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ABSTRACT

BACKGROUND: Drought stress is the main challenge in grassland cultivation and
management. Introduction of drought-resistant species in hot climates such as Khuzestan
(Iran) is a priority.

OBJECTIVES: This study was aimed to assess responses of Seven amenity grass species
for morphological and physiological traits in two pot and laboratory conditions. Seven
amenity grass species as Cynodon dactylon, Dichondra repens, Festuca arundinaceae (cv.
Finelawn, Starlette and Talladega), Festuca rubra (cv.Napoli and Simone), Lolium perenne
(cv. Capri, Danilo and Delaware), Poa pratensis (cv. Mardona) and two cv. Sport seed
provided from Italy and Netherlands were subjected to four levels of drought stress. In pot
seeds were sown in pots and exposed to outdoors.

METHODS: A factorial experiment was conducted using four levels of water stresses
namely well-watered (100% of field capacity) as control, (80%FC, 60%FC and 40% FC) in
pot condition and well-watered (OMPa) as control, (-0.3 MPa and -0.6 MPa and -0.9 MPa)
in laboratory condition as the first factor and turfgrass species as the second factor on a
Completely Randomized Design (CRD) with 3 replications in 2018, Ahvaz, Iran. Data
collected for 14 physiological traits of the seedlings.

RESULT: The result of ANOVA showed significant effects of species and water stress
levels for all traits (p<0.01). Interaction effects of species and water stress were significant
for all traits except contine of catalase in glasshouse condition indicating that the grass
species had different responses to water stress. Results of means comparison between water
stress levels showed in pots condition the values of RWC, recovery after drought and
regrowth after cutting were decreased by drought stress and the lower values were
observed in 40%FC. The higher values of RWC, carbohydrates, Proline and Catalase, SOD
and APX content were obtained in C. dactylon, indicating that this species was more
tolerated to drought stress than other species and recommended for cultivation in green
space of Iran. Turf quality and chlorophyll content was decreased due to drought stress.
Proline content was increased in three species with prolonged withholding irrigation.
CONCLUSION: The highest prolin was observed in C. dactylon in 80% FC. There was
significant difference in activities of superoxide dismutase and catalase between stressed
plants and control plants. The highest activities of enzymes were showed in C. dactylon.
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1. BACKGROUND

One of the main pillars of green
space are cover plants and grass is one
of the most important cover plants of
the world. Grass has the greatest role in
purifying and reducing air pollution.
Plant growth and development are un-
der influence of genetics characters and
environmental conditions. Some factor
like temperature, moisture, radiation,
feed and gases can influence plant
growth and development and cause re-
duction and increase in their function.
One of the important environmental
stresses is drought stress (Farzami-
sepehr et al., 2021). In arid and semiar-
id areas, irrigation water supply for
turfgrass is a major problem (Riaz et al.,
2010). Grass has the greatest role in pu-
rifying and reducing air pollution for
urban environments (Kafi and Kaviani,
2002, Kuok and Tang, 2023 and Mathew,
2021). In recent years, increasing delete-
rious effects on agricultural productivity
has been observed, especially in arid
and semiarid regions where rainfall is
low and evapotranspiration is high (Jha
et al., 2019). Plants have developed var-
ied mechanisms responsible for both
avoidance and tolerance to stress in
cells (Acosta et al., 2017). Increasing
drought stress in thymes causing the
reduce traits such as plant height, num-
ber of lateral shoots, dry and fresh
weight of biomass, and in contrast,
leading to increase the root volume, root
dry weight and root length (Amini
Dehaghi and Babaee, 2010 and Azimi et
al., 2018). Proline as an amino acid is
compatible solutes for cell osmotic ad-
justment and protection of cell compo-
nents during dehydration (Zhang et al.,

2009). Drought stress increases proline
content in Brassica napus (Mirzaee,
2013), Sainfoin (Veisipoor et al., 2013),
grape cuttings (Meng et al., 2014) and
soybean (Ghorbanali and Niakan,
2007). Drought stress also increases
soluble carbohydrate and protein con-
tent (Kabiri et al., 2018; Mirzaee, 2013,
Meng et al.,, 2014; Ghorbanali and
Niakan, 2007). In contrast, photosyn-
thesis is limited by drought stress due to
stomatal closure (Flexas et al., 2004;
Chaves et al., 2009; Mafakheri et al.,
2010), consequently drought stress de-
creases the chlorophyll content in plant
species (Alaei et al., 2013). Many of
important turfgrass species are currently
harvested in their natural habitats in
Iran. These can lead to the destruction
of a large part of the germplasm of val-
uable species. Therefore, domestication
and cultivation of important turfgrass
species in dryland farming conditions
are high priority here in Iran.

