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1. Introduction

Bermudagrass is a warm-season, C4, perennial
grass. It has short, grey-green blades with rough
edges, stems of 1 to 30 cm in length and a deep root
system that can penetrate 2 m into the ground; how-
ever, most of the root mass is less than 60 cm deep
(Xu et al., 2011). Among the many advantages of tur-
fgrass areas are erosion and dust control, aquifer
recharge and protection from pollutants, heat reduc-
tion in urban environments, reduction of noise and
pollution, and providing human health and aesthetic
benefits (Stier et al., 2013). Water scarcity is an
increasing challenge to the turfgrass industry and
may result in irrigation restrictions being imposed
without regard for damage to turfgrass (Beard and
Kenna, 2008). For turf managers, thriving in an indus-

try where turf quality is of utmost importance is diffi-
cult when water is limiting. Therefore, researches
investigating turfgrass resistance to drought stress
have become increasingly important (Fry and Huang,
2004). Fu and Huang (2001) investigated the effects
of drought stress on two cool-season turfgrasses and
found that moderate drought stress had not effects
on morphological and physiological characteristics,
however in intensive drought stress, antioxidant
enzyme activities, chlorophyll content, relative water
content and shoot dry weight were decreased. In
addition to limited amounts of water, turfgrasses are
impacted by low-light environments. Shade is more
problematic for warm-season turfgrasses to maintain
quality given their higher light saturation point com-
pared to cool-season turfgrasses (Fry and Huang,
2004). Turfgrasses perform poorly in reduced light
environments due to high traffic rate, daily mowing,
and reduced photosynthesis. In shade, increased dis-
ease presence adversely affects cool-season turfgrass
development, while morphological limitations, such
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as reduced lateral stem growth, inhibits warm-sea-
son turfgrass development (Beard, 1972). Variations
of shade responses among species and cultivars
(Jiang et al., 2004; Trenholm and Nagata, 2005;
Sladek et al., 2009) make it possible to select turf-
grasses with superior shade tolerance. Identifying
morphological characteristics that are associated
with superior shade performance based on genetic
variation would add value to germplasm screening
for shade tolerant species and cultivars. Esmaili and
Salehi (2012) noted in bermudagrass that were treat-
ed with short photoperiod duration, verdure fresh
and dry weight, shoot height, tiller density, leaf area
and chlorophyll and relative water contents were
decreased, however electrolyte leakage and proline
content were increased. Although bermudagrass, the
most widely grown C4 turfgrass on an international
basis (Shearman, 2006), has been extensively stud-
ied, many challenges and questions still remain when
light is a limiting growth factor. The main objective of
the present study was to investigate the effects of
both irrigation interval and light duration on growth
and quality of common bermudagrass.

2. Materials and Methods

Plant material and experimental conditions 

This experiment was conducted at the Research
Greenhouse of the Department of Horticultural
Sciences, College of Agriculture, Shiraz University,
Shiraz, Iran (52◦32’E and 29◦36’N, 1810 m asl). Seeds
of common bermudagrass (Cynodon dactylon [L.]
Pers. California Origin) were weighed and cultured in
plastic pots with 19 cm in diameter and 25 cm in
height, without drainage (0.25 g pot−1) filled with 4 kg
clay-loam soil with permanent wilting point (PWP) of
19% and field capacity (FC) 29%. Watering was car-
ried out daily prior to beginning of treatments. Plants
were kept in a greenhouse with 31/25°C (day/night)
temperature and 35% relative humidity for one
month before the beginning of treatments.
Treatments were conducted at four irrigation levels
(25%, 50%, 75% and 100% FC) and three photoperiod
duration [8, 12 and 16 h as short day length (SDL),
intermediate day length (IDL) and long day length
(LDL)]. Watering was carried out daily before seed
germination and after turf establishment. Then, the
turves were watered equally when required.
Established turves were clipped from 3 cm above soil
by a hand mower and were transferred to a covered

frame which temperature, light (intensity and length)
and relative humidity were controlled with digital
sensors. The environmental condition of covered
frame was 31°C, white and creamy fluorescent lamps
one m above the pots with a constant light intensity
of 3000 lux, and 35% relative humidity for applying
simultaneous irrigation and photoperiod treatments.
Pots were weighed daily and set to different irriga-
tion treatments (25, 50, 75 and 100% FC), during the
whole of experiment. After three months, plants
were harvested in order to measure morphological
and biochemical traits.

