashoorabadi et al, 2005). Due to the limited
growth of black seed, drought stress
increases the rate of transition from
vegetative to reproductive stage, reduces the
number of sub-branches, reduces the number
of capsules and seeds per capsule (Mozzafari
et al, 2000).

(Jahanara and Haerizadah, 2001) have
observed the negative effects of drought
stress on plant height, biomass, number of
umbrellas, number of umbrellas per
umbrella, 1000-seed weight and grain yield
in two native fennel stands. Flowering status
in  flowering plant (Dracocephalum
Moldavica L) shows that application of
intense moisture stress reduces flowering
and flowering branch vyield in severe
moisture stress treatments compared to non-
stress treatments (Lebaschy and sharifi
Ashoorabadi, 2004). (Heidari et al, 2012) In
the study of the effect of water shortage
stress on (Pimpinella anisum L) reduction of
grain yield, 1000-seed weight, biomass,
number of umbrellas per plant, number of
umbrellas per umbrella, number of seeds per
umbrella, The index of harvest and yield of
essential oil under drought stress conditions
have been reported. Drought stress reduces
plant growth and delays germination by

reducing turbulence and cell growth,
reducing light absorption and total
photosynthetic capacity of the plant,

especially in stems and leaves (Hasani,
2006).

The effect of drought stress on grain yield
and yield components in medicinal plants

Decreased yield as a result of stress
(Sreevalli et al, 2001) may be related to the
increased allocation of photosynthetic
material to the roots relative to the aerial part
of the plant. Research on the medicinal plant



of coriander shows that increasing drought
stress reduces yield and its components and
the highest percentage of essential oil and its
main components (linalool, alphapinene,
gamma terpinin, geranium acetate, camphor)
are treated with mild stress treatment.
(Ahmadian and Nourzad, 2014). The results
of a study (Barnabas et al, 2007) on
coriander and a study (Mohamed et al.,
2002) on parsley (Tagetes Minuta) show that
the reduction in grain vyield, either by
reducing the number of seeds or reducing
their weight Or both. Drought stress also
reduces the duration of the vegetative period
to the flowering period. (Afsharmanesh et al,
2008) The grain yield of asfarzeh medicinal
plant under severe stress conditions
(irrigation after 25% of field capacity) was
reported to be 88.1 kg / ha compared to mild
stress (irrigation after 75% of field capacity)
43 Had a percentage. (Bazazi et al, 2013) By
studying the effect of drought stress on
fenugreek (Trigoneella Foenum-graecum L)
have shown that biological yield and grain
yield are significantly reduced under the
influence of drought stress. (Baghalian et al,
2011) By examining drought stress on
chamomile flower yield, they have observed
that dry stress reduces chamomile flower
yield.

(Razavizadeh et al, 2017) have reported an
18% decrease in the number of umbrellas
per plant and a 33% decrease in seed yield of
the medicinal plant (Carum copticum L) in
reducing the irrigation rate to 70% of the
field capacity and also stated that in the
capacity 50% of the field capacity, the plant
did not reach the seed stage. Decreased plant
dry matter yield in response to drought
stress, on the other hand, may lead to a
decrease in the active ingredient yield of the
medicinal plant. (Pouryousef, 2015) In an
experiment on the fennel plant, it was
reported that the yield of fennel seeds and
essential oil decreased significantly under
the influence of drought stress. Drought
stress with a negative effect on the number
of capsules per plant and seed in the capsule
has caused a significant reduction in black
seed grain yield. (Rezaei Chiyaneh and
Pirzad, 2014) Also in another study on plant
Drought stress causes wet and dry weight
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loss (Bettaieb et al, 2011). (Patel et al, 1996)
have stated that with increasing irrigation
frequency, the number of seeds per umbel in
(Plantago psyllium L) increases. According
to experimental results on asparagus, it is
reported that under low water stress due to
closed pores, reduced leaf area and reduced
photosynthetic activity as well as shortening
the period of seed filling, premature aging
And 1000-seed weight of asparagus is
significantly reduced (Kocheki and Teimori,
2011).

(Ganpat et al, 1992) have studied the
response of asparagus to the number of
irrigations and have concluded that by
increasing the number of irrigations to 5
times, straw yield and up to 4 irrigations,
seed yield increases. (Surendra et al, (1994)
In response of coriander to different amounts
of irrigation, have shown that using 3
irrigations in the stages of branching,
flowering, and grain filling, grain yield and
straw are higher Shows in comparison with
1 and 2 irrigations. (Noroozi Shahri et al,
2015) In an experiment to investigate the
effect of drought stress on yield and yield
components of some native cultivars of
fennel have shown that drought stress
reduces grain yield, percentage and yield of
biomass essential oil. (Lebaschy and Sharifi
Ashoorabadi, 2004) have stated that the
medicinal plants of asparagus, yarrow, sage,
marigold and chamomile reduce shoot
weight, plant height and grain yield by
intensifying drought stress.