2. OBJECTIVES

This study was aimed to assess re-
sponses of Seven amenity grass species
for morphological and physiological
traits in two pot and laboratory condi-
tions.

3. MATERIALS AND METHODS
3.1. Field and Treatments Information
Seven amenity grass species as
Cynodon dactylon, Dichondra repens,
Festuca arundinaceae (cv. Finelawn,
Starlette and Talladega), Festuca rubra
(cv.Napoli and  Simone), Lolium
perenne (cv. Capri, Danilo and Dela-
ware), Poa pratensis (cv. Mardona) and
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two cv. Sport seed provided from Italy
and Netherlands were subjected to four
levels of drought stress. This experi-
ment was conducted in pot condition. In
pots condition plastic pots in size of 20
cm were used. Pots had some holes for
drainage. A bit of gravel was placed at
the bottom of the pots to facilitate the
depletion of water. The pots were filled
with soils. Seeds were disinfected by
Mancoseb fungicide with the 1:2000
ratios to prevent the fungal contamina-
tion. In each pots 20 seeds sown in 2018
in ahvaz, Iran. Pots were irrigated regu-
larly until the seeds go to germination
and seedlings were appeared. Then, the
pots were kept outdoor under shelter
during winter. In March 2018, the pots
were arranged using a factorial experi-
ment based on a completely randomized
design (CRD) with three replications.
The first factor was drought stress lev-
els as control 100% Field Capacity
(FC), 80% FC , 60% FC and 40% FC in
pot condition and four levels of water
stresses namely well-watered (OMPa) as
control, (-0.3 MPa and -0.6 MPa and -
0.9 MPa) in laboratory condition. The
second factor was turfgrass species. To
determine the amount of water require-
ments for pots, at the beginning of the
experiment, the soil FC was determined
by pots weighing method. To this end,
water was gradually added to the dry
soil in a pot after saturation and the
withdrawal of excess water, the pots
were weighed again.

3.2. Measured Traits

The pots were weighed every two
days interval on the specified weight for
each treatment, the amount of needed

water was added to each pot Irrigation
treatments were continued for three
months. Then, data collected for physio-
logical traits in May 2018. The leaf
pigments, chlorophyll a and b and ca-
rotenoid content were quantified ac-
cording to the protocol of Lichtenthaler
and Wellburn (1983). Proline content
was determined using the method of
Bates et al. (1973) and soluble sugars,
measured using methods of Irigoyen et
al. (1992). The leaf relative water con-
tent (RWC) determined according to the
method of Ritchie et al. (1990) and
meanwhile, the proxidase and catalase
enzyme activities were measured using
Elstner et al., (1995) method.

3.3. Statistical Analysis

At the end of the experiments, the
analysis of variance was carried out and
the mean comparisons were made using
Duncan's method for all traits. SAS
(Ver.9) and Excel (Ver.2016) software
were used for statistical analyses.

4. RESULT
4.1. Physiological traits

The results of the analysis of variance
showed significant effects of species, water
stress for often of physiological traits
(p<0.01). In pot condition interaction ef-
fects were significant for all traits exept
APX (p<0.01).(Table 1). The result of
mean comparisons showed, Cynodon dacty-
lon and F. arundinaceae (Finelawn) with
average values of 56.10 % and 55.80 % had
higher RWC, respectively, indicating their
ability to retain more water in their leaves
under drought stress (Table 2). The results
of mean comparison between treatments
showed that the values of RWC were 55%,
52%, 52 and 47% for FC 100%, FC 80%,