Growth parameters

Growth parameters including, shoot height (cm),
leaf area (cm2) and fresh and dry weights of shoot
and root (g) were measured. Dry weights were mea-
sured when the materials dried at 60°C for 48 h. 

Chlorophyll content

Chlorophyll content was measured according to
the method of Saini et al. (2001) using the following
formula: 

Chlorophyll (mg/g f.w.) = [20.2(OD 645 nm) +
8.02(OD 663 nm) × V/ (f.w.×1000)]

Where: OD is optical density, V is the final solution
volume in ml and f.w. is tissue fresh weight in mg. 

Proline content

Proline was determined according to the method
described by Bates et al. (1973). Using spectropho-
tometer (Biowave II, England) at 520 nm wavelength,
appropriate proline standards were included in calcu-
lation of its content in samples.

Total soluble sugars and starch analysis 

The total soluble sugars were measured using the
method as previously described by Dubois et al.

(1956). The total soluble sugar content of samples
was measured at 490 nm of absorbance and glucose
solution was used at different concentrations for
standard curve drawing. The starch content was
quantified using the Bradford method (McCready et

al., 1950). The starch content was measured at
absorbance of 630 nm and calculated using the stan-
dard curve of glucose and multiplying it by 0.92.

Antioxidant analysis

Fresh samples were homogenized in extraction
buffer (0.1 M phosphate buffer pH 6.8) with mortar
and pestle on ice. The homogenate was then cen-
trifuged at 12,000 g for 15 min at 4°C and the super-
natant was used as the crude extract for the superox-
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ide dismutase (SOD), guaiacol peroxidase (POD),
ascorbate peroxidase (APX) and catalase (CAT). The
SOD, POD, APX and CAT enzymes were estimated
using the methods previously described by
Beauchamp and Fridovich (1971), Chance and
Maehly (1995), Nakano and Asada (1981) and
Dhindsa et al. (1981), respectively. 

Experimental design and data analysis

This study was conducted in a completely ran-
domized design with factorial arrangements and two
factors: field capacity and photoperiod with four
replicates. Data were analyzed using statistical soft-
ware (SAS Software) and mean comparisons were
performed using LSD test at 5% level.

3. Results and Discussion

Results of analysis of variance (Tables 1 and 2)
showed that photoperiod (except for soluble sugar)
and irrigation had significantly influenced the mea-
sured traits and also the interaction of photoperiod
and irrigation had a significant effect on fresh and dry
weights of shoot, proline content and the level of
activity of superoxide dismutase.

Shoot height and leaf area

Shoot height and leaf area significantly declined
by decreasing field capacity from 100% to 25% (Table
3). Shoot height and leaf area decreased (47.09% and
27.77%, respectively) at 25% FC compared to 100%
FC (Table 3). Ryan (2011) reported that growth can
be reduced through impairment of cell division and

cell expansion which occurs at a lower water stress
threshold rather than photosynthetic inhibition. Fu
and Huang (2001) reported that shoot growth of both

Table 1 - Analysis of variance of photoperiod, field capacity and interaction between photoperiod and field capacity measured traits

Source of variability df
Shoot 
height

(cm)

Leaf 
area 
(cm2)

Shoot 
fresh weight

(g)

Shoot 
dry weight

(g)

Root 
fresh weight

(g)

Root 
dry weight

(g)

Sugars of
shoot 

(mg g-1 d.w.)

