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Drought is the most important abiotic factor limiting growth, adversely affect growth and crop
production. Stresses, resulting in the non-normal physiological processes that influence one or a
combination of biological and environmental factors. Stress can damage which has occurred as a result
of an abnormal metabolism and may reduce growth, plant death or the death of the plant develops.
Production is limited by environmental stresses, according to different scholars estimates, only 10
percent of the world's arable land is free from Stress, in general, a major factor in the difference between
yield and potential performance, environmental stresses. Drought and stress is the most common
environmental stresses that almost 25 percent of agricultural lands for agricultural farm products in
the world is limited. Drought risk to successful production of crops worldwide and occurs when a
combination of physical and environmental factors causing stress in plants and thus reduce
production.

INTRODUCTION
The crop growth and development are constantly
influenced by environmental conditions such as stresses
which are the most important yield reducing factors in
the world (Dennis, 2000). Drought stress is considered as
one of the crop performance limiting factors and a threat
for successful crop production. Drought tolerance is
important trait related to yield. To improve this trait,
breeding requires fundamental changes in the set of
relevant attributes, finally emerging as something named
drought tolerance (Maleki et al, 2013). Drought, one of
the most important environmental stresses that in many
parts of the world, especially in warm and dry areas of
crop yield are limited (Porudad and Beg, 2003).
International Maize and Wheat Research Center
researchers believe that the stiffness on wheat growth
stages occur in three ways. In the first case, which is
specific to the Mediterranean climate, the rainfall occurs
during the winter and transplant only after the flowering
stage drought are faced. The stiffness of about 6 million
hectares of land occurs wheat (Kafi and Mahdavi
Damghani 1999). The second type drought during the

winter and the plants before flowering occurs after this
period will not be encounter with drought. Van-Ginkel
(1998) suggests that more than 3 million hectares of land
under wheat cultivation of this type are affected by
drought. The third type of wheat growth period occurs
continuously in all of moisture stored in the soil and plant
growth follows. Two to three million acres of wheat in the
world of this type of drought is affected.

UNDERSTANDING
DROUGHT BY PLANTS
Plant roots can sign (warning) to send the air to show that
they are under water stress and tension we experience
before he leaves, stomata are closed. The sign (warning),
ABA hormone that is produced as a result of stress in the
root tip (Pornajaf, 2005). In this respect, there is general
agreement that the most important plant hormone
abscisic acid is a major role in the life cycle of plants and
many important physiological processes, morphological
and plant adaptation to the environment, as well as
reactions to adjust the tension (Kafi and Mahdavi
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Damghani 1999). Strong evidence indicating that
stomatal closure by ABA stress there. Stress reduction
can be one of the major tasks of the ABA. ABA cis-trans, a
hormone that is produced in the leaves. Synthesis rate of
these hormones resulting in hormone concentrations in
the leaves, thus increasing water stress(Mohsenzadeh et
al, 2006). In case of lack of water in the root zone and
reduce the pressure in the cells of this region, ABA
synthesis in roots and aerial parts of the plant quickly
spread (Ghodsi et al, 1998). Due to the fast reaction of
stomatal guard cells during stress (stomatal closure at
noon the weather is warm, low water absorption and
transpiration rate increases) Many scientists believe that
the ABA should take place in the near or inside the cells
stomatal guard to be able to act quickly so the theory of
trans to sis conversion (active form ABA) have raised.
Then, ABA through stomatal closure down to the roots
and shoots of various genes involved in the function of the
genes related to known Absisic asid (Ghodsi et al, 1998).
Scientists, accumulation materials such as carbohydrates
and amino acids in plant cells that are called compatible
solutes are known to play a role (Ourcut and Nilsson,
2000). Compatible soluble, low molecular weight
compounds that interfere with cellular biochemical
reactions normally do during osmotic stress, act as
guards. In addition to the primary role in osmoregulation
of these compounds may have an important role as
protecting enzymes and membrane structure and
eliminate active oxygen free radicals (Ourcut and Nilsson,
2000). Moisture reduction reactions such as protein
degradation and accumulation of free amino acids in
order to adjust the osmotic pressure of the cell followed
(Bajji et al., 2001). In situations where moderate or
severe stress, increases the concentration of proline,
proline as a nitrogen storage tank or soluble cytoplasmic
osmotic potential decrease in acts of plant stress
tolerance assists (Ghodsi et al, 1998).

