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ABSTRACT

    The aim of this research was to assess the changes of Stipa barbata when facing
with water stress. The study was carried out at the greenhouse condition. The experiment
was based on a completely randomized design of one species, three irrigation periods (3
days as control, 6 days and 12 days) and four replications. During study period morphological
and physiological characteristics such as wilting percentage, leaf water potential, shoot and
root dry weight, root:shoot ratio and amount of soluble carbohydrate were measured.
Anatomical changes of leaf such as epiderm, paranchima and stomata condition were
assessed too. Results showed that increase of irrigation periods intervals resulted in changes
in some characteristics such as root weight, shoot weight, root:shoot ratio, soluble
carbohydrae amount and stomata condition. In fact, these changes could be considered as
drought resistance mechanisms of Stipa barbata.
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INTRODUCTION
Temperature and precipitation act

together to affect the physiological and
ecological status of range plants. The balance
between rainfall and potential evapo-
transpiration determines a plant’s biological
situation. During periods when rainfall is lower
than evapotranspiration demand, a water
deficiency exists. Under water deficiency
conditions, the rate of water loss from
transpiration exceeds the rate of water
absorption by the roots, and plants undergo
water stress. Water stress can vary from a

small decrease in water potential to the lethal
limit of dessication. Although range plants have
mechanisms that help reduce damage from
water stress, water deficiency conditions lasting
a month cause plants to experience water stress
severe enough to reduce herbage production1.
The annual variation in temperature,
precipitation, and evaporation affects the
severity and duration of water deficiency, which
in turn affect the levels of water stress.

Plants experiencing water stress
conditions respond at different inhibitory levels
in relationship to the severity of the water
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deficiency. As water stress increases, enzyme
activity declines and the formation of necessary
compounds slows or ceases2. In water stress,
plant height and herbage biomass accumulation
are reduced. Leaf senescence increases and
as a result, nutritional quality of forage
decreases. The rate of sexual reproduction is
diminished as a result of a decrease in seed
stalk numbers and height and a reduction in
numbers of seeds in the seed heads. Rate of
vegetative reproduction is reduced because the
number of axillary buds and the number of
secondary tillers decrease3. When water stress
becomes severe, most functions nearly or
completely cease and severe damage occurs.
Leaf and root mortality induced by water stress
progresses from the tips to the crown, its rate
increasing with increasing stress. If water
stress is prolonged or becomes more severe,
the condition can be lethal. Plant death occurs
when the meristems become dehydrated
beyond the limits required to maintain cell
turgidity and biochemical activity4.

 Due to water deficiency, basal cover is
reduced because of mortality of entire plants
or portions of plants, and open spaces in the
plant community increase because of a
decrease in plant numbers. The species
composition shifts to an increase in species with
advanced water-stress resistance mechanisms
and a decrease in drought-susceptible species.
Occurrence of some forbs and weedy species
increases because of their ability to exploit the
open spaces. Quantity and quality of wildlife
habitat diminish. Livestock performance
decreases because of the reductions in the
quantity and quality of available forage, which
in turn cause a reduction in milk production and
a corresponding reduction in calf rate of gain
and weaning weight. During extended periods
of water stress, stocking rates generally need
to be reduced.

Iran is one of the countries that majority
of its extent is located in arid and semi arid
regions. 64% of Iran (100 million hectares) is

covered by dry lands, and their area is
increasing (Jafari and Firouzabadi 2001). Only
35% of the whole area of Iran has more than
250 mm of annual rainfall. Therefore, in Iranian
rangelands, water is one of the most important
factors that limits plant growth and causes the
failure of range improvement plans. Therefore,

MATERIAL AND METHODS
The study was carried out at the

greenhouse condition. Under study species was
Agropyron cristatum from Gramineae family.
The experimental plan was completely
randomized design. The seeds of mentioned
species were planted in plastic pots with three
irrigation treatments; 3 (control), 6 and 12 days
intervals with four replications. Approximately
two months after seeds planting, drought stress
was started. In the beginning of stress all of
the samples were watered. After 24 hours the
pots were weighted and their base weight was
obtained. With weighting pots in determined
times (after 3, 6 and 12 days), the reduced
weight of pots was compensated during the
study untill the majority of leaves were wilted.
Wilting percentage and  leaf water potential
(w) were measured during the study.
Pressure bumb was applied in measurement
of w. The amount of soluble carbohydrate
was also measured by Ultra Violet
Spectrophotometer. Anatomical characteristics
of leaves such as number and condition of
stomata, epiderm, paranchima were assessed,
and the photos of samples were taken by
electronic microscope. Shoot dry weight, root
dry weight and root:shoot ratio were recorded
in the late stage of study.