Photoperiod 2 38.45 ** 0.04** 212.24** 20.59** 36.59** 4.87** 5.77 NS

Field capacity 3 314.82** 0.33** 141.40** 141.40** 1337.54** 324.86** 79732.82**
Photoperiod * field capacity 6 0.0 NS 0.0 NS 1.25** 1.25** 0.0 NS 0.0 NS 0.0 NS

Error 33 0.17 0.002 0.24 0.24 0.00 0.08 7.01
CV - 2.18 4.32 3.58 6.57 0.00 2.02 1.96

** and NS significant at the 0.01 level and not significant respectively.

Table 2 - Analysis of variance of photoperiod, field capacity and interaction between photoperiod and field capacity measured traits

** and NS significant at the 0.01 level and not significant respectively.

Source of variability df
Superoxide 
dismutase
(Ug-1 FW)

Catalase
(Ug-1 FW)

Peroxidase
(Ug-1 FW)

Ascorbate 
peroxidase
(Ug-1 FW)

Chlorophyll 
(mg g-1 FW)

Proline 
(µmol g-1 FW)

Starch 
content 

(mg g-1 DW)

Photoperiod 2 4044.08** 97.06** 969.12** 28933.33** 0.59** 4.99** 3.33**

Field capacity 3 55360.44** 234.71** 5248.15** 257973.85** 1.74** 7238.96** 105235.35**

Photoperiod * Field capacity 6 2.52 NS 0.0 NS 0.0 NS 0.0 NS 0.00 NS 2.27** 0.00 NS

Error 33 235,20 3.26 27.65 260.03 0.00 0.12 0.00

CV - 9.91 5.65 6.67 1.79 0.0 2.68 0.00

Variables
Photo-
period

Field capacity (%)
Mean

100% 75% 50% 25%

Shoot length LDL 22.25 d* 21.27 e 16.67 h 11.05 k 17.81 C
(cm) IDL 23.75 c 22.77 d 18.17 g 12.55 j 19.31 B

SDL 25.35 a 24.37 b 19.77 f 14.15 i 20.91 A
Mean 23.78 A 22.80 B 18.20 C 12.58 D

Leaf area LDL 1.22 bc 1.22 bc 1.17 c 0.87 e 1.12 B
(cm2) IDL 1.23 bc 1.23 bc 1.18 c 0.88 e 1.13 B

SDL 1.32 a 1.32 a 1.27 ab 0.97 d 1.22 A
Mean 1.26 A 1.25 A 1.20 B 0.91 C

Shoot fresh LDL 20.30 a 20.26 a 16.16 b 14.06 c 17.69 A
weight (g) IDL 16.32 b 16.26 b 12.81 d 9.13 e 13.63 B

SDL 13.85 c 12.83 d 9.69 e 5.34 f 10.42 C
Mean 16.82 A 16.45 A 12.88 B 9.51 C

Shoot dry LDL 11.30 a 11.26 a 7.16 d 5.06 e 8.69 A
weight (g) IDL 10.32 b 10.26 b 6.81 d 3.13 f 7.63 B

SDL 9.85 b 8.83 c 5.69 e 1.34 g 6.42 C
Mean 10.49 A 10.11 A 6.55 B 3.17 C

Root fresh  LDL 39.78 a 38.69 b 29.54 g 16.99 j 31.25 A
weight (g) IDL 37.80 c 36.71 e 27.56 h 15.01 k 29.27 B

SDL 36.81 d 35.72 f 26.57 i 14.02 l 28.28 C
Mean 38.13 A 37.04 B 27.89 C 15.34 D

Root dry LDL 19.78 a 18.69 b 13.46 d 8.54 f 15.12 A
weight (g) IDL 19.69 a 18.60 b 13.37 d 8.45 f 15.03 A

