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Summary

Water is the most important factor for plant growth, and defi ciency of water is 
a reason for drought stress. In drought stress situations, antioxidant system and 
some biochemical properties are changed. To identify the eff ect of drought stress 
on some types of citrus species, we examined diff erent irrigation periods on citrus 
cultivars. In this study, plants were irrigated every four, eight, twelve, and sixteen 
days. Antioxidant, superoxide dismutase (SOD), peroxidase (POD), chlorophyll 
content, relative water content (RWC), and proline were measured. Results showed 
that with increased irrigation period antioxidant capacity, SOD, POD, and proline 
were increased in all three citrus cultivars, but chlorophyll content and RWC were 
decreased. All cultivars expressed similar changing pattern and it means that with 
decrease of water availability antioxidant system activity increases to protect plants 
against drought stress
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Introduction
Water demand is increasing on the global scale in view of fast 

population growth rates, improvement in the standard of living, 
irrigation schemes expansion and global warming (IPCC, 1996; 
UN Population Division, 1994). In the regions suff ering from 
water scarcity like the Mediterranean basin water supplies are 
currently degraded or exposed to degradation processes, there-
by exacerbating the water shortage (Chartzoulakis et al., 2001).

Whereas a high soil water potential during the growing season 
is essential for the maintenance of unimpaired crop growth and 
high economic yield, the stress imposition through longer irri-
gation intervals, higher moisture depletion or skipping irriga-
tion during either the early vegetative stage or maturation can 
contribute to obtaining similar economic yields, along with 
saving irrigation water and ameliorating the water use effi  cien-
cy (Attard et al., 1996). Higher plants are sessile and hence are 
continuously prone to various environmental stress factors like 
drought, salinity, heavy metals, nutritional disorders, radiation 
without any protection. Th e majority of these stresses have spe-
cifi c common impacts on plants, including induced oxidative 
stress by the reactive oxygen species (ROS) overproduction, as 
well as their own particular eff ects (Rao, 2006). Reactive Oxygen 
Species (ROS) are sometimes termed Active Oxygen Species 
(AOS), or Reactive Oxygen Intermediates (ROI), or Reactive 
Oxygen Derivatives (ROD) (Desikan et al., 2005).

ROS contains a miscellany of oxygen-radicals, for instance 
superoxide anion (O2

-), hydroxyl radical (OH·), perhydroxyl radi-
cal (HO2

·) and hydrogen peroxide (H2O2). Singlet oxygen (1O2), 
another ROS type, can be created by the formation of the excit-
ed-chlorophyll in the photosystem II (PSII) reaction center and 
antenna systems. Th is is the principal formation mechanism of 
1-O2 in plant cells. Due to inadequate energy dissipations during 
the photosynthesis, the chlorophylls are excited, resulting in the 
chlorophyll (Chl) triplet state formation. Th e Chl triplet state 
reacts with 3O2 to generate the highly reactive oxygen (Arora et 
al., 2002; Reddy and Raghavendra, 2006; Gill and Tuteja, 2010) as 
a metalloenzyme. Th e superoxide dismutase is the fi rst enzyme 
in the detoxifi cation processes to catalyze O2

·- to H2O2 and O2. 
SODs are divided into three groups in accordance with their 
metal cofactor: Fe-SOD (in chloroplasts), Mn-SOD (in mito-
chondria), and Cu/Zn-SOD (in chloroplasts, peroxisomes, and 
cytosol) ( Gill and Tuteja, 2010).

Peroxidase is an enzyme observed in miscellaneous or-
ganisms, ranging from bacteria and plants up to humans. Its 
function is to decompose hydrogen peroxide (H2O2) that is a 
toxin, created as a byproduct of utilizing oxygen for respira-
tion. Chlorophyll content is one of the key factors infl uenc-
ing photosynthetic capacity. Th e decrease or constancy of the 
plants chlorophyll content under drought stress has been found 
in various plant species and its intensity is dependent upon the 
stress rate and duration (Jagtap et al., 1998). Th e leaf chloro-
phyll content is a plant tissues photosynthetic capability indi-
cator (Nageswara et al., 2001). Schonfeld et al. (1988) revealed 
that wheat cultivars with high RWC show greater resistance to 
drought stress. Apparently, osmoregulation is one of the most 
crucial turger pressure preservation mechanisms in most plant 
species against water loss for the purpose of water absorption 
and metabolic activities retention (Gunasekera and Berkowiz, 

1992). Proline Exogenous application induces the plants abiotic 
stress tolerance (Claussen, 2005). Much attention has been paid 
to the proline role in stress tolerance as a compatible osmolyte 
(Ali et al., 2007).