Seyedmohammadi et al, The Effect of Water Deficit Conditions... 48

FC 60% and FC 40%, respectively and all
of species had dissimilar trends for RWC
(Table 2). Similar to the results of this
study, reported by Farkhondeh et al. (2012)
that drought stress conditions decresed
RWC due to reduced leaf water potential.
Poapratensis in the 80% FC treatments
gave the highest Relative Water Content
value in greenhohse condition (Fig 2). For
recovery after drought, the highest values
4.01 were observed in Cynodon dactylon
(Table 2). In comparisons between drought
stress levels, the values of 3.86, 3.28, 2.24
and 1.55 were observed in FC 100%, FC
80%, FC 60% and FC 40%, respectively,
indicating that recovery after drought val-
ues decreased by increasing drought stress
(Table 2). The result showed that in all spe-
cies, a decrease in recovery after drought
occurred after an increase in drought (Fig
1). Cynodon dactylon in the control treat-
ments (100% FC) gave the highest recovery
after drought value in greenhohse condition
(Fig 1). For regrowth of cutting, the highest
values 4.33 were observed in Cynodon dac-
tylon (Table 2). In comparisons between
drought stress levels, the values of 4.17,
3.73, 3.49 and 3.42 were observed in FC
100%, FC 80%, FC 60% and FC 40%, re-
spectively, indicating that regrowth of cut-
ting values decreased by increasing drought
stress (Table 2). The result showed that in
all species, a decrease in regrowth of cut-
ting occurred after an increase in drought
(Fig 1). For proline content, the highest and
lowest values of 6.29 and 5.52 mgg'F/W
were observed in Cynodon dactylon and
F.arundinaceae (Finelawn) species, respec-
tively (Table 2). In comparisons between
drought stress levels, the highest value of
4.73 mgg'F/W was obtained in FC 40%
that was significantly higher than the two
other stress levels FC 60% and FC 80%. In
Lolium perenne, proline concentrations in
four species were all increased under
drought stress (Gholamian et al., 2019).

Indicating the amount of proline content
increased with increasing drought stress,
but this increase was not linear. Due to the
lack of proline content variation among
plant species under water stress, all 14 vari-
eties and seven species exhibited a similar
trend in carbohydrate levels. The highest
values were often observed in the 40% field
capacity (FC 40%) treatment (Fig.2). For
carbohydrates content, the highest and low-
est values of 43.9 and 33.76 mgglF/W
were obtained in F.arundinacea (Talladega)
and Lolium perenne, respectively (Table 2).
In comparisons between drought stress lev-
els, the highest value of 39.84 and 39.29
mggF/W was obtained in FC 40% and FC
100% that was significantly higher than the
two other stress levels FC 60% and FC
80%. Indicating the amount of carbohy-
drates increased with increasing drought
stress, Due to the lack of carbohydrates
content, species by water stress interaction,
all 14 variety and seven species had a simi-
lar trend of carbohydrate and the lowest
values in often of them was observed in FC
60% (Fig 2). For catalase enzyme activity
the highest and lowest values of 29.99 and
29.77 mgg™*F/W were obtained in Cynodon
dactylon and F. arundinaceae (Finelawn),
respectively (Table 2). In comparing be-
tween four levels of drought stress, the
highest value of 29.61 mgg*F/W was ob-
served in FC 40% that was significantly
highest in the four levels of drought stress,
in the other words, the amount of this en-
zyme increased with increasing drought
stress, but this increase was not linear (Ta-
ble 2). For superoxide dismutase enzyme
activity (SOD), the highest and lowest val-
ues of 1.39 and 0.80 were obtained in
Cynodon dactylon and Poa pratensis (Mar-
dona), respectively (Table 2). In comparing
between four levels of drought stress, the
highest value was observed in FC 40% and
FC 100% that was significantly higher than
the two other stress levels FC 60% and FC
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80%. The amount of this enzyme decreased
with increasing drought stress, but this de-
crease was not linear (Table 2 and Fig. 2).
For Ascorbat Peroxidase enzyme activity
(APX), although the highest and lowest
values of 7.23 and 5.18 were obtained in
Cynodon dactylon and Sport sed NL re-
spectively, but the difference between vari-
eties was not significant (Table 2). In com-
paring between four levels of drought
stress, the highest value was observed in FC
40% that was significantly higher than the
three other stress levels. The amount of this
enzyme decreased with increasing drought
stress, but this decrease was not linear (Ta-
ble 2 and Fig. 2).

4.2. Leaf pigments

The results of the analysis of variance
showed significant effects of species, for all
of leaves pigments. The effects of water
stress and species by water stress interac-
tion were significant for all of leaves pig-

ments (Chlorophyll a, chlorophyll b and
carotenoid), (Table 2). The results of mean
comparing showed that the higher values
were obtained in Sport seed NL. (Table 2).
In mean comparison between drought stress
treatments, the highest and lowest values of
chlorophyll a (0.80 and 0.68 mggF/W),
chlorophyll b (with 0.47 and 0.43 mgg
1F/W) and carotenoid (with 0.35 and 0.33)
were obtained in normal (FC 100%) and
severe (FC 40%) stress, respectively (Table
2). Due to the lack of species by water
stress interaction, all 14 variety had a simi-
lar trend for leaves pigment changes and the
highest and lowest values always were ob-
served in FC 100% and FC 40%, respec-
tively (Fig. 1 and Fig. 2). In Lolium
perenne, in 25% FC showed the lowest
chlorophyll content (12.6 mg.g* FW) and
chlorophyll content was higher at 100% FC
in Poa pratensis (44.24 mgg* FW) compare
to other species (Gholamian et al., 2019).
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Table 1. ANOVA of physiological traits in seven turfgrass species under four levels of drought Stress in pot conditions