SDL 18.82 b 17.73 c 12.50 e 7.43 g 14.12 B
Mean 19.43 A 18.34 B 13.11 C 8.14 D

Proline content LDL 5.57 i* 7.06 g 14.35 f 23.25 c 12.56 C
(mol g−1 f.w.) IDL 5.63 i 6.51 h 15.19 e 24.20 b 12.88 B

SDL 5.66 i 6.89 gh 17.29 d 24.74 a 13.65 A
Mean 5.62 D 6.82 C 15.61 B 24.07 A

*In each variable, data followed by the same letters (small letters for inte-
ractions and capital letters for means) are not significantly different using
LSD at 5% level. 
LDL= long day length.
IDL= intermediate day length
SDL= short day length.

Table 3 - Effect of field capacity and photoperiod and their
interaction on shoot length, leaf area, shoot fresh and
dry weight, root fresh and dry weight and chlorophyll
content 
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kentucky bluegrass and tall fescue generally were not
affected by surface soil drying but under full drying,
shoot growth declined for both species. The reduced
leaf area is a modification to avoid evopo-transpira-
tion loss and to increase water use efficiency in grass-
es which helps to tolerate water stress. Low leaf sur-
face area would reduce transpiration rate also by
lowering stomatal activity (Riaz et al., 2010). Turf
shoot height showed considerable difference in LDL
treatments compared to SDL treatments. Reducing
photoperiod significantly increased the shoot height
and leaf area (Table 3). Shoot height and leaf area
increased significantly with shortening day length
that it’s maximum and minimum decreased (14.82%
and 8.19%, respectively) was observed at SLD com-
pared to LDL (Table 3). Similar results have reported
on bermudagrass (Tegg and Lane, 2004) and zoysia-
grass (Qian and Engelke, 1999).

Shoot fresh weight

Reducing field capacity from 100% FC to 25% FC
significantly decreased the shoot fresh weight to
43.46% at 25% FC compared to 100% FC (Table 3).
Riaz et al. (2010) demonstrated that, water deficit
conditions had a significant inhibitory effect on shoot
fresh and dry weights of three bermudagrass culti-
vars. The extended photoperiod (16 h) significantly
increased fresh weight compared to shorter pho-
toperiods (12 h and 8 h). Shoot fresh weight
increased 41.09% under LDL compared to the SDL
condition (Table 3). Sinclair et al. (2004) demonstrat-
ed that the extended photoperiod increased biomass
accumulation of four grasses (‘Pensacola’ bahiagrass,
Paspalum notatum Flugge var. Saurde Parodi; ‘Tifton
85’ bermudagrass, Cynodon spp. L. Pers.; ‘Florakirk’
bermudagrass; and ‘Florona’ stargrass, Cynodon nlem-

fuensis Vanderyst var. nlemfuensis) compared to short
day condition. Interaction between field capacity and
photoperiod resulted in the highest and lowest fresh
weight in 100% FC-LDL and 25% FC-SDL treatments
(Table 3).

Shoot dry weight

Different percentages of field capacity and pho-
toperiod had significant effects on dry weight (Table
3). Reducing field capacity and photoperiod signifi-
cantly decreased the dry weight. The shoot dry
weight in 100% FC conditions decreased 69.78%
compared to 25% FC condition (Table 3). Similar
results have been reported on creeping bentgrass
(Agrostis stolonifera L.), rough bluegrass (Poa trivialis

L.), and perennial ryegrass (Lolium perenne L.)
(Pessarakli  and Kopec, 2008), bermudagrass

(Cynodon dactylon L.) (Riaz et al., 2010). The highest
and lowest dry weight was observed in 100% FC-LDL
and 25% FC-SDL treatments, respectively (Table 3).
Burton et al. (1988) stated that day length was highly
correlated with yield of ‘Coastal’ bermudagrass, with
yield reduction occurring in day lengths under 13 h.
Therefore, photoperiod influenced dry matter pro-
duction of forage grasses. Extended photoperiod
throughout the cool-season in short-day length con-
ditions substantially decreased forage yield (Sinclair
et al., 1997, 2001, 2003).