The effect of drought stress on oil quality
and percentage in medicinal plants

Although drought stress increases the
percentage of essential oils of the rosemary
(Rosmarinus officinalis L); However, the
essential oil content decreases under drought
stress conditions, which is the case for most
medicinal plants (Manieval et al, 2001).
(Rahmani et al, 2008) have shown that
drought stress has a significant effect on oil
yield and essential oil content of(calendula
officinalis). In another study, drought stress
reduced grain yield, dry weight, root weight
and the amount of coriander oil produced
(Patra et al, 1999). The effect of drought



stress on fatty acids, yield and medicinal
composition of sage has been shown that
drought stress significantly reduces the fatty
acid content of this plant (Bettaieb et al,
2008). (Demir kaya et al, (2006) have shown
in their research that salinity stress reduces
the essential oil yield in plants of the mint
family and on the other hand drought stress
can increase the percentage of essential oils
of most medicinal plants, because In this
case, more metabolites are produced and
these substances prevent the action of
oxidation in the cell. (Wahbi et al, 2005) by
studying the effect of deficient root
irrigation on olive plant (Olea europaea L)
have reported that the percentage of oil, fruit
weight and water use efficiency have
increased as a result of poor root irrigation.

The effect of drought stress on essential
oil compounds in medicinal plants

Research (Schwars et al, 2001) has shown
that cell membranes and organs are the first
site of damage to cells under drought stress
by reactive oxygen species. Plants have
processes in place to counteract these
compounds. They have developed what are
generally known as the antioxidant defense
process. Active substances are made
primarily by genetic processes, but their
quantity and quality are significantly
influenced by environmental factors such as
water, climate, light and soil (Omidbeigi,
1995). Drought is one of the most important
environmental factors affecting the quantity
and quality of essential oils, so that with
increasing drought, the total amount of
essential oil of lemongrass decreases
(Ozturk et al, 2004). Drought stress on
(Padron pepper) also increases phenolic
compounds and increases its intensity
(Estrada et al, 1999). The study of the effect
of water stress on the change of essential oil
composition of basil has shown that with the
application of drought stress, the potential of
the plant leaf water is greatly reduced, but in
contrast to the amount of basil essential oil
to 6.2 ul / g dry weight of the plant increase.
Drought stress has also been shown to
increase linalool and methylcavicol in basil,
although the relative components of
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sesquiterpenes decrease (Simon et al, 1992).
(Okwany et al, 2011) have studied the effect
of low irrigation on yield and quality of
peppermint essential oil (Mentha Spicata L)
and reported that the highest essential oil
yield in the treatment of 73% of complete
water requirement and 60.4 Kg per hectare
has been observed. The highest percentages
of limonene, carvone and myrrh as the main
constituents of essential oil were observed in
treatments 73, 82, 94% of complete water
requirement and the rates of 18.9, 66.67 and
6.14%, respectively. The highest essential
oil harvest index and water consumption
efficiency of essential oil were observed at
the highest stress levels of 0.006 and 0.027
kg / m3, respectively.

It is noteworthy about the amount and
composition of essential oils of lavender
(Lavandula angustifolia) and the difference
in these amounts in different reports, so that
in a report on the amount and composition of
components of lavender essential oil grown
in northern Iran, There is a large difference
between the amount of leaf essential oil
(0.64%) and flowers (6.25%), which are
different in other studies where the most
important components of leaf essential oil
include borneol, cinnabar and camphor.
There is also a big difference between the
type of composition of essential oil
components and the amount of those
components in flowers and leaves (Kara and
Baydar, 2013). The highest thymol content
was obtained in thyme at 70% of field
capacity (Letchamo et al, 1994). In the
medicinal plant rosemary, the production of
essential oils and phenolic compounds
decreases in water-deficient conditions
compared to non-stress conditions (Solinas
et al, 1996).

The effect of drought stress on the
percentage and yield of essential oils of
medicinal plants

In most medicinal plants, drought stress
increases the percentage of their active
ingredients, such as in calendula
(Cymbopogon winterianus Juwit) (Fatima et
al, 1999), (calendula officinalis L)
(Taherkhani et al ., 2011), German



chamomile (Matricaria chamomilla L) and
martigale (Silypbum marianum L) (Vazque,
2010) have been reported. (Rahmani et al,
2008) have reported that drought stress has a
significant effect on the percentage of
essential oil of (calendula officinalis). Their
results show that the highest percentage of
essential oil is obtained in dry conditions.
The results of research on Mexican oregano
have shown that the percentage of essential
oil of this medicinal plant has increased
significantly with the application of drought
stress (Dunford and Vazquez, 2005). In the
study of the effect of moisture regimes on
thyme, the highest percentage of essential oil
yield was obtained under 70% of field
capacity and there was no significant
difference between 90% and 50% moisture
regimes. (Letchamo and Gosselin, 1996).
The effect of drought stress on growth
indices of Lemongrass has shown that
drought stress is effective on leaf area index,
dry matter, plant growth rate and relative
growth rate and percentage and yield of
plant essential oil (Ardekani et al, 2010).
Research on the medicinal plant Cumin
(Cuminum Cyminum L) has shown that the
highest amount of essential oil is obtained at
moderate stress (Bettaieb et al, 2012).
(Safikhani et al, 2007) By studying the effect
of drought stress on the percentage and yield
of essential oil and physiological
characteristics of (Dracocephalum
moldavica) have shown that the highest
percentage of essential oil in the treatment of
moisture stress is 40% of usable plant
moisture. (Misra and Srivastava, 2000) have
observed that water stress significantly
reduces fresh and dry weight and essential
oil yield of peppermint plants.

