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Abstract:
This investigation was carried out with the aim of determining the effect of polyethylene glycol 6000 (PEG; 0, 3%, 6% and
9% w/v) treatment on six cultivars of Medicago sativa. PEG treatment significantly decreased the germination index in
cultivars of Isfahani, Hamedani, Bami, Baghdadi, Yazdi and Ghare-Medicago, with the highest reduction in Ghare-Medicago
and Hamedani cultivars by about 50% and 44%, respectively. PEG treatment significantly decreased germination
percentage and germination rate in two cultivars of Ghare-Medicago (22% and 20%, respectively) and Hamedani (28% and
27%, respectively) while increased mean germination time. The seedlings height, fresh weight and water content significantly
decreased in all PEG-treated cultivars. The highest reduction in the mentioned factors was observed in Ghare-Medicago
(43%, 24% and 55%, respectively) and Hamedani (57%, 23% and 53%, respectively), while the lowest reduction was
observed in Yazdi, by about 28%, 9% and 17%, respectively. Data showed that PEG treatment reduced seedling dry mass
only in Ghare-Medicago and Hamedani cultivars by about 16% in both cultivars. PEG treatment significantly decreased the
chlorophyll a, b and total, anthocyanins, phenols and α-tocopherol contents of six Medicago cultivars. The results of
greenhouse experiments showed that PEG treatments resulted in a significant reduction in fresh weight, dry weight and
water content of all studied cultivars. In conclusion, the findings of both petri dish and greenhouse experiments suggested
that Ghare-Medicago and Hamedani cultivars can be regarded as drought sensitive cultivars while Yazdi is a drought
tolerant cultivar. It should be noticed that Bami and Baghdadi cultivars were also relatively drought tolerant. Also, our study
on paclobutrazol (PBZ) treatment showed that PBZ effectively decreased the negative effect of drought stress on growth of
all cultivars of Medicago.
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Introduction:
Drought is an important environmental stress that limits
plant production. Drought impacts growth, yield,
membrane integrity, pigments content, osmotic
adjustment water relations, and photosynthetic activity
(Anjum et al., 2011). The International Water
Management Institute predicts that by the year 2025,
one-third of the world's population will live in regions
that
will experience severe water scarcity
(www.iwmi.org). Therefore, it has become imperative
for plant biologists to understand the mechanisms by
which plants can adapt to water deficit while retaining
their capacity to serve as sources of food and other raw
materials. Iran has a complex climate with great
differences in climate condition. Sixty-five percent of
Iran is considered to be arid, twenty percent is semiarid, and only fifteen percent of the country has a humid
and semi-humid climate (Madani Larijani 2005). The
negative effects of drought stress have been revealed on
Vigna radiate (Zabeti et al., 2003), Triticum aestivum
*Corresponding Author, Email: hajihashemi@bkatu.ac.ir

(Moaveni et al., 2009), Zea mays (Alizade et al., 2007)
and etc. in Iran.
Aalfalfa (Medicago sativa L.) as a perennial forage
crops is a leguminous plant species and has been grown
for a variety of purposes such as soil improvement,
forage, medicinal uses, and suitable foliage (Wang and
Han, 2009). The establishment stage of the crop consists
of three parts: germination, emergence and early
seedling growth; that are particularly sensitive to
drought stress. Successful seedling establishment
depends on the frequency and the amount of
precipitation as well as on the ability of the seed species
to germinate and grow while soil moisture and osmotic
potentials decrease (Welbaum et al., 1990, Roundy et
al., 1985). Much information is available in literature
about the effects of water quality, soil texture and soil
salinity on germination and emergence (Jamil et al.,
2005). Retardation and negative impacts in seed
germination have been reported under drought stress in
the literatures. The decrease in germination rate
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particularly under drought stress condition may be due
to the fact that seeds seemingly develop an osmotically
enforced dormancy under water stress conditions. This
may be an adaptive strategy of seeds to prevent
germination under stressful environment thus ensuring
proper establishment of the seedlings (Gill et al., 2003).
The consequence of water stress could already be
observed some days after emergence, the higher water
stress, expressed by lower leaf water potential, stomatal
conductance and evapotranspiration and lowering of the
leaf area and dry matter production (Katerji et al.,
1994). For years, polyethylene glycols (PEG) with large
molecular weights have been used to simulate drought
stress in plants. They are non-penetrating osmotic
agents and lower the water potential in a way similar to
soil drying (Larher et al., 1993).
Triazole compounds such as triadimefon,
paclobutrazol and propiconazole are widely used as
fungicides and they also possess varying degrees of
plant growth regulating properties (Fletcher et al.,
2010). Triazoles affect the isoprenoid pathway and alter
the levels of certain plant hormones by inhibiting
gibberellin synthesis, reducing ethylene evolution and
increasing cytokinin levels. Triazoles have been called
plant multi-protectants because of their ability to induce
tolerance in plants towards environmental and chemical
stresses. Paclobutrazol (PBZ) [(2RS–3 RS)-14(chlorophenhyl)-4, 4-dimethyl-2-1, 2, 4-triazol-1ylpenten-3-ol] is a member of the triazole family. PBZ has
been reported to protect plants against drought stress
(Marshall et al., 2000, Zhu et al., 2004).
Researchers are trying to produce the drought
resistant crops. Thus, screening for drought-tolerant
Medicago is important to determine whether there is a
genetic basis for selection and breeding purposes and to
whether there are useful genotypes or new genes for
tolerance to drought stress. The present study was
undertaken to study the responses of six Medicago
cultivars to different levels of PEG and to determine the
genotypic variability in their tolerance to drought both
at the germination and seedling stages in petri dish and
plant growth in greenhouse. For screening the different
Medicago cultivars, we studied multiple physiological
parameters such as seed germination, growth,
photosynthetic pigments, anthocyanins, phenols and αtocopherol under PEG treatment.