Root fresh weight

Root fresh weight significantly declined by
decreasing field capacity from 100% to 25%. Root
fresh weight decreased (59.76%) at 25% FC com-
pared to 100% FC (Table 3). The impact of partially
closing stomata limits CO2 availability and reduces
photosynthesis, which is vital to produce and translo-
cate carbohydrates to roots to explore deeper mois-
ture (Huang, 2006). Huang and Gao (2000) found that
severe leakage of organic solutes from roots in drying
soil gives evidence that root death of tall fescue culti-
vars during drought stress may correlate with root
desiccation. There was a significant difference
between LDL, IDL and SDL treatments and the high-
est and lowest root fresh weights were obtained in
LDL and SDL treatments, respectively. Root fresh
weight decreased 9.50% at SDL compared to LDL
(Table 3). This is in agreement with Wang et al.
(2004) who reported that an increase in root growth
is associated with extended light duration and is
related to increase in internal cytokinin concentra-
tion and its increased activity in root tips. 

Root dry weight

As shown in Table 3, reduction in field capacity
decreased root dry weight of plants. The highest and
lowest root dry weights were observed in 100% FC
and 25% FC treatments, respectively and in 25% FC
decreased 58.10% compared to 100% FC. Pessarakli
and Kopec (2008) demonstrated that, water deficit
conditions showed a significant decrease in root dry
weight of three turfgrass species. The highest and
lowest root dry weight was obtained in LDL and SDL
treatments, respectively (Table 3). Root dry weight
decreased 6.61% at SDL compared to LDL (Table 3).
Beard (1972) reviewed the morphological responses
of turfgrasses under shade based on the research
conducted before 1995, and found alterations such
as: reduced tillering and shoot density, longer intern-
odes with a reduced stem diameter, increased leaf
length, decreased leaf width, thinner leaves, more
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vertical leaf orientation, and fewer roots (McBee and
Holt, 1966; Almodares, 1980; Dudeck and Peacock,
1992). A shift in allocation of dry matter occurs in
response to shade, resulting in more dry matter par-
titioning into shoots rather than roots (Allard et al.,
1991; Dias-Filho, 2000). In response to lower irradi-
ance, accelerated leaf elongation and decrease in
partitioning to root dry matter are adaptive strate-
gies to enhance light capture (Semchenko et al.,
2012).

Proline content

Reducing field capacity and photoperiod signifi-
cantly increased proline content in all plants. The
highest amount of proline content was obtained in
25% FC and the lowest one was obtained in 100% FC
treatment (Table 3). This is in agreement with
(Etemadi et al., 2005) who demonstrated that the
increase in drought increased proline content in
bermudagrass (Cynodon dactylon L.). During drought
stress, plants respond to different stresses with
changes they create in their physiological features.
Accumulation of soluble material in response to
drought is a way to maintain turger. It seems that the
accumulation of free proline in plants is the general
reaction to the stress. However several other amino
acids increase under drought and salinity stress. But
the degree of changes is not comparable with proline
accumulation (Gzik, 1996). In a comparative study
between perennial ryegrass and red fescue for the
amount of resistance to the drought, it was seen that
the amount of proline in red fescue was more than
perennial ryegrass (Bandurska and Jozwiak, 2010).
The highest and lowest proline content was obtained
in SDL and LDL treatments, respectively (Table 3).
This is in agreement to the findings reported on the
effects of decreased photoperiod on bermodagrass
(Esmaili and Salehi, 2012). Interaction between field
capacity and photoperiod resulted in the highest and
lowest proline content in 25% FC-SDL and 100% FC-
LDL treatments (Table 3).