Estrada et al, (1999) reported that drought
stress increases the percentage and yield of
essential oil in black pepper (Padron piper).
(Zehtab-Salmasi et al, 2001) By examining
the effect of drought stress on the essential
oil yield of some medicinal plants, they have
observed that drought stress increases the
percentage of some essential  oil
compositions of rosemary, but on the
percentage and yield of anise essential oil. It
had no significant effect. Increased essential
oil yield of chamomile under the influence
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of mild drought stress and severe reduction
in essential oil yield under the influence of
severe drought stress have been reported in
research (Farhoudi, 2012). In medicinal
plants such as wormwood (Artemisia
absinthium L) and rosemary (Rosmarinus
officinalis L), no change in the yield of
active ingredients under drought stress
conditions has been observed (Fransworth et
al., 2011). (Ghanbari and Ariafar, 2013)
have studied the effect of low irrigation at
three levels of 70, 50, 30% of field capacity
and application of zeolite on the growth
traits and yield of essential oil in peppermint.
They reported that the highest percentage of
essential oil in low irrigation treatments was
related to the treatment of 30% of field
capacity and the highest essential oil yield
was observed in the treatment of 50% of
field capacity at the rate of 17.5 mg / m2.
Drought stress has affected wet and dry
yield, chlorophyll a and b, soluble sugars,
proline, relative leaf water content and
percentage and yield of peppermint essential
oil (Izadi et al, 2009). In other studies, the
effect of drought stress on the yield of basil,
thyme and rosemary essential oils has been
reported (Solinas and Deiana, 1996).

Experiments with German chamomile
(Matricaria chamomilla L) have shown that
the essential oil content of this plant was
higher in mild stress than in severe stress and
full irrigation (Ahmadian et al, 2011).
(Khorasaninedjad et al, 2016) The highest
percentage of essential oil in the treatment of
26% of usable plant moisture in lavender has
been reported. They have stated that the
amount of essential oil does not always
increase with increasing stress intensity,
because at more intense stresses, the plant
spends most of its photosynthetic material
on the production of osmotic regulatory
compounds such as proline, glycine, betaine
and Sugars such as sucrose, fructose and
fructans to provide the necessary conditions
for its survival. In the study of the effect of
water stress on a species of basil (Ocimum
gratissimum), it was found that plant height,
total chlorophyll content and relative leaf
water content decreased in response to
stress; While the levels of total phenol in the
leaves and roots of stressed plants have



increased by 104% and 97%, respectively,
compared to non-stressed conditions. Also,
despite the increase in the percentage of
essential oil due to stress, the difference
between stressed and non-stressed plants
was not significant (Hazzoumi et al, 2015).
The results of research conducted on the
Mexican oregano plant have shown that a
significant increase in the essential oil
content of this medicinal plant has been
reported due to drought stress. Therefore, it
can be stated that in order to prevent the
decline in essential oil vyield, irrigation
should be stopped as much as possible
(Dunford and Vazquez, 2005). In two
separate studies, the effect of different levels
of drought stress (55, 70, 85, percentage of
field capacity) by (Omidbaigi et al, 2003) in
basil (Ocimum basilicum) and (Hassani,
2006) in Badershbo (Dracocephalum
moldavica) was investigated and the results
It has been shown that in both plants with
increasing drought stress, the percentage of
essential oil increases to 70% of field
capacity, while the yield of essential oil at all
levels of stress decreases compared to the
control treatment. (Petropoulos et al, 2008)
Research has shown that drought stress
increases the quality and yield of essential
oil in parsley.

Other research has shown that in essential oil
of marjoram due to lack of water, the amount
of essential oil increases and due to reduced
cell division, leaf length decreases
(Rizopoulou and Diamantoglon, 1991).
According to experimental results on
lemongrass, mild stress treatment had the
highest essential oil yield, which was higher
than control and severe stress treatment
(Ardakani et al, 2007). (Munne et al, 1999)
stated that drought stress reduced the relative
water (RWC) of rosemary by 40% and
lemongrass by 30% and increased the
amount of tocopherol, the percentage of
essential oil and the amount of soluble
sugars. . Also, the yield of both plants has
been significantly reduced compared to the
non-stress treatment, but the yield of
essential oil has been different from the
results of dry matter yield and the highest
amount of essential oil is obtained in one-
post irrigation after harvest.
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Discussion and conclusion

Environmental stresses are the most
important factor reducing the vyield of
agricultural products worldwide. And have a
significant negative impact on plant
production areas. Given that most of Iran has
an arid and semi-arid climate and a shortage
of water resources, controlling these stresses
to achieve real plant performance and
increase the economic value of the product
is inevitable. Since the effect of drought
stress on the qualitative and quantitative
characteristics of medicinal and aromatic
plants has been less studied, in this study, by
studying and reviewing valid articles, the
results of studies in this field have been
inferred. Drought stress on medicinal plants
has different results in terms of quantitative
and qualitative characteristics, which in
most medicinal plants leads to an increase in
the percentage of essential oil, essential oil
yield and increased essential oil quality, as
well as reduced dry matter, grain yield and
oil percentage has been. In other words, in
this study, due to the application of drought
stress on medicinal plants, it is generally
inferred that the amount of drought stress
has different results in vegetative and
reproductive growth stages in medicinal
plants, leading to different yield results in
these plants. The effect of drought stress
significantly  increases the secondary
metabolites, especially phenolic compounds
in plants and the highest accumulation of
proline and carbohydrates is obtained at the
level of severe drought stress. Drought stress
causes changes in medicinal and aromatic
compounds of medicinal plants. The effect
of dehydration stress is not limited to the
function of essential oil but also affects the
quality of essential oil. Drought stress
increases the percentage of essential oil and
the major constituents of essential oil in
medicinal and aromatic plants. . On the other
hand, mild drought stress increases the yield
of essential oil and severe drought stress
increases the quality of the essential oil.
Also, severe drought stress reduces the
vegetative and reproductive growth of the
plant and plant height, number of lateral