Green Leaf Recovery Regrowth  chlorophyll ~ Chlorophyll - . SOD APX
S.0.V. df color burn After drought o cutting a b Carotenoid RWC Proline  Carbohydrates  Catalase
Drought (D) 3 0.86™ 1412™ 30.13™ 3.25™ 0.10 ™ 0.02™ 0.01™ 266.66 ™ 150" 119.94 ™ 77.82™ 042" 2691
Genotype (G) 13 2.18™ 155™ 3.05™ 2.42™ 0.08 ™" 0.03™ 0.01™ 108.03™ 846  69.94 ™ 20.60™ 022" 256™
GxD 39 036™ 1.04™ 1.08™ 0.69 0.06 ™" 0.01™ 0.01™ 139.10™ 519 1897 246" 010" 1.29™
Error 168 0.06 0.08 0.11 0.31 0.01 0.00 0.00 22.58 0.43 8.12 4.75 0.01 5.15
%CV 7.98 9.94 12.40 15.11 10.51 7.84 5.80 9.24 14.77 7.53 8.02 10.84  34.50
ns *and ** are respectively, non-significant and significant at 5 and 1% probability levels.
Table 2. Means of physiological traits in four levels of drought Stress Treatments
Green Leaf Recovery Regrovyth Chlorophylla  Chlorophyllb  Carotenoid Proline Carbohydrates ~ Catalase SOD APX
Treatments gg(l)cr)g Echl)rrr:e of g;glrjéqht ofst:cu(}:Lng mg g-1F/W mg g-1F/\W  mg g-1F/W RWC mg gtF/W mg g tF/W U/mingfw  U/mingfw  U/mingfw

Drought Stress
%100 FC 324a 370a 3.86a 417a 0.80a 0.47a 0.35a 54.78 a 4.40a 39.29a 26.62 b 120a 6.41b
%80 FC 3.06b 311b 3.28b 3.73b 0.70b 0.46a 0.34ab 51.94 b 4.39ab 36.83b 26.42b 1.01b 6.13b
%60 FC 2.89¢c 263c 224c¢ 349b 0.67 b 0.43 0.33b 51.74b 417b 35.45h 25.93b 0.98b 5.78b
%40 FC 286¢c  2.03d 1.55d 342b 0.68 b 0.43b 0.33b 4731c 473a 39.84a 29.61a 121a 8.00 a
Species/ cultivar
Cynodon dactylon 268ef 339ab 4.0la 4.33a 0.56 h 0.49b 0.32de 56.10 a 6.29a 40.04 be 29.99 a 139a 7.23a
Dichondra repens 3.29¢c 1.86¢g 2.05e 298¢ 0.81 abc 0.46 bc 0.35¢ 48.42 def 2541 37.27 cde 26.50 de 0.91de 6.19 ab
F. arundinaceae (Finelawn) 3.71ab 3.46a 3.76a 4.09 abc 0.81 abc 0.48b 0.35¢ 55.80 a 552b 4251 ab 29.77 ab 1.20 be 7.36a
F. arundinacea (Starlette) 279de 329abc 3.09b 420 ab 0.74 cde 0.42 def 0.31ef 5487ab 522b 36.42 def 27.03 cd 1.17 be 6.69 ab
F.arundinacea (Talladega) 3.03d 3.1l1cde 3.30b 414 ab 0.76 bcd 0.47 bc 0.35¢ 54.87ab  4.60 cde 4390 a 29.41abc  1.28ab 6.95 ab
F. rubra (Napoli) 294de 3.04cd 258d 3.84 abc 0.74 cde 0.45 bed 034c 54.57abc  4.81cd 38.14 cd 27.18bcd  1.17 be 6.93 ab
Festuca rubra (Simone) 280de 291de 2.98 bc 4.08 abc 0.73 de 0.46 bc 0.39b 53.65bc  4.13ef 36.71 def 27.00 cd 1.21bc 6.94 ab
L. perenne (Capri) 275e 291de 2.64cd 3.96 abc 0.69 efd 0.43 cde 0.31ef 53.16 bc  4.84cd 38.41 cd 26.70 de 1.13c 6.54 ab
L. perenne (Danilo) 234g 305cd 2.44d 3.60bcd  0.65fg 0.40 fg 0.30 efg 49.27de  3.76fg 37.58 cde 26.37 de 114c 6.44 ab
L. perenne (Delaware) 2289 218 f 2.29de 3.60 bed 0.54h 0.35h 0.29¢ 50.19 b-f  2.88hi 40.16 be 27.48bcd 1l.l4c 6.72 ab
Lolium perenne 249fg 2.79de 256d 3.96 abc 0.60 gh 0.37gh 0.30 efg 4957 b-f  4.74 cde 33.76 f 25.94 de 0.98d 6.78 ab
Poa pratensis (Mardona) 350bc 268e 199e 235f 0.67 efg 0.42 def 0.31 ef 45.35 f 3.32gh 35.17 def 24.25¢e 0.80e 5.94b
Sport seed Italy 375ab 2.64e 2.31de 348cde  0.84ab 0.48 b 0.39b 48.12ef  4.96 bed 35.22 def 25.78 de 0.94d 6.24 ab
Sport seed NL. 38la 28lde 2.28de 3.21de 0.87a 0.60a 04la 46.27 f 4.30 def 34.65 ef 26.61 de 0.91 de 5.18b