PHYSIOLOGICAL DROUGHT
STRESS
In terms of of plant physiology, dryness causes of stress in
plant growth, yield 50-30% reduction in drought stress
due to low humidity in plant growth occurs as a result of
the high evapotranspiration, temperature high intensity
of sunlight(Ghodsi et al, 1998), high temperature caused
by the drought stress of increased respiration,
photosynthesis and enzyme activity in the plant. Drought
in the sun, the light reaction of photosynthesis and
continued production of free radicals of oxygen leading to
plant death is light and oxidation. Absorb nutrients from
the upper soil horizon, which is found in most foods, the
drought reduced (Bagheri, 2009). The increase in
drought conditions, accumulation of salts and ions in the
upper layers of the soil around the root cause osmotic
stress and ion toxicity. The first response to stress is a
biophysical response. In fact, with increasing drought
stress, cell wall wizened and loose, with a decrease in cell
volume, pressure decreases and the potential for the
development of the cell, depending on the potential
pressure decreases and growth is reduced. These factors
are the size and number of leaves in plants (Bagheri,
2009). Leaf mesophyll cells become dehydrated due to
drought. The amount of abscisic acid had to be stored in
the chloroplasts in the guard cells used and the
construction of ABA in guard cells and mesophyll
increased. With the increase of ABA, potassium and
calcium out of the cell where it is guard cell. The result of
this process stomatal closure, with the loss of water in the
guard cell. Lack of water, the rate of photosynthesis in
plants decreases. This is due to the decrease of
photosynthetic enzymes. The shortage of water, causing
discoloration and leaf trichomes and stomata on the leaf
surface is increased. In conditions of severe water
shortage, the roots will shrink and in the leaves induced
deposition (Bagheri, 2009).

Chlorophyll is one of the major chloroplast components
for photosynthesis (Rahdari et al, 2012). The decrease in
chlorophyll content under drought stress has been
considered a typical symptom of pigment photo
oxidation and chlorophyll degradation (Anjum et al,
2011). Decreased of chlorophyll content during drought
stress depending on the duration and severity of drought
level (Zhang and Kirkham, 1996). A decrease of total
chlorophyll content with drought stress implies a
lowered capacity for light harvesting. Since the
production of reactive oxygen species is mainly driven by
excess energy absorption in the photosynthetic
apparatus, this might be avoided by degrading the
absorbing pigments (Mafakheri et al, 2010). In relation to
drought effect on chlorophyll a and b in leaf, we can
express that drought is due to chloroplastic proteins
hydrolysis, decreasing of leaf pigments and chlorophyll
destruction as a primary stagein degradation of proteins
(Synerri et al., 1993).