branches and total dry weight of medicinal
plants are reduced. With increasing intensity
of drought stress, the number of seeds
obtained from the plant, 1000-seed weight,
and grain yield decrease. Reducing the
concentration ~ of  chlorophyll and
consequently reducing photosynthesis has a
great effect on reducing the weight of the
economic organs of plants.

Therefore, considering that water has a
major effect on the growth and development
of active ingredients of medicinal plants, and
drought stress is one of the main obstacles in
reducing the production of medicinal plants,
conducting effective research to reduce the
adverse effects of stress. To achieve
economic thresholds, the yield of medicinal
plants seems to be important and
recognizing the different reactions of
medicinal plants to water scarcity and water
resources management in order to increase
productivity and efficiency of water
consumption is of particular importance,
since drought. An important issue for future
climate change is the application of a
drought tolerance strategy. Therefore, the
important issue is the use of drought tolerant
species that it is suggested to identify
drought tolerant cultivars and genotypes for
exploitation and production of medicinal
plants, which can have good grain yield and
essential oil yield. Have under drought stress
conditions.

References

1. Afsharmanesh, B., Afsharmanesh,
Gh., Vakili sShahr babaki, M.A., (2008).
Effect of water deficit and livestock manure
on quantitative and some physiological
characteristics of Plantago ovata Forssk.
Journal of Agricultural NewFinding. 2(4),
327-337. [In Persian with
English.summary].

2. Ahmadian, A., and Nourzad, S.
(2014). Effect of water stress and harvesting
stages on quantitative and qualitative yields
of coriander (Criandrum sativum L.).
Journal of Agroecology 6(1): 130-141. (In
Persian with English summary)

3. Ahmadyan, A., Ghanbari, A,
Siahsar, B., (2011). Effects of drought stress
and use of organic manure and in organic

19

resid ues on yield, and german chamomile
(Matricaria chamomilla L.) Journal of
Agroecology. 3: 3. 383-395. [In Persian with
English Summary].

4, Aliabadi, F. H., Lebaschi, M. H.,
Shiranirad, A. H., Valadabadi, A. R. and
Daneshian, J. (2008). Effects of arbuscular
mycorrhizal fungi, different levels of
phosphorus and drought stress on water use
efficiency, relative water content and proline
accumulation rate of coriander (Coriandrum
sativum L.). Journal Medicinal Plant
Research 2(6): 125-131.

5. Alishah H.M., Heidari R., Hassani
A., and Dizaji A. (2006). Effect of water
stress on some morphological and
biochemical characteristics of purple Basil
(Ocimum basilicum). Journal of Biological
Sciences, 6(4):763-767.

6. Anjum S.H, Xie X., Wang L.C.,,
Farrukh Saleem M., Man C., and Lei W.
(2011). Morphological, physiological and
biochemical responses of plants to drought
stress. African Journal of Agricultural
Research, 6(9): 2026-2032.

7. Ardakani, M. R., Abbaszadeh, B.,
Sharifi Ashourabadi, E., Lebaschi, M. H.,
Packnejad, F., (2007). The effect of water
deficit on quantitative and qualitative
characters of balm (Melissa officinalis L.).
Iranian Journal of Medicinal and Aromatic
Plants. 23(2), 251-261. [In Persian with
English Summary].

8. Ardekani, M. R., Abbaszadeh, B.,
Sharifi ashorabadi, A., Lebaschi, M.,
Moaveni, P. and Mohabbati, F. (2010).
Effect of drought stress on growth indices of
Lemon balm (Melissa officinalis L.). Plant
and Ecosystem Journal, 6(21), 47-58. (Text
in Persian)

9. Arndt, S. K. K., Clifford, S. C,,
Wanek, W., Jones, H. G. and Popp, M.
(2001). Physiological and morphological
adaptations of the fruit tree Ziziphus
rotundifolia in response to progressive
drought stress. Tree Physiology 21: 705-
715.

10. Aziz E.E., Hendawi S.T., Azza
E.E.D., and Omer E.A. (2008). Effect of soil
type and irrigation interval on plant growth,
essential oil yield and constituents of
Thymus vulgaris plant. American-Eurasian



Journal of Agriculture and Environment
Sciences, 4(4):443-450.

11. Baghalian K., Abdoshah S,
Khalighi-Sigaroodi F., and Paknejad F.
(2011). Physiological and phytochemical
response to drought stress of German
chamomile (Matricaria recutita L.). Plant
Physiology and Biochemistry, 49: 201-207.
12. Bandurska, H. and Jozwiak, W.
(2010). A comparison of the effects of
drought on proline accumulation and
peroxidases activity in leaves of Festuca
rubral L. and Lolium perenne L. Department
of Plant Physiology 79(2): 111-116.