Materials and methods:
Plant material and growth conditions: Six cultivars of
Medicago sativa L. were used in this study. All seeds
(Hamedani, Isfahani, Bami, Baghdadi, Yazdi and
Ghare-Medicago variety) were obtained from the seed
company of Pakan Bazr in Isfahan, Iran. The
experiment was conducted at Payame Noor University,
Shahrekord, Iran in 2015. Similar seeds size and weight
were selected. Seeds were surface-sterilized for 1–2 min
in 95% ethanol, followed by treatment in 10% sodium
hypochlorite (v/v) with 3 drops per liter of Tween-20
for 20 min. Then the seeds were washed three times
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with sterile distilled water. Twenty of sterile seeds were
transferred to the 10 cm sterile petri dishes on sterile
filter paper supplemented with PEG solutions under
aseptic condition. Drought stress was applied by
subjecting the seeds to 10 mL of control (no added
PEG), 3%, 6% and 9% PEG solutions. Plates were
sealed with parafilm and placed under controlled
conditions (25±2°C by day; 16/8 h Light/ dark;
irradiance 4500 Lux). Seeds were considered to have
germinated when the radicle measured in excess of 2
mm (Montana et al., 2014). The number of germinated
seeds was recorded every day for one week. The whole
experiment was repeated in three different times, every
time with five replications per every treatment. The
following parameters were analyzed at germination
stage.
Germination index: Germination index (GI) was
calculated as described by the Association of Official
Seed Analysts (Basra et al., 2005) as:
GT: The number of the germinated seed on the nth day
Tt: The number of day from first day experiment
Germination percentage: Seven days after
germination, the germination percentage (GP) was
obtained by divided the number of germinated seeds in
any petri dishes by the total number of seeds, multiplied
by 100 (Cokkizgin and Cokkizgin, 2010).
GP= (Gn/N) × 100
Gn: The number of germinated seeds in final count
N: The total number of seeds
Mean germination time: The mean germination
time (MGT) was calculated to assess the rate of
germination (Ellis and Roberts, 1981) as follows:MGT=
∑Dn/∑n
D: The day of counting
N: The number of seeds germinated on each day
Germination rate: The germination rate (GR) was
calculated to assess the rate of germination (Maguire,
1962) as follows:
GR =X1/Y1+ (X2-X1)/Y2 + …+ (Xn-Xn-1)/Yn
Xn: The germination percentage on the nth day
Yn: The number of day from first day experiment
Growth parameters: The height, fresh weight, dry
weight and water content of the seedlings were
measured immediately after the end experiment of stress
treatment. The dry weight was measured by drying the
samples at 75°C for 48 h, to give a constant weight. The
water content was calculated as a difference between
fresh and dry weight.
Photosynthetic pigments measurement: The
leaves of the plants were extracted in 80 % (v/v)
acetone. Chlorophylls and carotenoids contents were
determined spectrophotometrically (Wellburn and
Lichtenthaler, 1984).
Anthocyanins content: Anthocyanins were
extracted from fresh leaves in acidified methanol
(methanol: HCl, 99:1 v/v). Anthocyanins of samples
were analyzed (Wagner, 1979) and calculated using an
extinction coefficient of 33000 mol-1 cm-1.
α-Tocopherol content: α-Tocopherol was extracted
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from fresh leaves in a mixture of petroleum ether and
ethanol (2:1.6 v/v) and the supernatant was used for the
assay. α-Tocopherol content was determined by
spectrophotometer method (Baker et al., 1980).
Phenols content: The amount of phenolic
compounds in leaves was measured using Folin and
Ciocalteu's reagent. The fresh leaves were homogenized
in 95 % ethanol and kept for 24 hours in the dark. The
supernatant was used for the assay (Singleton and Rossi,
1965). Samples were quantified using a standard curve
based on a gallic acid.
PBZ treatment: According to the obtained results
from primary analysis, we selected 5% of PEG to
perform more experiments on Medicago plants in
greenhouse. In the second stage of experiment, we
studied the interaction of PEG and PBZ on cultivars of
Isfahani, Hamedani, Baghdadi, Yazdi, Bami and GhareMedicago. The seeds were cultured in 1.5 l pots, filled
with perlite in a greenhouse with supplementary light to
extend the photoperiod to 16 hours per day. Air
temperature ranged from 22 to 26 ºC during the day and
15 to 18 ºC during the night. Humidity ranged from 40
to 60%. Twenty seeds were sown in each pot. The
plants were irrigated every other day and fertilized once
a week by the standard Hoagland nutrient solution (pH
6.0). Ten days after sowing, the seedlings were thinned
to ten similar plants per pot. The experiment was
designed as a completely randomized block in a split
plot with the PBZ treatment as main plot, cultivar as
sub-plot and PEG treatment as sub-sub-plot. Each main
plot consisted of 32 plots and there were four
replications per PEG treatment. The plants were sprayed
with 0 (distilled water) and 10 mg/l PBZ solution. PBZ
treatment was carried out every other day for one week.
Two days after the first PBZ treatment, the seedlings
were irrigated with 0 (distilled water) and 5% PEG
solutions. PEG treatment continued for three weeks. All
growth measurements were performed two days after
the last day of PEG treatment. The fresh weight, dry
weight and water content were measured after
harvesting plants.
Statistical analysis: All experiments were done by
using a Randomized Complete Block Design with three
replications. The data were analyzed by the Duncan
test's SPSS (version 16) statistical package to assess
significant differences (at the 5 % level) between
means. The results of statistical analysis are shown by
superscripted letters after the numbers in tables to reveal
significant differences.