Th e purpose of the present study is to contribute to a better 
understanding of the physiological responses of the, plants to the 
irrigation time changes. Th erefore, the infl uence of the amount 
of water and the period of irrigation on the chlorophyll content, 
relative water content (RWC), proline content, peroxidase (POD) 
content, antioxidant capacity, and superoxide dismutase (SOD) 
were investigated in ‘Kinow’ tangerine, ‘Washington Navel’ 
orange and ‘Valencia’ orange.

Material and methods
Plant Preparation:
Th e tests were done in approximately 80 days. Th e cultivars in 

the test were the 3-year-old trees of three citrus cultivars: ‘Kinow’ 
tangerine (A), ‘Washington Navel’ orange (N) and ‘Valencia’ 
orange (V). Four experiments (each in one treatment) were car-
ried out. Th e samples were irrigated every four, eight, twelve and 
sixteen days. Th e leaves were tested using three replications and 
were randomly selected mature and immature leaves from the. 
Th e trees were in a greenhouse in the pots.

Peroxidase (POD) activity
Th e enzyme extracts were obtained by the homogenization 

of 0.5 g of leaves slices with 1 mL of 50 mM potassium phos-
phate buff er (pH 7), including 0.5 mM EDTA and 6% polyvi-
nylpolypyrrolidone. Th e homogenate was centrifuged at 14000 
rpm for 15 min at 4°C, and the supernatant was utili’zed for 
enzymes activity determination. Th e POD activity was assayed 
spectrophotometrically. Guaiacol was formed in l mL reaction 
mixture of 450 L 25 mM guaiacol, 450 L 225 mM H2O2 and 100 
L crude enzyme. Th e activity was expressed as units per mg fresh 
weight, and each determination was implemented in triplicate.

Superoxide scavenging capacity
Th e superoxide scavenging capacity was evaluated by the 

method of Duh et al. (1999). Th e reaction mixture contained 
phosphate buff er, 200 μL of halophyte extracts, 200 μL of PMS 
solution, 200 μL of NADH, and 200 μL of NBT. Th e absorbance 
was read at 560 nm against blank aft er incubation at ambient 
temperature. Th e organ extract antioxidant activity evaluation 
was based upon IC50. Th e IC50 values were expressed as μg/ml. 
As for DPPH, the lower IC50 value pertains to a higher plant 
extract antioxidant activity. Th e superoxide anion generation 
inhibition proportion was calculated by the following formula: 

Superoxide quenching (%) = [(A0 −A1)/A0] ×100
Where A0 and A1 have the same meaning as in Eq.

Antioxidant capacity 
Th e antioxidant activity was assessed by the 1, 1-diphenyl-

2-picrylhydrazyl (DPPH) radical scavenging method based upon 
the procedure of Ghasemnezhad et al. (2011). In summary, 150 
μL of the leaves extract was added to 850 μL of the DPPH radi-
cal, vortexed and placed at room temperature in darkness. Th e 
samples absorbance was assessed at 515 nm aft er 15 min via a 
UV/Vis spectrophotometer model PG Instrument +80, Leicester, 
United Kingdom. For each sample, three diff erent determinations 
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were made. Th e percentage of DPPH, which was scavenged (% 
DPPHsc), was calculated utilizing %DPPHsc: %DPPHsc = (Acont-
Asam) ×100/Acont

Chlorophyll content
Determining the total chlorophyll content was based on 

Lemoine et al. (2009). Leaves were powdered in a refrigerated by 
liquid nitrogen mill and 0.4 g of the powder achieved was added 
to 5 ml of acetone and water at a ratio of 80:20, stirred and then 
centrifuged at 5000 rpm for 15 min. Th e obtained supernatant 
was used to determine the content of chlorophyll. Th e results 
were shown as mg chlorophyll /g FW.

Relative water content (RWC)
To measure RWC, the leaves were sampled. Th ey were laid 

in the polythene bags and transferred to the laboratory imme-
diately, and the fresh weight (FW) was measured quickly. At the 
next step, the leaves were cut into 2 cm slices and fl oated on the 
distilled water for 4 h to measure the weight of the turgid leaves 
and obtain the turgid weight (TW). Th e samples were dried in 
an oven at 60ºC for 24 h and then the dry weight (DW) was 
obtained. Th e RWC was estimated according to Barrs (1968): 
RWC (%) = [FW-DW]*100