13. Barnabas, B., Jager, K. and Feher, A.
(2007). The effect of drought and heat stress
on reproductive processes in cereals. Plant
Cell and Environment 31(1): 11-38.

14. Barsa, A. (1997). Mechanism of
environmental stress resistance in plant.
Harward Acadamic Press, Harward.

15. Bazazi, N., Khodambashi, M. and
Mohammadi, Sh. (2013). The effect of
drought  stress  on morphological
characteristics and yield components of
medicinal plant fenugreek, Journal of Crop
Production and Processing, 3(8), pp. 11-22.
(In Persian).

16. Bettaieb 1., Zakhama N., Wannes
W.A., Kchouk M.E., Marzouk B. (2008).
Water deficit effects on Salvia officinalis
fatty acids and essential oils composition
Science Journal of Horticulture, 120 (2):
271-275.

17. Bettaieb, 1., Hamrouni-Sellami, 1.,
Bourgou, S., Limam, F., and Marzouk, B.
(2011). Drought effects on polyphenol
composition and antioxidant activities in
aerial parts of Salvia officinalis L. Acta
Physiologiae Plantarum 33: 1103—1111.
18. Bettaieb, 1., Jabri-Kroui, 1.,
Hamrouni-sellam, I., Bourgou, S., Limam,
F., and Marzouk, B. (2012). Effect of
drought on the biochemical composition and
antioxidant activities of cumin (Cuminum
cyminum L.) seeds. Industrial Crops and
Products 36: 238-245.

19.  Carrubba, A., La Torre, R., and
Matranga, A. (2002). Cultivation Trials of
some Aromatic and medicinal plants in
semi-arid  Mediterranean  Environment

20

Proceeding of an International Conference
on MAP. Acta Hort (ISHS). 576: 207-213.
20. Chatterjee, S.K. (2002). Cultivation
of Medicinal and Aromatic Plants in India-a
Commercial Approach. Proceeding an
International Conference on MAP. Acta
Hort (ISHS). 576: 191-202.

21. Demir Kaya M., Gamze O., Yakup
M.C. 2006. Seed treatments to overcome salt
and drought stress during germination in
sunflower (Helianthus annuus L.). European
Journal of Agronomy, 24: 291-295.

22. Dunford, N.T. and Vazquez, R.S.,
(2005). Effect of water stress on plant
growth and thymol and carvacol
concentrations in Mexican oregano grown
under controlled conditions. Journal of
Applied Horticulture, 7(1): 20-22.

23. Esmaielpour, B., Jalilvand, P., and
Hadian, J. (2013). Effects of drought stress
and arbuscular mycorrhizal fungi on some
morphophysiological traits and vyield of
savory (Satureja hortensis L.). Journal of
Agroecology 5(2): 169-177. (In Persian with
English summary).

24. Estrada, B., Pomar, F., J., Merino, F.
and Bernal, M. A. (1999). Pungency level in
fruits of the Padron pepper with different
water supply. Sciential Horticulture 81(4):
385-396.

25. Farhoudi R. (2012). Effect of
drought stress on growth and essential oil
yield of three German Chamomile cultivar,
Journal of Essential Oil Bearing Plant.
17(3):15-22.

26. Fatima, S., Farooqi, A.H.A., Ansari,
S.R. and Sharma, S. (1999). Effect of water
stress on growth and essential oil
metabolism in  Cymbopogon  martini
(Palmarosa) cultivars. Journal of Essential
Oil Research, 11(4): 491-496.

217. Fransworth, G., Alegre H. and Cela,
M. (2011). Water deficit effects on
Artemisia absinthium growth, essential oil.
Industrial Crops and Products, 33(2): 423-
429.

28. Ganpat, S., S. Ishwar and D. S.
Bahati. (1992). Response of blond pysllium
(Plantago ovate) to irrigation and split
application of nitrogen. Indian Juornal
Agronomy. 37: 880-881.



29. Gende, L., Maggi, M., Van Baren, c.,
Lira, A.D.L., Bandoni, A., Fritz, R., et al.
Antimicrobial and miticide activities of
Eucalyptus globules essential oils obtained
from different Argentine regions. Span J
Agricul Res (2010); 8(3): 642-50.

30.  Ghanbari, M. and Ariafar, S. (2013).
The effects of water deficit and zeolite
application on growth traits and oil yield of
medicinal peppermint (Mentha piperita L.).
International Journal of Medicinal and
Aromatic Plants, 3(1): 32-39.

31.  Grattan, S.R., and Grieve, C.M.
(1999). Salinity-mineral nutrient relations in
horticultural crops. Scientia Horticulturae.
78:127-157.

32. Hassani, A., (2006). Effect of water
deficit stress on growth, yield and essential
oil content of Dracocephalum moldavica.
Iranian Journal of Medicinal and Aromatic
Plants, 22(3): 251-261. (in Persian).

33. Hazzoumi, Z., Moustakime, Y.,
Elharchli, H. and Joutei, K.M., (2015).
Effect of arbuscular mycorrhizal fungi
(AMF) and water stress on growth, phenolic
compounds, glandular hairs, and yield of
essential oil in basil (Ocimum gratissimum
L.). Chemical and Biological Technologies
in Agriculture, 2: 1-11.