MOLECULAR RESPONSES TO
DROUGHT
In drought conditions, reduced water potential and
increased cell content of ABA, regulate the metabolism of
cells. Increase substances such as proline, glycine and
betaine can be one of the major molecular responses to
drought stress is (Matysik et al, 2002). Accumulation of
solutes in cells under stress conditions, in order to
maintain cell volume against the loss of water, called the
osmotic adaptation (Heidaiy and Moaveni, 2009).
Drought stress induced free radicals cause lipid
peroxidation and membrane deterioration in plants
(Nair et al, 2008). Drought stress leads to an imbalance
between antioxidant defenses and the amount of
Reactive Oxygen Species (ROS) resulting in oxidative
stress. ROS are necessary for intracellular signaling but at
high concentration can cause damage at various levels of
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organization including chloroplasts (Smirnoff, 1993).
ROS have the capacity to initiate lipid peroxidation and
degrade proteins, lipids and nucleic acids (Hendry,
2005). Mechanism of retardation of lipid peroxidation
consists of free radical scavenging enzymes such as
catalase, peroxidase and superoxide dismutase
(Fridovich et al., 2000). A number of enzymatic and nonenzymatic antioxidants are present inchloroplasts that
serve to prevent ROS accumulation (Srivalli et al., 2003).
Under water stress, the formation of ROS increased and
the antioxidant system protects the cell by controlling the
intracellular ROS concentration. One of the expected
consequences of water stress induced cellular buildup of
ROS is an increase in lipid peroxidation. The peroxidation
of lipids in the cell membrane is one of the most damaging
cellular responses observed in response to water stress
(Thankamani et al., 2003).The amount of lipid per
oxidation has also long been considered as one of the
factors, which indicate the severity of stress experienced
by a plant (Chowdhury and Chowdhury, 1985).

STOMATAL ARE CLOSED DURING
WATER STRESS IN RESPONSE TO
ABSCISIC ACID
Abscisic acid to form a continuous and at low levels in leaf
mesophyll cells produced and accumulates in the
chloroplasts. When mesophyll with a mild wilting, two
things happen: first, the amount of abscisic acid stored in
mesophyll cells, which may be released to Pvplast
transpiration stream, some of it to pass the guard cells.
Second, the net production rates increased abscisic acid.
Stomatal closure with redistribution of abscisic acid
stored in the mesophyll chloroplasts into apoplast
begins. Abscisic acid biosynthesis after stomatal closure
started and it seems to exacerbate or prolong the effect of
primary block is stored by abscisic acid (Matysik et al,
2002).

EFFECTS OF DROUGHT STRESS ON
PLANT ACTIVITIES

WATER SCARCITY AND DROUGHT
RESISTANCE

The potentials of -10 to -15 more physiological
phenomena such as leaf growth, stomatal conductance,
photosynthetic rate and nitrogen metabolism decreases
(Heidaiy and Moaveni, 2009). In the study of
physiological phenomena of drought stress in plants,
reported that the plant water status, often by measuring
the water potential of tissues, specified by decreasing
water potential decreases cell growth and protein
synthesis. The flow of carbon dioxide and leaf
transpiration decreases, but the accumulation of proline
and abscisic acid stress increases (Heidaiy and Moaveni,
2009). Drought stress, photosynthesis by stomatal
closure and transfer of carbon dioxide in chloroplasts and
cell water potential decreased, affected. Drought stress,
root and shoot growth is affected and may reduce the
level of plants. Drought stress, crop yield reduces largely
the following methods:1- The reduction of photosynthetic active radiation absorbed by vegetation 2reduce the efficiency of radiation 3- The reduction in
harvest index. Corn dry matter, the reduction in water
consumption will decline (Sajedi, 2008).

Yield of lack of water, depending on water availability and
water use efficiency of the whole. The ability for water or
plant water use efficiency is greater, will be more
resistant to drought and adaptation of some plants, such
as plants CAM and C4 is that their metabolic pathway,
Allow them to exploitation of the dry environments, as
well as the mechanisms of adaptation of plants that are
activated in response to water stress (Kafi and Mahdavi
Damghani, 1999).

A PRIMARY RESPONSE TO WATER
DEFICIT REDUCED LEAF AREA
At the onset of water stress, inhibition of cell growth,
leading to a reduction in leaf development. Lower leaf
surface causes less water uptake from the soil and
transpiration is reduced. Plenty of water to form effective
for a longer period, the soil is kept. Restrictions on the leaf
surface could be the first line of defense against water
(Kafi and Mahdavi Damghani, 1999)