Proline
Having passed the stress period, proline was extracted from 

fresh leaves and measured by the protocol given by Bates et al. 
(1973). Leaves were frozen by liquid nitrogen and separated 5 g 
was homogenized with 10 ml of 3% sulfosalicylic acid at 25Cº. 
Filtering the homogenate was accomplished through the fi lter 
paper (Whatman NO2). Two ml of the fi ltrate with two ml of 
glacial acetic acid and two ml acid ninhydrin were mixed in a 
tube in a water bath at 95°C for one hour. Th e reaction mixture 
was cooled in the ice bath. Following that, toluene in 4 ml was 
added to the mixture and then blended with a test tube stirrer 
for 20 seconds. Th e pink-red color toluene on the top of the mix-
ture was extracted by a pipette. Th e absorbency of the toluene 
was read at 520 nm with a spectrophotometer. To calculate the 
proline concentration, the proline standard curve was used in a 
specimen on the fresh weight basis. Th e electrical conductivity 
was measured by a digital conductivity meter (JENWAY, Model 
4070, and Essex, England).

Statistical analysis
Th e experiment was conducted using a completely rand-

omized design with three replications. Th e recorded data were 
statistically analyzed (ANOVA analysis) using the soft ware of 
SAS, sources of variation were diff erent irrigation period and 
cultivars as the factors. Diff erences of least squared means were 
considered to be signifi cant at P<0.01.

Result and discussion
SOD
All cultivars showed the same changing schema, indicat-

ing the minimum percentage of SOD activity and the amount 
of SOD enzymes in the samples that were irrigated every four 
days, that is an indication of the soil water stress. Actually, it was 
indicated that the content of SOD was greater in the leaves of 
three cultivars that were irrigated every sixteen days and was the 
lowest in the leaves that were irrigated every four days. ‘Kinow’ 

tangerine had stronger SOD activities at this level (101.5 U/mg 
/FW) than ‘Valencia’ orange (101 U/mg /FW) and ‘Washington 
Navel’ orange. Th ere was no signifi cant diff erence between 
orange cultivars (Fig. 1). Plants possess diff erent evolutionary 
mechanisms to deal with the stresses produced by diff erent en-
vironmental circumstances. SOD, which plants use to protect 
themselves against the damages of oxygen radicals, is considered 
as the fi rst defensive line in antioxidant enzymes (Mittler, 2002). 
A rise for enzymes like SOD leads to increase of plant resistance 
to oxidative stresses (Sreenivasulu et al., 2000). Th e increased 
activities of antioxidant enzymes and the increased percentage 
of antioxidants under drought stress diff er from each other not 
only among several plant species but also between two cultivars 
(Selote and Khanna-Chopra, 2004). 

Antioxidant
It was demonstrated that the lowest antioxidant capacity 

was in ‘Valencia’ orange irrigated every four days. Th e results 
also indicated that there was no signifi cant diff erence between 
‘Kinow’ tangerine and ‘Washington Navel’ orange that were ir-
rigated every eight and every twelve days. ‘Kinow’ tangerine 
and ‘Washington Navel’ orange showed the highest antioxidant 
activities in all four types of irrigation and ‘Valencia’ orange 
had the lowest activity (Fig 2). Th ese results revealed that the 

Figure 1. Effects of irrigation period on superoxide 
dismutase (SOD) activity in three cultivars of citrus

Figure 2. Effects of irrigation period on total antioxidant 
capacity in three cultivars of citrus
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genotype related studies exhibit genetic changes concerning ad-
aptation and reaction in water stress. Misra and Gupta (2006) 
stated that the amount of antioxidant enzymes varies notice-
ably, highly depending on the cultivar, the stress regimes, the 
growth phases, and the environmental stresses. Antioxidants 
play a crucial part in protecting plants in inappropriate condi-
tions (Lohrmann et al., 2004). 

POD
In this study, POD was considerably active in the ‘Kinow’ 

tangerine irrigated every sixteen days, not demonstrating any 
signifi cant diff erence in comparison with the ‘Valencia’ orange. 
However, it showed the lowest activity in the samples irrigat-
ed every four days. Th en a re-increase in POD was observed in 
the irrigated ‘Kinow’ tangerine and ‘Valencia’ orange irrigated 
every eight days (Fig 3). Th e cultivars under water defi cit pre-
sented higher POD activity than normal irrigation management, 
which can be a defense mechanism against free radical forma-
tion resulting from water defi cit. Strong plants, such as salt-tol-
erant tomatoes tend to have a greater proportion of POD than 
the weak plants under stress (Shalata and Tal, 1998). Th e POD 
activity can be a useful tool in the selection of the cultivars re-
sistant to environmental stress such as the water defi cit. Xiong 
et al. (2002) reported that in plants under water defi cit there is 
an increase in peroxidase activity that is correlated with the in-
crease of water defi cit tolerance. In this study, this increase in 
peroxidase activity under water defi cit was evident indicating 
greater tolerance of these cultivars to water defi cit.