34. Heidari, N., Pouryousef, N.,
Tavakkoli, A., Saba, J., (2012). Effect of
drought stress and harvesting date on yield
and essential oil production of anise
(Pimpinella anisum L.). Iranian Journal of
Medicinal and Aromatic Plants. 28(1), 121-
130. [In Persian with English Summary].
35. Izadi, Z., Asnaashari, M. and
Ahmadvand, G. (2009). Influence of drought
tension on vyield, proline contents, soluble
sugars, chlorophyll, relative water contents
and essential oil in peppermint (Mentha
piperita L). Iranian Journal of Horticultural
Science, 10(3), 223-234. (in Farsi)

36.  Jahanara, F. and B. Haerizadeh.
(2001). Information and Application of
Iranian Official Hherbal Drugs Razi Darou
Gostar Pub (In Persian).

37. Kara, N., and Baydar, H., (2013).
Determination of lavender and lavandin
cultivares. (Lavandula sp) containing high
quality essential oil in Isparta, Turkey.
Turkish Journal of Field Crops.18(1): 58-65.

21

38. Khalafallah, A.A., and Abo-Ghalia,
H.H. (2008). Effect of arbuscular
mycorrhizal fungi on the metabolic products
and activity of antioxidant system in wheat
plants subjected to short-term water stress,
followed by recovery at different growth
stages. Journal of Applied Sciences
Research 4(5): 559-5609.

39.  -Khalil S.E., Abd EI-Aziz N.G., and
Abou Leila B.H. (2010). Effect of water
stress and ascorbic acid on some
morphological and biochemical composition
of Ocimum basilicum plant. Journal of
american science, 6(12):33-44.

40. Khorasaninedjad, S., Soltanlu, H.,
Ramezanpoor, S. S., Hadian, J. and Atashi,
S., (2016), The effect of drought stress on the
growth, essential oil yield and chemical
composition of Lavender, Journal of Crop
Improvements, 17(4):979-988. (In Persian).
41, Kocheki, A., and Teimori, M.,
(2011). Effect of irrigation intervals on yield
and fertilizer Tuesday herbs, lavender,
hyssop and rosemary in Mashhad. Iranian
Journal of Field Crops Research. 9(1), 78-
87. [In Persian with English Summary].

42, Kusano T., Berberich T., Tateda C.,
Takahashi Y. (2008). Polyamines: essential
factors for growth and survival. Planta, 228:
367-381.

43. Lebaschy, M. H. and Sharifi
Ashoorabadi, A. (2004). Growth indices of
some medicinal plants under different water
stresses. Iranian Journal of Medicinal and
Aromatic Plants 20(3): 249-261 (in Persian).
44, Letchamo, W. and Gosselin, A,
(1996). Transpiration, essential oil glands,
epicuticularwax and morphology of Thymus
vulgaris are influenced by light intensity and
water supply. Journal of Horticultural
Science, 71(1): 123-134.

45, Letchamo, W., Marquard, R., Holzl,
J. and Gosselin, A., (1994). Effect of water
supply and light intensity on growth and
essential oil of two Tymus vulgaris selection.
Angewandte Botanik, 68(3-4): 83-88.

46. Manieval S., Thierry D., Christiane
G. (2001). Relationship between biomass
and phenolic in grain sorghum grown under
different conditions. Agronomy Journal,
93:49-54.



47. Misra, A. and Srivastava, N. K.
(2000). Influence of water stress on Japanese
mint. Journal of Herds, Spices and
Medicinal Plants 7(1): 51-58.

48. Mizanzadeh, H. and Imam, Y.
(2010). Investigation of indices of leaf area,
height, photosynthetic rate, stomatal
conductance of four species of wheat under
the drought tension. Ecophysiology of
Agricultural Plants, 2(2), 111-121. (in Farsi)
49, Mohamed, M. A. H., Harris, P. J. C.,
Henderson, J. and Senatore, F. (2002).
Effect of drought stress on the yield and
composition of volatile oils of drought-
tolerant and non-droughttolerant clones of
Tagetes minuta. Journal of Medicinal Plant
and Natural Product Research 68(5): 472-
474,

50. Monakhova O. F., and Chernyadev I.
I. (2002). Protective role of kartolin-4 in
wheat plants exposed to soil drought.
Applied  Environmental  Microbiology,
38(4), 373-380.

51.  Movahhedy Dehnavy, M., Modarres
Sanavy., S.A.M., Sorushzadeh, A. and Jalali,
M., (2002). Changes in proline, total soluble
sugars, SPAD and chlorophyll fluorescence
in winter safflower cultivars under drought
stress and foliar application of zinc and
manganese. Desert, 9(1): 95-1009.

52. Mozzafari, F., Ghorbanli, S., Babai,
M. and Farzami, A., (2000). The effect of
water stress on the seed oil of Nigella sativa
L. Journal of Essential Oil Research, 12: 36-
38.

53. Munne, S., Schwarz, K., Alegre, L.,
Horvath, G., and Szigeti, Z., (1999). Alpha-
tocopherol protection against drought,
induced damage in Rosmarinus officinalis L
and Melissa officinalis L. proceedings of an
International workshop at Tata, Hungary,
23-26 August.

54, Neumann, P.M., (2008). Coping
mechanisms for crop plants in drought-
prone environments. Annals of Botany,
101(7): 901-907.