Results:
Cultivar variations in germination: Analysis of data
revealed significant differences among the Medicago
cultivars for germination index, germination percentage,
mean germination time and germination rate. The
results showed that the germination index decreased
with increasing PEG concentration (Figure. 1a). Among
the analyzed cultivars, Hamedani and Ghare-Medicago
cultivars showed the highest reduction in germination

index at 9% of PEG. The results of germination
percentage are presented in Figure. 1b. The PEG
treatment
decreased
germination
percentage
significantly in Hamedani and Ghare-Medicago, while
PEG treatment had no significant effect on other
cultivars. The lowest germination percentage in
Hamedani and Ghare-Medicago was observed at 9% of
PEG. The parameter of germination rate was negatively
affected by PEG treatments in all cultivars (Figure. 2a).
Germination rate of Hamedani and Ghare-Medicago
revealed a significant decrease with increasing PEG
level, with the highest reduction at 9% of PEG. With
respect to mean germination time, there was a
considerable increase in this character in Hamedani and
Ghare-Medicago genotypes at 9% of PEG, while it was
not significantly affected in other cultivars (Figure. 2b).
Cultivar variations in growth: Plant matter
production is an important criterion to evaluate drought
tolerance in plants since it permits direct estimations of
economic returns under specified drought condition.
Analysis of seedling height, fresh weight and water
content showed that the levels of analyzed parameters
decreased in all cultivars with increasing PEG
concentration. With increasing PEG concentration, the
highest and lowest reduction in plant height was
observed in Ghare-Medicago and Yazdi cultivars,
respectively (Figure. 3a). Under PEG treatment, the
fresh mass production decreased significantly in
Isfahani, Hamedani, Bami and Ghare-Medicago while
no significant reduction was observed in Baghdadi and
Yazdi, comparing to the control plants (Figure. 3b). The
dry mass production was not affected by PEG treatment
in Isfahani, Hamedani, Bami, Yazdi cultivars (Figure.
4a). By contrast, dry mass production showed a
significant reduction in Hamedani and Ghare-Medicago
cultivars at 9% of PEG treatment. Interestingly, the
water content of six analyzed cultivars significantly
decreased with increasing PEG level from 3% to 9%
(Figure. 4b). There were obvious differences among the
cultivars in water content value. Comparing different
cultivars under PEG treatments, the highest and lowest
water content were observed in Yazdi and Hamedani
cultivars, respectively.
Cultivar variations in physiological parameters:
Among control plants, the highest and lowest Chl a, Chl
b, total Chl and carotenoids contents were observed in
Bami and Ghare-Medicago cultivars, respectively
(Figure. 5 a and b; 6 a and b). Applied PEG treatment
significantly decreased photosynthetic pigments in all
cultivars. The highest negative affect of PEG treatment
on Chl a, Chl b, total Chl and carotenoids were observed
in Ghare-Medicago cultivar. The negative effect of PEG
treatments on photosynthetic parameters of Bami and
Yazdi cultivars was less than cultivars of Isfahani,
Hamedani, Baghdadi and Ghare-Medicago.
The anthocyanin contents of plant significantly
decreased with increasing PEG level from 0 to 9% in all
cultivars (Figure. 7a). Interestingly, Bami and
Hamedani cultivars, respectively, showed the highest
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Figure 1. The effect of drought stress (0, 3, 6 and 9 % PEG) on germination index (a) and germination percentage (b) in six
cultivars of Medicago (Isfahani, Hamedani, Bami, Baghdadi, Yazdi and Ghare-Medicago). Treatments with the same lowercase letters were not significantly different based on mean comparison by Duncan’s test at p˂0.05.