Means followed by the same letter in in the columns have no significant differences at 5% probability by duncan test.
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Fig. 1. Means of physiological traits in three turfgrass species under four levels of drought stress in pot

conditions.
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5. DISCUSSION

For physiological traits the trends of
osmotic solutes (proline) and antioxi-
dant enzymes (SOD, APX and catalase)
were similar and different levels of
drought stress nonlinearly, they caused
a change in the amount of traits. But,
the RWC and pigments by increasing
drought stress values decreased. For
RWC, Cynodon dactylon and F. arun-
dinaceae (Finelawn) with average val-
ues of 56.10 and 55.80 had higher RWC
than other species, respectively, indicat-
ing their ability to retain more water in
leaves under drought stress (Table 2).
The RWC values were decreased by
drought, but, the trend of decreases
were not similar in oll of species and
the slope of decrease was different in
species (Fig 2). Plant recovery is possi-
ble by increasing concentrations of so-
lutes in dehydrated cells. In Our study,
although, the RWC had decreased down
to 60% in severe stress (40% FC), but in
all of the species this effect was re-
versed in the severe stresses. For carbo-
hydrates content, the highest and lowest
values of 43.9 and 33.76 mgg-1F/W
were obtained in F.arundinacea (Tal-
ladega) and Lolium perenne, respective-
ly (Table 2). Due to the lack of species
by water stress interaction, often seven
species had a relatively similar trend of
carbohydrate and the highest values was
observed in FC 40% (Fig 2). Drought
stress increases soluble carbohydrate
activity in Dracocephalum moldavica
(Kabiri et al., 2018), canola (Mirzaee,
2013), and grape (Meng et al., 2014).
The highest and lowest values of 6.29
and 5.52 mgg-1F/W proline content
were observed in Cynodon dactylon and

F.arundinaceae (Finelawn) species. The
response of species to drought stress
were not similar, so that the highest
amount of proline was obtained in
Cynodon dactylon in FC 80% (Fig 2).
In mild winters, it has a good recovery
rate, it is a popular grass for golf and
sports fields (Hanna et.al., 2013). Pro-
line accumulation is a common physio-
logical response in many plants in re-
sponse to drought stress. Similar to our
results, drought stress increases proline
content in Sainfoin (Veisipoor et al.,
2013), grape cuttings (Meng et al.,
2014) soybean (Ghorbanali and Niakan,
2007). For catalase enzyme activity, the
amount of this enzyme increased with
increasing drought stress, but this in-
crease was not linear. For Ascorbat Pe-
roxidase (APX), there was no signifi-
cant species by water stress interaction
effect, therefore, the trend of its activity
in all seven species were similar and
enzyme activity increased by increasing
drought stress (Fig 2). For the chloro-
phyll a, chlorophyll b and carotenoid
there was significant difference between
the 14 variaty. However, For chloro-
phyll a, chlorophyll b and carotenoid
the higher values were obtained in Sport
seed NL. The trends of pigment de-
creases in all of species were similar
and the highest many reports that pho-
tosynthesis is limited by drought stress
due to stomatal closure (Flexas et al.,
2004; Chaves et al., 2009; Mafakheri, et
al., 2010), consequently drought stress
decreases the chlorophyll content in
plant species.
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6. CONCLUSION

The higher values of RWC, carbohy-
drate, proline and catalase, SOD and
APX content observed in Cynodon dac-
tylon show that this species is more tol-
erant to drought stress than other spe-
cies and it is recommended for cultiva-
tion in green spaces of Iran. In terms of
the set of physiological traits, this spe-
cies has shown the highest resistance to
drought in the conditions of drought
stress, and it is recommended to culti-
vate this grass in the conditions of hot
and dry weather and limited water re-
sources.
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