55. Noroozi Shahri, F., M. Pouryousef,
A. Tavakoli, J. Saba and A. Yazdinezhad.
(2015). Evaluation the performance of some
of Irans native fennel (foeniculum vulgare
Mill.) accessions under drought stress

22

condition. Iranian Journal of Field Crop
Science, 46(1): 49-56 (In Persian).

56. Okwany, R. O., Peters, T. R., Ringer,
K. L., Walsh, D. B. and Rubio, M., (2011).
Impact of sustained deficit irrigation on
spearmint (Mentha spicata L.) biomass
production, oil yield, and oil quality.
Irrigation Science, 30(3), pp. 213-219.

57.  Omidbaigi, R., Hassani, A. and
Sefidkon, F., (2003). Essential oil content
and composition of sweet basil (Ocimum
basilicum) at different irrigation regimes.
Journal of Essential Oil Bearing Plants, 6(2):
104-108.

58.  Omidbeigi, R., (1995). Approaches
to the Production of Medicinal Products,
Fekre Rooz.

59. Ozturk, A., Unluka, A., Ipek, A.,
Gurbuz, B., (2004). Effects of salt stress and
water deficit on plant growth and essential
oil content of Lemon Balm Melissa officialis
L. Pakistan Journal of Botany. 36(4): 787-
792.

60.  Patel, B. S, S. G. Sadaria and J. C.
Patel. (1996). Influence of irrigation,
nitrogen and phosphorus on yield, nutrient
uptake and water use efficiency of blond
pysllium (Plantago ovate). Indian Juornal of
Agronomy. 41: 136-139.

61. Patra, D. Anwar, M., Saudan, S.,
Prasad, A., and Singh, D.V. (1999).
Aromatic and medicinal plants for salt and
moisture stress conditions. Proceeding of a
Symposium Held in Indian. Pp. 347-350.
62. Petropoulos, S. A., Daferera, D.,
Polissiou, M. G. and Passam, H. C. (2008).
The effect of water deficit stress on the
growth, yield and composition of essential
oils of parsley. Sciential Hor ticulture 15(4):
393-397.

63. Pouryousef, M. (2015). Effects of
terminal drought stress and harvesting time
on seed yield and essential oil content of
fennel (Mill.). Iranian Journal of Medicinal
and Aromatic Plants, 30(6): 889-897 (In
Persian).

64. Prior, R.L. and Cao, G. (2000). Anti
oxidant phytochemicals in fruits and
vegetables. Diet and health implications.
Horticultural Science. 35: 588-92. Anjum
S.H, Xie X., Wang L.C., Farrukh Saleem M.,
Man C., and Lei W. 2011. Morphological,



physiological and biochemical responses of
plants to drought stress. African Journal of
Agricultural Research, 6(9): 2026-2032.

65. Rahmani N., Aliabadi Farahani H.,
Valadabadi S.A.R. (2008). Effects of
nitrogen on oil yield and its component of
Calendula (Calendula officinalis L.) in
drought stress conditions. Abstracts Book of
The world congress on medicinal and
aromatic plants, South Africa, 364 p.

66. Rajinder, S.D., (1987). Glutathione
status and protein synthesis during and
subsequent dehydration in Torula rulis.
Plant Physiology, 83: 816-8109.

67. Razavizadeh, R., Shafeghat, M.,
Najafi, Sh., (2017). Effect of water deficit on
morphological and physiological parameters
of Carum copticum. Iranian Journal of plant
Biology 6(22), 25-38.[ In Persian with
English.summary].

68. Rezaei Chiyaneh, E. and Pirzad, A.,
(2014). Effect of salicylic acid on yield,
component yield and essential oil of black
cumin (Nigella sativa L.) under water deficit
stress. Iranian Journal of Field Crops
Research, 12(3): 427-437.

69. Rezaei Chiyaneh, E., S. Zehtab
Salmasi, k. Ghasemi Golezani and A.
Delazar. (2012). Physiological responses
fennel (foeniculum wvulgare L.) to water
limitation. Agroecology Journal, 4(4): 347-
355 (In Persian).

70. Rezapor, A.R., Heidari, M., Galavi,
M. and Ramrodi, M., (2011). Effect of water
stress and different amounts of sulfur
fertilizer on grain vyield, grain vyield
components and osmotic adjustment in
Nigella sativa L. Iranian Journal of
Medicinal and Aromatic Plants, 27(3): 384-
396.

71. Rizopoulou, S. and Diamantoglon,
S., (1991). Water stress, induced diurnal
variation in leaf water relation stomatla
conductance, soluble sugar, lipids and
essential oil content Of Origanum majorana.
L. Journal of Horticultural Science, 66:119-
250.

72. Royo, C., Garciadel Moral, L.F.,
Aparicio, N., Villegas, D., Casadesus, J. and
Araus, J.L., (2000). Tools for improving the
efficiency of durum wheat selection under

23

Mediterranean conditions.  International
Journal of Remote Sensing, 14: 1887- 1905.
73. Safikhani, F. (2006). Investigation of
physiological aspects of drought resistance
in Dragonhead (Dracocephaalum moldavica
L.). Ph.D. thesis, Shahid Chamran
University, Ahvaz, Ramin Higher Education
Agriculture and Natural Resources. (in

Farsi)
74.  Safikhani, F., Heydarisharifabad, H.,
Siadat, S. A., Sharifiashurabadi, A.,

Seyednedjad, S. M. and Abbaszadeh, B.,
(2007). The effect of drought stress on
percentage and yield of essential oil and
physiological characteristics of
Deracocephalum moldavica L., Iranian
Journal of Medicinal and Aromatic Plants,
23(1), pp. 86-99. (In Persian).