MECHANISMS OF
RESISTANCE TO DROUGHT

WATER DEFICIENCY STIMULATES
LEAF ABSCISSION

Drought Resistance in fact, the ability of species or
cultivars for growth and production in drought
conditions. By a long dry period on the physiological and
morphological effects on yield and ultimate effect on
yield depends on many factors. This not only depends on
the time of drought on the life cycle of plants and water
holding capacity of the soil in the root zone It also
depends on plant characteristics (Mohsenzadeh et al,
2006). To prevent water losses, crop should close the

If the plants, leaf water after the completion of the
encounter, and the old leaves are falling. This regulation
of leaves, long term change is important to improve the
adaptability of the environment is facing a water
shortage (Maleki et al. 2013). The process of shedding
leaves during water stress, largely the result of increased
synthesis and sensitivity to this hormone in plants
(Kabiri, 2010).
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stomatal, reducing absorption or decreased sweating, or
a combination of all three levels will reduce the amount of
transpiration (Shekari, 2000). With increasing water
shortages, crop species can clog your pores. This reduces
transpiration and especially when the stomatal are
completely blocked and cuticular resistance is much
more true. Active and inactive motion and increased leaf
wax cracking or effective in reducing the absorption of
radiation. Active motion parallel to the incoming
radiation leaves on the response to water shortages for
several crops have been observed (Rahmani, 2006).
Drought stress causes to mentose or waxy leaves of some
plants are both of these characteristics are reflected by
the increasing amount of leaves to reduce water loss
(Leila, 2007). One of drought tolerance in crop plants
through water conservation and sustaining water
absorption. The important feature is that this requires
one to have deep roots and branches and a low resistance
to flow of water inside the plant (Zareian, 2004).
Maintaining inflammation in the leaves while they are
growing shortage of water can maintain the physiological
activity. Maintaining inflammation in conditions of
reduced leaf water potential can be fully or partially by
setting the osmotic conditions, increase or decrease the
size of the cell elasticity acquired (Shekari, 2000).

colloid and absorbs more water than starch (Rahmani,
2006). Grains such as corn, soybeans, almost a third of a
second seed weight and seed weight to absorb water.
Usually much lower than field capacity soil moisture is
favorable for germination. The wilting point moisture
farm to reduce the germination rate is slower. If the water
level is less than desirable, if not completely water
absorption and germination declines or stops (Leila,
2007). Water is the main factor stimulating germination
and access to water by osmotic and matric potential
(suction) is reduced. Water potential environment
impact on the rate of water absorption and thus,
germination plant. Drought stress can affect germination
rate reduction, however, sensitive to drought stress
during different stages of germination and root out what
is different (Zareian, 2004). With increasing severity of
drought, the percentage and rate of germination, root and
shoot length was reduced in millet. Drought has affected
many aspects of plant growth and delaying germination
addition, the growth of shoot and reduce the production
of dry matter (Shekari, 2000).

DROUGHT STRESS IN VEGETATIVE
STAGE
Drought stress in vegetative stage less important than in
reproductive stage of tension and the impact on yield and
yield components, However, since the stress at this stage
of development of leaf, stem development, photosynthesis, leaf, and the accumulation of great importance
is the impact in plant (Kabiri, 2010). Plants in most arid
regions of the world, more or less exposed to stress.
Wa t e r s h o r t a g e s , w i t h t h e d i s a p p e a ra n c e o f
inflammatory cells, disrupted physiological processes,
leaf growth, photosynthesis, stomatal closure, changes in
metabolism, drying and dying plants (Rahmani, 2006).
The main possible causes of dry weight in vegetative
stage of stress, can be a real photosynthesis, leaf area

DROUGHT STRESS IN
GERMINATION STAGE
Germination and vigor to determine the number of green
plants per unit area, has an important role in the
production. One of the most important stages during
plant growth is often influenced by environmental
stresses including drought placed (Leila, 2007). Water
absorption is the first stage of germination. Both live and
dead seeds absorb water and swell. The amount of water
absorbed depends on the chemical composition of the
seed. Proteins, mucilage and pectin are more hydrophilic