Figure 2. The effect of drought stress (0, 3, 6 and 9 % PEG) on germination rate (a) and mean germination time (b) in six
cultivars of Medicago (Isfahani, Hamedani, Bami, Baghdadi, Yazdi and Ghare-Medicago). Treatments with the same lowercase letters were not significantly different based on mean comparison by Duncan’s test at p˂0.05.
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Figure 3. The effect of drought stress (0, 3, 6 and 9 % PEG) on plant height (a) and fresh weight (b) in six cultivars of
Medicago (Isfahani, Hamedani, Bami, Baghdadi, Yazdi and Ghare-Medicago) at seedling stage. Treatments with the same
lower-case letters were not significantly different based on mean comparison by Duncan’s test at p˂0.05.

Figure 4. The effect of drought stress (0, 3, 6 and 9 % PEG) on plant dry weight (a) and plant water content (b) in six
cultivars of Medicago (Isfahani, Hamedani, Bami, Baghdadi, Yazdi and Ghare-Medicago) at seedling stage. Treatments with
the same lower-case letters were not significantly different based on mean comparison by Duncan’s test at p˂0.05.
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Figure 5. The effect of drought stress (0, 3, 6 and 9 % PEG) on Chlorophyll a (a) and Chlorophyll b (b) contents in six
cultivars of Medicago (Isfahani, Hamedani, Bami, Baghdadi, Yazdi and Ghare-Medicago) at seedling stage. Treatments with
the same lower-case letters were not significantly different based on mean comparison by Duncan’s test at p˂0.05.

Figure 6. The effect of drought stress (0, 3, 6 and 9 % PEG) on total Chlorophyll (a) and carotenoids contents (b) in six
cultivars of Medicago (Isfahani, Hamedani, Bami, Baghdadi, Yazdi and Ghare-Medicago) at seedling stage. Treatments with
the same lower-case letters were not significantly different based on mean comparison by Duncan’s test at p˂0.05.
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Figure 7. The effect of drought stress (0, 3, 6 and 9 % PEG) on anthocyanin (a) and phenol (b) contents in six cultivars of
Medicago (Isfahani, Hamedani, Bami, Baghdadi, Yazdi and Ghare-Medicago) at seedling stage. Treatments with the same
lower-case letters were not significantly different based on mean comparison by Duncan’s test at p˂0.05.

and lowest reduction of anthocyanin contents at 9% of
PEG. The phenol contents were analyzed in treated
plants (Figure. 7b). Among the control cultivars, Bami
accumulated the highest amount of phenols while
Ghare-Medicago and Hamedani accumulated lowest
amount of phenols. PEG treatment decreased
significantly the phenol contents in all cultivars with the
highest reduction in Bami, comparing to control plant.
α-Tocopherol content was negatively affected by PEG
treatment in all cultivars (Figure. 8). The most negative
effect of PEG treatment was observed in GhareMedicago and Hamedani cultivars while the lowest
negative effect of PEG was revealed in Bami cultivar,
comparing to the control plant.
Cultivar variations in growth under PEG and
PBZ treatments: Plant growth was measured in
Medicago cultivars under interaction of PEG and PBZ
treatments in greenhouse condition. Concerning plant
fresh weight, there was a highly significant reduction in
all cultivars under both PBZ and PEG treatments
(Figure. 9a). Under PBZ treatment, all cultivars showed
the same fresh weight and no significant differences
were observed in their fresh weight. Comparing the
PEG and PBZ treatments, the observed reduction in
PEG treatment was significantly higher than PBZ
treatment. It should be mentioned that the interaction of
PBZ and PEG treatments significantly reduced the
negative effect of PEG in Hamedani and GhareMedicago cultivars.