Chlorophyll content

Field capacity and light durations had significant
effects on leaf chlorophyll content. The highest and
lowest chlorophyll content, were observed in 100%
FC and 25% FC treatments, respectively (Table 4).
Induction of drought has caused a reduction of elec-
tron carrier in photosynthesis and a reduction in
chlorophyll content which has been reported by
(Zuily et al., 1990; Moran et al., 1994). Prolonged
drought, heat, and the combined stresses could lead
to loss of chlorophyll and lipid peroxidation, resulting

in further turf quality decline (Jiang and Huang,
2001). Water is required to facilitate photosynthesis
in plants. Low energy electrons are extracted from
water and are energized through light energy cap-
tured by chlorophyll. These energized electrons
enable the production of NADPH and ATP which are
then used to reduce CO2. CO2 is taken up from the
atmosphere through stomata. Stomata are very sen-
sitive to external environmental factors such as light,
CO2, water status, and temperature (Hopkins and
Hüner, 2004). The loss of chlorophyll by the plant in
an intense stress can be associated with photo oxida-
tion and consequently oxidative stress (Kato and
Shimizu, 1985). Kaiser (1987) indicated that an irre-
versible decrease in plant photosynthetic capacity
occurs as RWC declines below 30%, leading to cell
death from membrane damage in chloroplasts.

Table 4 - Effect of field capacity and photoperiod and their
interaction on proline, sugars and starch contents,
activity of Superoxidase dismutase, Catalase,
Peroxidase, and Ascorbate peroxidase enzymes

