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ABSTRACT

Lamiaceae is one of the most important families with numerous medicinal species. Water stress is
considered to be a major environmental factor affecting agriculture productivity worldwide and causing
considerable crop yield reductions. Drought stress reduces growth of medicinal and aromatic plants. Secondary
metabolites are synthesized by plants due to plant adaptation in response to biotic and abiotic stresses. Drought
stress affects essential oil percentage and essential oil content differently, because drought stress increases the
essential oil percentage but decreases shoot biomass, therefore essential oil content decreases. This review
summarizes experimental researches about drought stress and its effects on growth and active substances of
some medicinal plants from Lamiaceae family. It has recently been proposed that abiotic stresses such as
drought acting individually as well as synergistically may be the important drivers in the evolutionary
development and contemporary production of many types of secondary metabolites including terpenes.
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Introduction

The Lamiaceae (Labiatae) is one of the most
diverse and widespread plant families in terms of
ethnomedicine and its medicinal value is based on
the volatile oils concentration [23]. The Lamiaceae
plant family is one of the largest families among the
dicotyledons, being composed of more than 240
genera, many species belonging to the family being
highly aromatic, due to the presence of external
glandular structures that produce volatile oil [6]. This
oil is important in pesticide, pharmaceutical,
flavouring, perfumery, fragrance and cosmetic
industries [16]. 

Medicinal plants have an important value in the
socio-cultural, spiritual and medicinal use in rural and
tribal lives of the developing countries [8]. People
around the world use between 50,000 to 80,000

flowering plants for medicinal purposes [15].
Medicinal and aromatic plants, are known to be used
by 70% to 80 % of global population for their
medicinal therapeutic effects as estimated by WHO
[26].

A cell is separated from its surrounding
environment by a physical barrier, which is the
plasma membrane. This membrane is permeable to
only some small lipid molecules such as steroid
hormones, which can diffuse through the membrane
into the cytoplasm and is impermeable to the water-
soluble material including ions, proteins and other
macromolecules. The cellular responses are initiated
primarily by interaction of the extracellular material
with a plasma membrane protein. This extracellular
molecule is called a ligand (or an elicitor) and the
plasma membrane protein, which binds and interacts
with this molecule, is called a receptor. 
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Various stress signals both abiotic as well as
biotic serve as elicitors for the plant cell. Water
deficit stress known as the drought stress. Removal
of water from the membrane disrupts the normal
bilayer structure and results in the membrane
becoming exceptionally porous when desiccated.
Stress within the lipid bilayer may also result in
displacement of membrane proteins and this
contributes to loss of membrane integrity, selectivity,
disruption of cellular compartmentalization and a loss
of activity of enzymes, which are primarily
membrane based. In addition to membrane damage,
cytosolic and organelle protein may exhibit reduced
activity or may even undergo complete denaturation
when dehydrated. The high concentration of cellular
electrolytes due to the dehydration of protoplasm
may also cause disruption of cellular metabolism
[13].

Drought stress reduces yield of medicinal and
aromatic plants by three main mechanisms: First,
who le  canopy  absorp t ion  o f  i nc iden t
photosynthetically active radiation may be reduced,
either by drought-induced limitation of leaf area
expansion, by temporary leaf wilting or rolling during
periods of severe stress, or by early leaf senescence.
Second, drought stress decreased the efficiency with
which absorbed photosynthetically active radiation is
used by the crop to produce new dry matter (the
radiation use efficiency). This can be detected as a
decrease in the amount of crop dry matter
accumulated per unit of photosynthetically active
radiation absorbed over a given period of time, or as
a reduction in the instantaneous whole-canopy net
CO2 exchange rate per unit  absorbed
photosynthetically active radiation. Third, drought
stress may limit grain yield of medicinal and
aromatic plants by reducing the harvest index (HI).
This can occur even in the absence of a strong
reduction in total medicinal and aromatic plants dry
matter accumulation, if a brief period of stress
coincides with the critical developmental stage
around flowering [3]. Secondary metabolites are
synthesized by plants due to plant adaptation in
response to biotic and abiotic stresses (infection,
water stress, cold stress, high visible light) [20].