Figure 1. Effect of drought stress on the vegetative growth of rice cv Ir64

4

International Journal of Life Sciences 10 (1) : 2016; 1 - 6

al., 2013). Most grain crops are sensitive to lack of
moisture during the growth phase, because at this time
the number of grains in weight and shape(Maleki et al.
2013).

index and stimulate plant's reproductive stages (Diallo et
al., 2001). The first and foremost effect of drought is
impaired germination and poor stand establishment
(Harris et al., 2002). Drought stress has been reported to
severely reduce germination and seedling stand (Kaya et
al., 2006). In a study on pea, drought stress impaired the
germination and early seedling growth of five cultivars
tested (Okcu et al., 2005). Moreover,in alfalfa (Medicago
sativa), germination potential, hypocotylnlength, and
shoot and root fresh and dry weights were reduced by
polyethylene glycol-induced water deficit, while the root
length was increased (Zeid and Shedeed, 2006).
However, in rice, drought stress during the vegetative
stage greatly reduced the plant growth and development
(Fig. 1; Tripathy et al. 2000. Manikavelu et al.,
2006.Farooq et al. 2009).

Therefore, the stress at each stage of the growth may lead
to a reduction in yield. Crops such as millet, foxtail,
sorghum and cowpea are also grown in the arid and semiarid areas affected by drought stress at the reproductive
stage are (emam and Zavareh, 2004). Possible causes
more stress influence the reproductive stage are:
remobilization of nitrogen and carbohydrates from leaf
to leaf with increasing age, Degradation of chlorophyll
and light harvesting complexes (Momeni, 2010), an
increase in stomatal resistance decreased with
increasing leaf age and Rabyskv and rehabilitation
activities RUBP stated (Cabuslay et al., 2002). The
drought is the major threat to agricultural production. At
any stage of plant development from germination to
maturity, plant, water is very essential. Thus the degree of
unbalance of water to produce adverse effects on the crop
and apply.

Figure 1. Effect of drought stress on the vegetative growth
of rice cv IR64. Both the plants were grown under wellwatered conditions up to 20 days following emergence.
One pot was submitted to progressive soil drying
(drought stress). The afternoon before the drought, all
pots were fully watered (to saturation). After draining
overnight, the pots were enclosed around the stem to
prevent direct soil evaporation A small tube was inserted
for re-watering pots. The decrease in soil moisture was
controlled by partial re-watering of the stressed pots to
avoid a quicker imposition of stress and to homogenize
the development of drought stress. A well-watered
control pot was maintained at the initial target weight by
adding the daily water loss back to the pot. This figure
shows the plants 20 days after imposition of drought
stress (farooq et al, 2009). In general it can be said that
the stress conditions in the organs of plants are growing
faster than other organs are damaged. Therefore stress at
vegetative stage of forage plants compared to grain crops
is more strongly influenced (emam and Zavareh, 2004).
Water Deficit induced degradation of photosynthetic
pigments, reducing the amount of chlorophyll and
photosynthetic system will be destroyed. Significant
reduction in chlorophyll content and chlorophyll
synthesis may be due to factors for which the structure is
destroyed. This means that dehydration increases in
chlorophyll catabolism. Similar reports on the reduction
of Water Deficit on chlorophyll in plants is the olive and
wheat (logini et al., 1999). Stress at vegetative stage of
rape leads to reduced stomatal conductance, net
photosynthesis and thus the yield (Kerepesi and Galiba,
2000). Water deficit of the main factors limiting maize
production in arid and semi-arid regions are considered.
Vegetative growth stages of corn, short-term water stress
can speed up the growth of leaves and leaf area index and
the next steps to reduce light use efficiency (Sarvar and
Ali, 1999). Final grain size is determined by two factors:
the rate and duration of grain filling. Sensitivity to
drought stress during grain filling, grain filling rate is
over. So severe moisture stress, further reducing the
duration of grain filling, grain size affects the (Maleki et
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