Chlorophyll
Th e highest chlorophyll content was observed in all three 

cultivars irrigated every four days. Th e results also indicated 
that all cultivars had the lowest chlorophyll content when they 
were irrigated every eight and twelve days, and there was no sig-
nifi cant diff erence between ‘Valencia’ orange and ‘Washington 
Navel’ orange (Fig 4). Th ese results suggested that there was no 
considerable diff erence among cultivars. 

RWC
Based on the results, RWC was decreased in all of the cul-

tivars in irrigation period (Fig. 5). Drought stress did not lead 
to a signifi cant reduction in relative water content (RWC) when 
plants were treated by diff erent irrigation regimes in all culti-
vars. Similar results were observed in the maize when moder-
ate stress did not signifi cantly change the relative water content. 
Alizadeh et al. (2011) found a decrease in water relations in four 
apple dwarf rootstocks under drought stress but it diff ered be-
tween rootstocks. In the study of two cultivars of citrus, leaf 
RWC was smaller in the drought stress samples than in the con-
trolled plants and the genotype that showed less reduction was 
supposed to be more tolerant than another genotype because of 
its water status (Garcia-Sanchez et al., 2007). RWC has also been 
considered as a main water index, as compared to other water 
potential factors in drought stress (Lugojan and Ciulca, 2011). 
A decline in the relative water content blocks stomata, and aft er 
the obstruction of stomata the photosynthesis level decreases. 
Also, RWC is closely  associated with the cell content and may 
vividly show the equilibrium between the leaf water supply and 
the amount of transpiration (Schonfeld et al., 1988). Th is  ena-
bles the plant to be released from stress, aff ecting the yield and 
the yield persistence (Lilley and Ludlow, 1996).

Th e cultivars, which are able to keep more water in their 
leaves, show more resistance to drought stress (Garcia-Sanchez 
et al., 2007). It has been indicated that high relative water con-
tent is resistant to drought and that high relative water content  is  
the product of regulating more osmotic or lower tissue cell wall 
elasticity (Ritchie et al., 1990). Hence, slight changes in RWC of 
the drought plants during sixteen days proved well the osmotic 

Figure 3. Effects of irrigation period on peroxidase (POD) 
activity in three cultivars of citrus

Figure 4. Effects of irrigation period on chlorophyll content 
in three cultivars of citrus

Figure 5. Effects of irrigation period on relative water 
content (RWC) in three cultivars of citrus
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adjustment, and the subsequent increase of the drought toler-
ance of our studied plants revealed that the above-mentioned 
points would be taken into account.

Proline
Overall, content of proline in all three cultivars was increased 

by water defi cit. ‘Kinow’ tangerine tended to accumulate more 
proline than other two cultivars when they were irrigated every 
sixteen an twelve days. However, it is observed that there was no 
signifi cant diff erence among cultivars when plants were exposed 
to four and eight days shortages of water. Th e highest amount of 
proline was obtained when plants were exposed to fourteen days 
of water defi cit in cultivar ‘Kinow’ tangerine (Fig. 6).

Th e results of this study are in agreement with the fi ndings 
on drought tolerance of citrus and mango plants when there was 
a 6-10 fold increase in proline content (Mohd Razi et al., 2004). 
Because of osmoregulatory role of proline in plants, cultivar that 
can accumulate higher proline levels during water stress can 
be considered more tolerant to water stress (Mohd Razi et al., 
2004). In faba bean, it has been proved that cultivars represent 
higher yield durability in case of water defi ciency (Karamanos 
et al., 1995) and the  greatest potential for the amount of proline. 
Th us, the proportion of proline may be considered as a practi-
cal instrument for the estimating of the drought resistance of 
the crop cultivars. Our data suggests that ‘Kinow’ tangerine 
accumulated higher proline and tended to survive water stress 
more readily comparing to other cultivars. Th e infl uence of cul-
tivar on high  accumulation is obvious and may originate from 
their natural growth. It has become evident that the larger the 
growth rate in a given phase is, the greater the potential for ac-
cumulation will be. Th e biological period may also be another 
signifi cant parameter, with the recent cultivars oft en showing 
higher concentration than the earliest ones (Karamanos, 1995). 

Conclusion 
In this research, all of the citrus cultivars had similar re-

spond to the irrigation periods. It seems that enhanced antiox-
idant system activity aff ected was by drought stress. Increase 
in proline content in this research is a way of plant adaptation 
against drought stress because proline is a chemical that have an 

osmoregulatory role in plants. With enhanced environmental 
stress in plant chlorophyll degradation is increased. With long 
period between irrigation, it is possible that photosynthesis rate 
decreases because of decrease in chlorophyll content.
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