Drought stress affects essential oil percentage
and essential oil content differently, because drought
stress increases the essential oil percentage but
decreases shoot biomass, therefore essential oil
content decreases [2]. This review summarizes
experimental researches about drought stress and its
effects on growth and active substances of some
medicinal plants from Lamiaceae family.

Thyme:

In an Egyptian experiment [4], four irrigations
intervals (3, 5, 7 and 10 days) were investigated on

plant growth, essential oil yield and its main
constituents of Thymus vulgaris plants. The plants
received irrigation every three days recorded
significant increase in plant height, fresh and dry
weight of herb per plant as compared with plants
irrigated every 5, 7 and 10 days. Plants irrigated
every 10 days gave the highest relative percentage of
thymol. They showed that the rate of transformation
of p-cymene to thymol is higher under stress
conditions.

An experiment was undertaken to determine the
herbage biomass and oil production of thyme
(Thymus vulgaris L.) in 2003 and 2004 in the semi-
arid region of Khorasan in Iran. The experiment was
carried out with three irrigation intervals. Irrigation
intervals consisted of 7, 14, and 21 days.  Irrigation
intervals did not change total harvested herbage
biomass and oil production. The results showed that
there is a high potential for saving water through
longer irrigation intervals (e.g. 14 days) using locally
adapted plants in the semi-arid conditions of
Khorasan [12]. 

Basil:

Khalil et al. [11] studied the effect of different
levels of water stress (30, 50 and 70% depletion of
available soil moisture), on some morphological and
biochemical characteristics of basil plant. This pot
experiment was conducted in greenhouse. The results
of analysis showed that water stress has significant
effect on morphological and biochemical
characteristics. 

Plant height, number of branches, number of
leaves, leaf area, fresh and dry weights of the first
cut showed significant increase under 50% soil
moisture level while further increase in water stress
level showed significant decrease in previously
mentioned parameters. The same tendency was
observed for relative water content % as well as
photosynthetic pigments concentrations (chla, chlb,
total chla+b and carotenoids). 

While in the second cut, the previously
mentioned characters showed progressive decrease
with increasing water stress level (except for
photosynthetic pigments which revealed the same
trend as in the first cut). Reveres trend observed for
oil% and proline content. 

In an Iranian study, the effects of different levels
of water stress on some morphological and
biochemical characteristics of purple basil was
investigated. Different level of water stress were 100
(control), 90, 80, 70, 60 and 50% of field capacity.
The results showed as the soil water content
decreased, the plant height, stem diameter, number
and area of leaves, leaf area index, herb yield and
leaf chlorophyll contents decreased but the amount of
anthocyanin and proline increased [14].
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Radacsi et al. [21] showed that different levels
of soil water capacity (SWC 30-50-70 %) resulted in
significant changes in physiological parameters of
Ocimum basilicum L. ’Genovese’ in a pot
experiment. Compared to the control plants (water
supply to 70 % SWC) the driest condition (30 %
SWC) caused a decrease of the relative water content
(RWC) in the plants by 20 %. Additionally, their
water potential was reduced to 45 % of the control
plants. The same treatment increased the
concentration of malondialdehyde (MDA) indicating
the level of oxidative stress, by 52 % compared to
the leaves of the control plants. However, under a
moderate water deficit (50 % SWC), the plants
exhibited a less severe decrease in RWC and water
potential, as well as less oxidative stress. Although
the reduction of the SWC to 50 % did not
significantly affect the dry shoot mass, a more severe
water stress (30 % SWC) reduced it by 34 %,
compared to the control plants. The essential oil
concentration per plant dry mass showed only a
slight increase in consequence of drought stress
(significant at 90 % confidence level). The essential
oil production calculated to a single individual is
determined basically by the changes in the biomass,
thus, the lowest results were found in the driest soil.
Water supply modified the quantitative composition
of the oil: the proportion of linalool decreased from
59.68 to 44.39 %. The samples of the stressed plants
contained some minor components, (ß-myrcene, 2-
octanone) not present in the control samples.