Plant dry weight was measured in Medicago
cultivars and then was compared to PBZ and PEG
treatments (Figure. 9b). PBZ treatment had no
significant effect on plant dry matter production in
analyzed cultivars of Isfahani, Hamedani, Bami, Ghare
Medicago, Yazdi and Baghdadi. In comparison with
PBZ treatment, PEG treatment significantly decreased
the plant dry weight in all cultivars, with the most
reduction in Hamedani and Ghare-Medicago cultivars,
compared to the control plants. PBZ treatment
significantly reduced the negative effect of PEG
treatment on plant dry mass under PBZ+PEG
treatment.
The classical explanation of water stress in plants
growing in a dry environment is the reduced access of
soil water due to its osmotic potential. The results
in Figure 10 show that there was a remarkably decrease
in water content of all cultivars under PBZ treatment.
Similar to plant fresh weight parameter, the water
content of all cultivars of Isfahani, Hamedani, Bami,
Baghdadi, Yazdi and Ghare-Medicago were almost the
same and no significant variations were observed
among them. PEG treatment significantly decreased
water content in all cultivars with the highest reduction
in Ghare-Medicago and Hamedani cultivars, compared
to the control plants. The interaction of PBZ and PEG
treatment significantly reduced the negative effect of
PEG treatment in Hamedani and Ghare-Medicago
cultivars.
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Figure 8. The effect of drought stress (0, 3, 6 and 9 % PEG) on α-Tocopherol content in six cultivars of Medicago (Isfahani,
Hamedani, Bami, Baghdadi, Yazdi and Ghare-Medicago) at seedling stage. Treatments with the same lower-case letters were
not significantly different based on mean comparison by Duncan’s test at p˂0.05.

Figure 9. The effect of drought stress (0, 3, 6 and 9 % PEG) on plant fresh weight (a) and plant dry weight (b) in six cultivars
of Medicago (Isfahani, Hamedani, Bami, Baghdadi, Yazdi and Ghare-Medicago) at greenhouse experiment. Treatments with
the same lower-case letters were not significantly different based on mean comparison by Duncan’s test at p˂0.05.

Figure 10. The effect of drought stress (0, 3, 6 and 9 % PEG) on plant water content in six cultivars of Medicago (Isfahani,
Hamedani, Bami, Baghdadi, Yazdi and Ghare-Medicago) at greenhouse experiment. Treatments with the same lower-case
letters were not significantly different based on mean comparison by Duncan’s test at p˂0.05.
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Discussion:
Drought is a multifaceted stress condition that causes
serious crop yield limitations depending on plant growth
stage, stress duration, and severity. Germination is the
most critical and sensitive stage in the life cycles of
plants (Ahmad et al., 2010). The seeds exposed to
unfavorable environmental conditions such as drought
may compromise the subsequent seedling establishment
(Albuquerque and De Carvalho, 2003). Genetic
variability within a species offers a valuable tool for
studying mechanisms of drought tolerance. Our results
highlighted significant differences among the cultivars
exposed to drought stress with a remarkably decreased
and delayed germination in Hamedani and GhareMedicago cultivars.
Germination index is a valuable parameter to
compare the negative effect of PEG treatment among
different cultivars of Medicago. Germination index was
negatively affected by increasing PEG level. It
decreased by about 50%, 44%, 35%, 32%, 29% and
21%, respectively in Ghare-Medicago, Hamedani,
Isfahani, Bami, Bghdadi and Yazdi cultivars, at 9% of
PEG. All studies conducted thus for have proved that
the increasing water stress decreased the germination
proportion in plants (Falusi et al., 1983, Boydak et al.,
2003). It has been indicated that water stress decreased
the germination percentage of Pinus contorta and Picea
engelmanii seeds with a proportion of 50% (Kaufmann
and Eckard, 1977). At highest level of PEG, the
germination percentage of Ghare-Medicago and
Hamedani decreased by about 22% and 28% less than
the control plants while the cultivars of Isfahani, Bami,
Yazdi and Baghdadi revealed no significant reduction.
The ability to early germinate contributes to
differences among cultivars for drought tolerance and is
considered an important trait in selection of drought
resistant cultivars. The factor of mean germination time
is of prime importance which can be negatively
increased in drought sensitive plants. Data indicated that
9% of PEG negatively increased germination time in
Ghare-Medicago and Hamedani while no increase was
observed in other cultivars. Also, the studies have
shown that the factor of germination rate is also
important to determine the tolerance for seeds to
drought stress. In arid environment, less water will be
available for seeds which negatively affect water
absorption by seeds and consequently reduce
germination rate (Guan et al., 2013). In this study,
germination rate of Ghare-Medicago and Hamedani was
negatively affected by PEG, by about 21% and 26% less
than the control plants at highest level of PEG. The
results of our study on seed germination showed that
Yazdi cultivar performed better seed germination
properties under PEG treatment compared to five other
cultivars. We also found that the cultivars of Ghare
Medicago and Hamedani are not compatible for arid
environment.
Early seedling growth is a critical stage for plant
establishment (Guan et al., 2013). Accordingly, we