75.  Salama, I., Ghnaya, T., Hessini, K.,
Messedi, D., Savoure, A. and Abdelly, C.
(2007). Comparative study of the effects of
mannitol and PEG osmotic stress on
growth and solute accumulation in
Sesuvium portulacastrum. Environmental
and Experimental Botany 61: 10-17.

76.  Schwars, K., Bertelsen, G., Nissen,
L.R., Gardner, P.T., Heinonen, M.l. and
Hopia, A., et al., (2001). Investigation of
plant extracts for antioxidant assay based on
radical scavenging, lipid oxidation and
analysis of the principal antioxidant
compounds. Food Research Technology.
212: 319-328.

17. Sharifi Ashoorabadi, E., Matin, M.,
Lebaschi, H., Abbaszadeh, B. and Naderi, B.
(2005). Effects of water stress on quantity
yield in  Achillea millefolium.  1st
International Conference on The Theory and
Practices in Biological Water Saving,
Beijing, China.

78. Simon, J.E., Reiss-Bubenheim, D.,
Joly, R.J. and Charles, D.J. (1992). Water
stress-induced alterations in essential oil
content and composition of sweet basil.
Journal of Essential Oil Research, 4(1), 71-
75.

79. Singh, M., Ganesha-Rao, R.S. and
Ramesh, S., (1997). Irrigation and nitrogen
requirement of lemongrass (Cymbopogon
flexuosus (Sleud) Wats) on a red sandy loam
soil under semiarid tropical conditions.



Journal of Essential Oil Research, 9(5): 569-
574.

80. Singh, R., Shushni, M.A. and
Belkheir, A., (2015). Antibacterial and
antioxidant activities of Mentha piperita L.
Arabian Journal of Chemistry, 8(3): 322-
328.

81.  Solinas, V. and Deiana, S., (1996).
Effect of water and nutritional conditions on
the Rosmarinus officinalis and Thymus
vulgaris phenolic fraction and essential oil
yields. Italian Eppos, 19: 189-198.

82.  Solinas, V., Deiana, S. Gessa, C.
Bazzoni, A. Loddo, M.A. and Satta, D.,
(1996). Effect of water and nutritional
conditions on Rosmarinus officinalis
Phenolic fraction and essential oil yield.
Rivista Italiana EPPOS, 19: 189-198.

83.  Sreevalli, Y. Baskaran, K.,
Chandrashekara, R., Kuikkarni, R., Sushil
Hasan, S., Samresh, D., Kukre, J., Ashok,
A., Sharmr Singh, K., Srikant, S., and
Rakesh, T. (2001). Preliminary observations
on the effect of irrigation frequency and
genotypes on yield and alkaloid
concentration in periwinkle. Medicinal and
Aromatic Plant Science. 22: 356-358.

84. Surendra, S. R., K.P. Tomar, K.P.
Gupta. A. Mohd and K. B. Nigam. (1994).
Effect of irrigation and fertility levels on
growth and yield of coriander (Coriandrum
sativum). Indian Juornal of Agronomy. 30:
442-447.

85.  Taheri, M. (2010). Effect of drought
stress on physiological nand phytochemical
charestrictis of Cichorium intybus. Journal
of Crop Ecophysiology, 2(3): 12-21.

86. Taherkhani, T., Rahmani, N.,
Moradi, A. and Zandi, P., (2011).
Assessment of nitrogen levels on flower
yield of Calendula grown under different

24

water deficit stress using drought tolerant
indices. Journal of American Science, 7(10):
591-598.

87.  Vazque, Z., (2010). Essential oil
content and composition of Silybum
marianum at different irrigation regimes.
Journal of Agronomy, 10(2): 969-1002.

88.  Wahbi, S., Wakrim, R., Aganchich,
B., Tahi, H. and Serraj, R., (2005). Effects of
partial root-zone drying (PRD) on adult
olive tree (Olea europaea) in field
conditions  under arid climate |.
Physiological and agronomic responses.
Agriculture, Ecosystems and Environment,
106, pp. 289-301.

89. Watkinson, J.I., H endricks, L.,
Sioson, A.A., Heath, L.S., Bohnert, H.J. and
Grene, R., (2008). Tuber development
phenotypes in adapted and acclimated,
drought-stressd Solanum tuderosum ssp.
andigena have distinct expression profiles of
genes associated with carbon metabolism.
Plant Physiology and Biochemistriy, 46: 34-
45.

90. Wu, S., Ning, F., Zhang, Q., (2017).
Enhancing omics research of crop responsas
to drought under field condition Front Plant
Sci 8, 174.

91.  Zehtab-Salmasi S., Javanshir A.,
Omidbaigi R., Aly- Ari H. and Ghassemi-
Golezani K., (2001). Effects of water supply
and sowing date on performance and
essential oil production of anise (Pimpinella
anisum L.). Acta Agronomy Hungarica,
49(1): 75-81.

92.  Zobayed, S.M.A., Afreen, F., Kozali,
T., (2007). Phytochemical and physiological
changes in the leaves of St. Johns wort plants
under a  water stress  condition.
Environmental and Experimental Botany.
56, 109-116.