Another work [10] indicated the influence of
water stress on vegetative growth, essential oil,
proline, total carbohydrates, N, P, K, and protein
contents of two species of an herb plant ie Ocimum
basilicum L. (sweet basil) and Ocimum americanum
L. (American basil). Seedlings were treated with
different levels of water-stress, determined as a
percentage of field water capacity (FWC) by weight
(50, 75, 100, and 125%). Fresh and dry weights of
the herbs were significantly influenced by water
stress. For both species under water stress, essential
oil percentage, the main constituents of essential oil,
proline, and total carbohydrate content increased, and
N, P, K, and protein content decreased. Seventy five
percent field water capacity resulted in the highest
yield of herb and essential oil for both species.

Balm:

In order to study the effects of irrigation levels
on essential oil of balm (Melissa officinalis L), a
research was performed under field conditions at
Karaj, Iran [1]. Treatments included T1 (non stress),
T2 (80% FC), T3 (60% FC), T4 (40% FC) and T5
(20% FC). Irrigation levels did not provide
significant effects on number of lateral stem. Results
showed that highest shoot yield and plant height

belonged to T1 (non stress), highest essential oil
yield was achieved on T4 (40%FC) and essential oil
percent related to T5 (20%FC). Highest stem
diameter was related to T5 (20%FC). They concluded
that moderate drought stress is beneficial for balm
essential oil. Ozturk et al. [17] reported that essential
oil ratio affected positively by increasing water
deficit. Water deficiency increased essential oil from
0.12 to 0.16%. Lemon balm was found highly
tolerant against water stress. Dry yield under water
deficit varied from 13.05 to 19.20 g per plant.
Reduction in yield was not statistically significant till
25 % water deficiency. It  has to be noted that
tannin-like plant phenolics are considered to be plant
defense metabolites and their production in the plant
increases under stress conditions. This fact is used to
stimulate the production of rosmarinic acid in cell
cultures with considerable results [24].

Other Members of Lamiaceae:

The stress can change quality and quantity of
essential oils. It has been previously assumed that
Salvia sp. would produce high–quality oils only
under stressful conditions (high temperature, drought,
low fertility) [7]. In order to study the interaction
between drought stress with salicylic and ascorbic
acid on some biochemical criteria of Satureja
hortensis, a factorial experiment with a completely
randomized design in three replications and different
combination of three levels of irrigation (1/3, 2/3 and
total field capacity), three levels of salicylic acid (0,
1 and 3 mM) and three levels of ascorbic acid (0, 1
and 3 mM) under greenhouse conditions was
conducted. Results, revealed under aridity, sugar
content and protein content of S. hortensis, were
decreased; however, proline and lipid peroxidation
increased. The results concluded that when drought
stress affected the plants, the protective mechanism
was activated. The reduction of protein content in
this condition showed that drought stress affected
protein synthetic and degradation. The reduction of
sugar content showed that stress affected the
photosynthetic process. On the other hand, in the
presence of both salicylic and ascorbic acids, the
harsh influences of water deficit reduced and some
growth parameters increased. It seemed that two
external acids were able to enhance the tolerant
ability of the plant to aridity stress [27]. 

Two pot trials were carried out to investigate the
impact of irrigation intervals (3, 5 and 7 days),
potassium-humate (spraying at 1%) and/or nitrogen
fertilizer levels (0, 0.6 and 1.2 g N pot -1 as
ammonium sulphate) on the fresh weight of herb and
essential oil of oregano plants. Irrigating plants every
7 days and with 1.2 g N pot -1 was effective in
raising the productivity of herb and the content and
yield of essential oil. 
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The interaction between these treatments gave
the best results [22]. 

Conclusion:

It has recently been proposed that abiotic stresses
such as drought, photodamage, nutrient deficit and
climate change acting individually as well as
synergistically may be the important drivers in the
evolutionary development and contemporary
production of many types of secondary metabolites
including terpenes [5,9,18,19,25,28,29,30].
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