analyzed growth and some physiological parameters in
early seedling growth stage in six cultivars of Medicago
under drought stress. PEG treatment revealed a
significant negative effect on plant height. At 9% of
PEG, the plant height of plants reduced by about 58%,
45%, 42%, 35%, 31% and 28% respectively in GhareMedicago, Isfahani, Hamedani, Bami, Baghdadi and
Yazdi cultivars, less than the control plants. Obtained
results showed that drought stress negatively affected
growth of plant and more sensitive plants showed lower
tolerance to drought. A common adverse effect of
drought stress on plants is the reduction in fresh and dry
biomass production due to the decrease in the number of
leaves per plant and leaf size (Anjum et al., 2011).
Obtained results revealed that the fresh weight of
seedlings significantly decreased under PEG treatment.
The cultivars of Isfahani, Hamedani, Bami and GhareMedicago showed significant reduction of plant fresh
weight under PEG treatment while Yazdi and Baghdadi
did not show significant reduction in treated plants.
Regarding plant dry mass, PEG treatment only
adversely affected Ghare-Medicago and Hamedani
cultivars. Also, PEG treatment decreased water content
in the studied cultivars, as well documented also for
other species under similar experimental conditions
(Bajji et al., 2000, Abrams, 1990, Wu et al., 2013).
According to our results, cultivars of Yazdi stored
higher amount of water under PEG treatment compared
to other cultivars and it is important for seedling to
tolerate drought stress.
The decrease in chlorophyll contents under drought
stress has been considered as a typical symptom of
oxidative stress and might result from pigment photooxidation and chlorophyll degradation (Farooq et al.,
2009). Total chlorophyll of Ghare-Medicago, Isfahani,
Hamedani, Baghdaddi, Yazi and Bami respectively
decreased by about 77%, 54%, 52%, 48%, 30% and
20%, at highest level of PEG. The decrease in
carotenoids under stress condition is due to the
degradation of ß-carotene and formation of zeaxanthins,
which are apparently involved in protection against
photo-inhibition (Sultana et al., 1999). The carotenoid
contents significantly decreased in all cultivars under
PEG treatment which was highly announced in GhareMedicago cultivar. Anthocyanins are water-soluble
pigments derived from flavonoids via the shikimic acid
pathway (Herrmann, 1995). The negative effect of PEG
treatment on anthocyanins of all studied medicago
cultivars was significant. Anthocyanins are responsible
for the antioxidant capacity in plant tissues (Larson,
1988).
α-Tocopherol is a lipophilic antioxidant. It plays an
important role in adsorbing and neutralizing free
radicals which results in antioxidant protection (Wang
and Quinn, 2000). PEG treatment negatively affected αtocopherol content in six analyzed cultivars with the
highest negative effect in two cultivars of GhareMedicago and Hamedani more than other cultivars.
Phenols are very important plant constituents because of
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their scavenging ability, which is mainly due to their
hydroxyl groups (Hatano et al., 1990). Results showed
that PEG treatment significantly decreased phenols
content. It is reported that drought stress resulted in an
increase of some soluble proteins and a decrease of
others. Interestingly, Ghare-Medicago and Hamedani
cultivars accumulate less phenol contents in both
normal condition and PEG treatment, compared to other
cultivars, which is propably correlated to low resistance
to drought stress.
On the what, these findings suggest that GhareMedicago and Hamedani cultivars can be considered as
drought sensitive cultivars while making a firm decision
on drought tolerant cultivar is critical in this step. Our
data highlighted an opposite response to drought
tolerance because the three cultivars of Yazdi, Baghdadi
and Bami were found drought tolerant. We will further
study in greenhouse to make a better overview as well
as using PBZ treatment to open a new gate for further
study. PBZ, as a gibberellin biosynthesis inhibitor,
reduces plant height, leaf size and subsequently plant
weight (Fletcher et al., 2010). PBZ treatment could
partly restore plant weight under drought stress.
Reduction of plant water content under drought stress
could partly be quenched by PBZ treatment. Navarra et
al., (2007) reported that PBZ-treated plants showed
better water status which supports our results. Drought
associated oxidative stress slows down metabolism and
modifies membranes which causes lipid peroxidation.
Fletcher et al., (2010) reported that the stress protective

effect of triazole against stress is mediated by an
increase in antioxidant contents. Sankar et al., (2007)
reported that PBZ increased drought tolerance in
Arachis hypogaea which supports our results.

Conclusion:
The results of plant fresh weight, plant dry weight and
water content measurements from greenhouse
experiment confirmed that PEG treatment revealed the
highest negative effect on two cultivars of Hamedani
and Ghare-Medicago. According to greenhouse
experiments, Yazdi cultivar was more tolerant to PEG
treatment with comparison to the other cultivars. Thus,
it can be concluded that Yazdi cultivar establishment in
drought condition is better than other studied cultivars.
Also, we should mention that PBZ was an effective
treatment to reduce negative effects of PEG treatment
on plants but it needs more studies on biochemical and
physiological parameters. In conclusion, comparing the
responses of plant growth, photosynthetic pigments,
anthocyanins, phenols and α-tocopherol to PEG
treatment suggested Ghare-Medicago and Hamedani as
drought sensitive cultivars, Isfahani as semi drought
tolerant cultivar, Baghdadi and Bami as relatively
drought tolerant cultivars, and Yazdi as a drought
tolerant cultivar. To be performed we suggest more
experiments with PBZ for better understanding and
comparison of the drought tolerant mechanism among
different cultivars of Medicago.