Variables
Photo-
period

Field capacity (%)
Mean

100% 75% 50% 25%

Chlorophyll LDL 1.81 a 1.78 b 1.48 e 0.99 j 1.52 A

content IDL 1.74 c 1.71 d 1.41 h 0.92 k 1.44 B

(mg Chl g−1f.w.) SDL 1.45 f 1.42 g 1.12 i 0.63 l 1.15 C

Mean 1.67 A 1.64 B 1.33 C 0.85 D

Sugars of shoot LDL 62.63 de 67.19 c 199.39 b 212.15 a 135.34 A

(mg g−1d.w.) IDL 61.81 e 66.37 cd 198.22 b 211.33 a 134.52 A

SDL 61.45 e 66.02 cd 198.22 b 210.98 a 134.17 A

Mean 61.96 D 66.53 C 198.72 B 211.49 A

Starch content LDL 225.30 a 224.10 d 91.50 g 41.30 j 145.50 A

(mg g−1 d.w.) IDL 224.90 b 223.70 e 91.10 h 40.90 k 145.10 B

SDL 224.30 c 223.20 f 90.60 i 40.40 l 144.60 C

Mean 224.80 A 223.70 B 91.10 C 40.90 D

Superoxide LDL 136.00 cd 148.50 c 266.00 a 116.00 def 166.62 A

dismutase IDL 128.50 cde 143.50 c 261.50 a 109.50 ef 160.75 A

(Ug-1 FW) SDL 106.00 fg 118.50 def 236.00 b 86.00 g 136.62 B

Mean 123.50 C 136.83 B 254.50 A 103.83 D

Catalase LDL 31.48 ef 34.45 cd 40.71 a 31.18 efg 34.45 A

(Ug-1 f.w.) IDL 28.89 fgh 31.86 de 38.12 ab 28.59 ghi 31.86 B

SDL 29.53 efg 29.53 efg 35.78 bc 26.25 i 29.53 C

Mean 28.98 C 31.95 B 38.20 A 28.67 C

Peroxidase LDL 68.40 fg 70.75 f 94.58 c 112.40 a 86.53 A

(Ug-1 f.w.) IDL 60.80 hi 63.15 hi 86.99 d 104.81 b 78.94 B

SDL 52.83 j 55.18 ji 79.02 e 96.84 c 70.97 C

Mean 60.68 C 63.03 C 86.86 B 104.68 A

Ascorbate LDL 869.64 de 879.64 d 1160.36 a 854.29 ef 940.98 A

peroxidase IDL 829.64 gh 839.64 fg 1120.36 b 814.29 hi 900.98 B

(Ug-1 f.w.) SDL 784.64 kj 794.64 ij 1075.36 c 769.29 k 855.98 C

Mean 827.97 B 837.97 B 1118.69 A 812.61 C

*In each variable, data followed by the same letters (small letters for inte-
ractions and capital letters for means) are not significantly different using
LSD at 5% level. 
LDL= long day length.
IDL= intermediate day length
SDL= short day length.
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Detrimental effects on chloroplast biochemistry or
chlorophyll fluorescence occur when RWC drops
below 60% in tall fescue (Huang et al., 1998). Surface
drying had no effects on chlorophyll content in ken-
tucky bluegrass (Poa pratensis L.) and tall fescue
(Festuca arundinacea Schreb.) while under full dry-
ing, chlorophyll content decreased in both grasses
(Fu and Huang, 2001). Our findings were in agree-
ment are (Fu and Huang, 2001) who reported that
amount of chlorophyll in bermudagrass under mod-
erate stress is not reduced, but it will be reduced in
the severe drought. Chlorophyll content decreased
with decreasing day length and the highest and low-
est ones were observed in LDL and SDL treatments,
respectively (Table 4). Shorting photoperiod caused
decrease in chlorophyll content. In a research, the
resistances to low light stress in both bermudagrass
and paspalum have been examined and it was con-
cluded that resistance to low light stress in the pas-
palum is more than bermudagrass (Jiang et al., 2004).
Baldwin et al. (2008) reported that bermudagrass
showed significant decrease in chlorophyll content in
response to short day length condition.

Total soluble sugars and starch content

Regardless of photoperiod, decrease in field
capacity significantly increased total soluble sugars in
the shoot (Table 4). Starch content declined by
decreasing field capacity from 100% to 25% (Table 4).
Shoot starch content, were highest and lowest in
100% and 25% FC treatments, respectively (Table 4).
On the other hand, total soluble sugars during the
drought can increase making these compounds non-
photosynthetic routes and growth stopping due to
the destruction of in soluble sugars and their change
to soluble sugars (Hissao, 1973). Although some
researchers have suggested that the destruction of
starch can also increase monosaccharaides (Düring,
1992). The researchers stated that an increase of
amylase in water stress causes starch degradation
and the conversion of this large molecule into smaller
units (Movahhedi-Dehnavi et al., 2004). Different
photoperiod had no significant effects on total solu-
ble sugars (Table 4). Shoot starch content decreased
by different light durations and the highest and low-
est one was observed in LDL and SDL treatments,
respectively (Table 4). Starch content decreased in
response to shortening the photoperiod. Some
researchers have reported that prolonging photope-
riod increases carbohydrates (Hay and Pederson,
1986; Solhoug, 1991; Wang et al., 1998). Other
researchers reported that the photoperiod had no

effect on carbohydrates production (Sicher et al.,
1982; Logendra and Janes, 1992).

Antioxidant enzyme activities

APX, POD, CAT and SOD enzymes activities
showed significant differences among field capacity
and photoperiod treatments. The activities of APX
were not significantly different between 100% FC and
75% FC treatments while were significantly increased
in 50% FC treatment and minimum APX activity was
observed at 25% FC treatment (Table 4). Bian and
Jiang (2009) investigated the accumulation of reac-
tive species of oxygen and antioxidants activity and
the pattern of gene expression of antioxidant
enzymes in the kentuchy bluegrass in the drought
condition. They observed that drought stress
increased the activity of APX and CAT and decreased
SOD and they stated that antioxidant enzymes and
their gene expression might be different or occur in
the immune system of kentuchy bluegrass roots and
leaves. POD enzyme activities increased with
decrease in field capacity levels. Differences in leaf
POD enzyme activities were not detected between
100% FC and 75% FC treatments. The maximum and
minimum POD activity was obtained in 25% FC and
100% FC treatments, respectively (Table 4). In a
research on drought tolerance of three cultivars of
creeping bentgrass, it was observed that long-term
drought stress reduced the activity of antioxidants
such as POD and increased lipid peroxidation and the
‘Greenwich’ showed high resistance to drought (Da-
Costa and Huang, 2007). CAT and SOD enzymes activ-
ities significantly increased with decreasing field
capacity from 100% to 50% then, declined in 25% FC
treatment (Table 4). Shao et al. (2005) reported that
in the of drought stress, the production amount of
three enzymes, CAT, SOD and POD in resistant
bermudagrass varieties have been significantly more
than drought-sensitive ones. General declines in
antioxidants, including CAT were reported in the
response of three species of creeping bentgrass to
drought stress. Moreover, they found that the
species Agrostis canina L. was the most resistant
species to drought (DaCosta and Huang, 2007). Liu et