RESULTS AND DISCUSSION
Results showed that wilting percentage

of species increased with increment of drought
stress, so that 12 days irrigation period included
the highest wilting percentage.

Fig. 1(a) shows leaf water potential
condition of Stipa barbata in different irrigation
periods. As it is seen, there was no significant
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Fig. 1:  (a) Leaf water potential,  (b)  shoot dry weight,  (c)  root dry weight,
               (d) root:shoot ratio of Stipa barbata in different irrigation treatments
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difference between 3 and 6 days leaf water
potential but the difference between leaf water
potential of 3 and 12 days irrigation intervals
was significant (P<0.05). Leaf water potential
changes from -14.25 bars in 3 days treatment
to -20.75 bars in 12 days treatment. Brown5

studied the wilting phenomena of two range
grasses, Bromus inermis and Agropyron
intermedium, under controlled environmental
conditions. The water potential of the soil and
plant leaves were measured periodically during
a drying cycle. Soil water potential ranged from
about 0 bars in the beginning to about -65 bars
at the end of the cycle. The respective leaf
water potentials ranged from about -10 barsin
the beginning to -70 bars at severe wilting.
Liberato et al6 studied leaf water potential of
Minquartia guianensis Aubl. They found a
significant difference between irrigated and no-
irrigated treatments. After 35 days of study
initial, leaf water potential changed from -1.5
Mpa to -3.5 Mpa.

Shoot dry weight of Stipa barbata

decreased with increase of stress severity (Fig.
1b), while root dry weight and root:shoot ratio
increased (Fig. 1c,d). Comparing means of
shoot dry weight and root dry weight between
6 and 12 days treated plants and also with
control indicated that differences between 6
and 12 days and control and 6 days are not
significant while differences between control
and 12 days were significant. When plant
encounters the drought stress, lessens the
volume of the aerial part to reduce the amount
of transpiration. But, at the same time expands
the root system to absorb water from depths
of soil. In this case the volume of root might be
ten times more than what is in wet condition7.
Early stages of water stress slow shoot and
leaf growth. Leaves show signs of wilting,
folding, and discoloration. Tillering and new
shoot development are reduced, but root
production may be increased. Cell wall
formation and cell division are reduced. The
studies of Saeedian, Sharifi Kashan and Jafari
and Firouzabadi8-10 showed that the growing
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Fig. 2 : Soluble carbohydrate amount of Stipa barbata in different treatments
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up of water stress causes the  decrease in shoot
dried weight and increase in root dried weight
and root:shoot ratio. The capacity of the root
system for rapid and early development is an
important factor in drought resistance. It is well
known that increased efficiency of moisture
absorption is primarily due to the development
of an extensive root system. Also, it is a
common feature among the arid and semi arid
environment prennials that these plants develop
root systems that are larger than their shoots.
This is an important factor in survival. The
moisture collected by the extensive root system
is drawn upon for the consumption of a reduced
shoot. The preponderance of the root system
over the above-ground shoot system facilitates
adjustment of the water balance of desert
plants.

The amount of soluble carbohydrate
increased during the time (Fig. 2) because
when drought happens, some soluble
substances such as sugars and proline
accumulate in plant to regulate osmotic
pressure10.

CONCLUSION
The results of leaf anatomical changes

showed that the number of stomata increased,
but their size became smaller. Under conditions
of low water availability, reductions in stomatal
conductance constitute one of the first
strategies used by plants to diminish
transpiration rate and maintain turgescence.
While the loss of water vapor becomes slow
due the process of stomatal closure, it also
reduces the absorption of carbon dioxide
(CO2), and consequently, photosynthesis.
Accordingly, the stomatal behavior in response
to situations of hydric stress may be indicative
of water use efficiency for the production of
photosynthates.

The thickness of epiderm and
paranchima extended. Also the number and
length of hairs increased considerably. Leaf

descriptive structure analysis showed that
Stipa barbata has relatively high adaptation
potential for drought resistance.
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