References:
Abrams, M. D. (1990) Adaptations and responses to drought in Quercus species of North America. Tree Physiology 7:
227-238.
Ahmad, N., Fazal, H., Abbasi, B. and Farooq, S. (2010) Efficient free radical scavenging activity of Ginkgo biloba.
Stevia Rebaudiana And Parthenium hysterophorus Leaves Through DPPH (2, 2-diphenyl-1-picrylhydrazyl.
International Journal Phytomedicine 2: 231–239.
Albuquerque, M. D. F. and De Carvalho, N. D. (2003) Effect of the type of environmental stress on the emergence of
sunflower (Helianthus annus L.), soybean (Glycine max (L.) Merril) and maize (Zea mays L.) seeds with different
levels of vigor. Seed Science and Technology (Switzerland) 31: 465-479.
Alizadeh, O., Majidi, I., Nadian, H., Nour-Mohammadi, G. and Amirian, M. (2007) Effect of water stress and nitrogen
rates on Yild and components of corn (Zea mays L.). Journal of Agriculture 2: 427-436.
Anjum, S. A., Xie, X.-Y., Wang, L.-C., Saleem, M. F., Man, C. and Lei, W. (2011) Morphological, physiological and
biochemical responses of plants to drought stress. African Journal of Agricultural Research 6: 2026-2032.
Bajji, M., Lutts, S. and Kinet, J. (2000) Physiological changes after exposure to and recovery from polyethylene glycolinduced water deficit in roots and leaves of durum wheat (Triticum durum Desf.) cultivars differing in drought
resistance. Journal of Plant physiology 157: 100-108.
Baker, H., Frank, O., Deangelis, B. and Feingold, S. (1980) Plasma tocopherol in man at various times after ingesting
free or acetylated tocopherol. Nutrition Reports International 21: 531-536.
Basra, S., Farooq, M., Tabassam, R. and Ahmad, N. (2005) Physiological and biochemical aspects of pre-sowing seed
treatments in fine rice (Oryza sativa L.). Seed Science and Technology 33: 623-628.
Boydak, M., Dirik, H., Tilki, F. and Calikoglu, M. (2003) Effects of water stress on germination in six provenances of
Pinus brutia seeds from different bioclimatic zones in Turkey. Turkish Journal of Agriculture and Forestrymm 27:
91-97.
Cokkizgin, A. and Cokkizgin, H. (2010) Effects of lead (PbCl2) stress on germination of lentil (Lens culinaris Medic.)
lines. African Journal of Biotechnology 9: 8608-8612.
Ellis, R. and Roberts, E. (1981) The quantification of ageing and survival in orthodox seeds. Seed Science and
Technology (Netherland).
Falusi, M., Calamassi, R. and Tocci, A. (1983) Sensitivity of seed germination and seedling root growth to moisture