al. (2008) in a research, physiologically and morpho-
logically investigated the five cultivars of kentuchy
bluegrass under drought and heat stress and
observed that drought and heat stress simultaneous-
ly reduces SOD enzyme in all cultivars and stated that
an increase of SOD enzyme activity cannot inhibit
stress and would only delay free radicals accumula-
tion. Results of present study indicated that regard-
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less of field capacity treatments, APX, POD, CAT and
SOD enzymes activities significantly decreased in
response to decreasing day length therefore, the
maximum and minimum enzymes activity was
observed in LDL and SDL treatments (Table 4). Similar
findings have been previously reported by (Burritt
and Mackenzie, 2003) who stated that when the
begonia plant is transferred from low light to bright
light, CAT activity increases. Also, they stated that
when the (Picea abies L.) seedlings are transferred
from low light to high light, the activity of CAT
enzyme decreases. Xu et al. (2010) investigated the
effect of nitric oxide and sodium nitroprusside in tall
fescue under high light stress and concluded that
using sodium nitroprusside reduces enzyme activity
of SOD, CAT and APX, but using nitric oxide increases
the activity of mentioned enzymes. Jiang et al. (2005)
demonstrated that, low light conditions showed a
significant decrease in activity APX and CAT of
bermudagrss and paspalum. Grace and Logan (1996)
reported that the CAT enzyme activity varies depend-
ing on light intensity. The CAT enzyme activity in
Schefflera [Schefflera arboricola (Hayata) Merrill] and
Vinca (Vinca major L.) plants did not change with a
change in light intensity, but in Mahonia (Mahonia

repens (Lindley) Don.), CAT enzyme activity increased
with an increase of light intensity. Interaction
between field capacity and photoperiod resulted in
the highest and lowest SOD enzyme activities in 50%
FC-LDL and 25% FC-SDL treatments (Table 4).

4. Conclusions

The results proved that the reduction in photope-
riod led to a progressive increase in shoot height and
leaf area, however, the increase in irrigation inhibit-
ed their progressive growths. Additionally, the reduc-
tion in photoperiod caused a decrease in fresh and
dry weight of root and shoot. However, the increase
in irrigation led to alleviation of these negative
effects during the day-time and thus increased the
fresh and dry weight of root and shoot. Therefore, it
appears as though the increased irrigation might
have contributed to the enlargement and flexibility
of cells, which, in turn helped increasing the dry and
fresh weight of root and shoot. The reduced pho-
toperiod led to a reduction in chlorophyll and starch
contents and enzymes activities, and the increased
irrigation compensated this reduction to some
extent. This phenomenon might be, at least in part,

explained by the fact that irrigation reduced ABA
production, inhibited ROS production and thus inhib-
ited the closure of stomata. In overall, the increase in
irrigation caused the destructive effects of reduced
photoperiod to diminish, and vice versa. It seems
that the interaction of photoperiod and irrigation
treatments has superior effects on alleviating of the
symptoms of stressed plants, than their separate.
Further studies are needed to clarify more the inter-
action between irrigation and light treatments at
structural and ultrastructural levels, in common
bermudagrass.
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