Downloaded from jispp.iut.ac.ir at 4:09 IRST on Friday February 26th 2021

47

Amelioration of the effects of polyethylene glycol-induced drought …

stress in four provenances of Pinus halepensis Mill. Silvae Genetic 32: 4-9.
Farooq, M., Wahid, A., Kobayashi, N., Fujita, D. and Basra, S. 2009. Plant drought stress: effects, mechanisms and
management. Sustainable Agriculture 153-188.
Fletcher, R. A., Gilley, A., Sankhla, N. and Davis, T. D. (2010) Triazoles as plant growth regulators and stress
protectants. Horticultural Reviews 24: 55-138.
Gill, P. K., Sharma, A. D., Singh, P. and Bhullar, S. S. (2003) Changes in germination, growth and soluble sugar
contents of Sorghum bicolor (L.) Moench seeds under various abiotic stresses. Plant growth regulation 40: 157-162.
Guan, K., Li, H., Liu, H., Li, X. and Zhang, D. (2013) Effects of drought stress on the seed germination and early
seedling growth of the endemic desert plant Eremosparton songoricum (fabaceae). Excli Journal 12: 89-101.
Hatano, T., Yasuhara, T., Yoshihara, R., Agata, I., Noro, T. and Okuda, T. (1990) Effects of interaction of tannins with
co-existing substances. VII. Inhibitory effects of tannins and related polyphenols on xanthine oxidase. Chemical and
Pharmaceutical Bulletin 38: 1224-1229.
Herrmann, K. M. (1995) The shikimate pathway: early steps in the biosynthesis of aromatic compounds. The Plant Cell
7: 907.
Jamil, M., Lee, C. C., Rehman, S. U., Lee, D. B., Ashraf, M. and Rha, E. S. (2005) Salinity (NaCl) tolerance of Brassica
species at germination and early seedling growth. Electronic Journal of Environmental, Agricultural and Food
Chemistry 4: 970-976.
Katerji, N., Van Hoorn, J., Hamdy, A., Karam, F. and Mastrorilli, M. (1994) Effect of salinity on emergence and on
water stress and early seedling growth of sunflower and maize. Agricultural Water Management, 26: 81-91.
Kaufmann, M. R. and Eckard, A. N. (1977) Water potential and temperature effects on germination of Engelmann
spruce and Lodgepole pine seeds. Forest Science 23: 27-33.
Larher, F., Leport, L., Petrivalsky, M. and Chappart, M. (1993) Effectors for the osmoinduced proline response in
higher plants. Plant Physiology and Biochemistry 31: 911-922.
Larson, R. A. (1988) The antioxidants of higher plants .Phytochemistry, 27: 969-978.
Madani Larijani, K. (2005) Iran water crisis; inducer, challenges and counter measures. ERSA 45 th congress of
European Regional Science Association, Netherland.
Maguire, J. D. (1962) Speed of germination—aid in selection and evaluation for seedling emergence and vigor. Crop
scienc 2: 176-177.
Marshall, J., Rutledge, R., Blumwald, E. and Dumbroff, E. (2000) Reduction in turgid water volume in jack pine, white
spruce and black spruce in response to drought and paclobutrazol. Tree Physiology 20: 701-707.
Moaveni, P., Habibi, D. and Abaszade, B. (2009) Effect of drought stress on yield and yield components of four wheat
cultivars in Shahr-e-Gods. Journal of Crop Improvement 5: 69-85.
Montana, L.A., Fischer, G., Magnitskiy, S. and Zuluaaga, G. (2014) Effect of NaCl salinity on seed germination and
seedling emergence of purple passion fruit (Passiflora edulis Sims). Agronomia Colombiana 32: 188-195.
Navarra A., Jesus Sanchez-Blanco M. and Banon S. (2007) Influence of paclobutrazol on water consumption and plant
performance of Arbutus unedo seedlings. Scientia Horticulture 111: 133-139.
Roundy, B. A., Young, J. A. and Evans, R. A. (1985) Germination of basin wildrye and tall wheatgrass in relation to
osmotic and matric potential. Agronomy Journal 77: 129-135.
Sankar B., Abdul Jaleel C., Manivannan P., Kishorekumar A., Somasundaram R. and Panneerselvam R. (2007) Effect
of paclobutrazol on water stress amelioration through antioxidants and free radical scavenging enzymes in Arachis
hypogaea L. Colloids Surface B: Biointerfaces 60: 229–235.
Singleton, V. and Rossi, J. A. (1965) Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid
reagents. American journal of Enology and Viticulture 16: 144-158.
Sultana, N., Ikeda, T. and Itoh ,R. (1999) Effect of NaCl salinity on photosynthesis and dry matter accumulation in
developing rice grains. Environmental and Experimental Botany 42: 211-220.
Wagner, G. J. (1979) Content and vacuole/extravacuole distribution of neutral sugars, free amino acids, and
anthocyanin in protoplasts. Plant Physiology 64: 88-93.
Wang, X.S. and Han, J. G. (2009) Changes of proline content, activity, and active isoforms of antioxidative enzymes in
two alfalfa cultivars under salt stress. Agricultural Sciences in China 8: 431-440.
Wang, X. and Quinn, P. J. (2000) The location and function of vitamin E in membranes (Review). Molecular
Membrane Biology 17: 143-156.
Welbaum, G. E., Tissaoui, T. and Bradford, K. J. (1990) Water relations of seed development and germination in
muskmelon (Cucumis melo L.) III. Sensitivity of germination to water potential and abscisic acid during
development. Plant Physiology 92: 1029-1037.
Wellburn, A. and Lichtenthaler, H. 1984. Formulae and program to determine total carotenoids and chlorophylls a and b
of leaf extracts in different solvents. Advances in photosynthesis research. Springer.
Wu, C., Wang, Q., Xie, B., Wang, Z., Cui, J. and Hu, T. (2013) Effects of drought and salt stress on seed germination of
three leguminous species. African Journal of Biotechnology 10: 17954-17961.
Zabeti, M., Hosseinzade, A. H., Ahmadi, A. and Khialparast, F. (2003) Effect of water stress on different traits and

Journal of Plant Process and Function, Vol. 6, No. 20, Year 2017

48

Downloaded from jispp.iut.ac.ir at 4:09 IRST on Friday February 26th 2021

determination of the best water stress index in Mung Bean (Vigna radiata). Irainian Journal od Agriculture Science
34: 889-898.
Zhu, L. H., Van De Peppel, A., Li, X. Y. and Welander, M. (2004) Changes of leaf water potential and endogenous
cytokinins in young apple trees treated with or without paclobutrazol under drought conditions. Scientia
Horticulturae 99: 133-141.

